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The first example of Pd(II)-catalyzed anomeric arylation of 3-

aminosugars is reported by using an L,X-type transient 

directing groups (TDG) approach combined with an external 

2-pyridone ligand. The released free amine was in situ 10 

transformed into an azide function, which was then exploited 

in a CuAAC to increase the molecular complexity and prepare 

a variety of complex substituted C3-triazolo C-glycosides in 

good yields. 

The aryl C-glycoside motif, which is found in many natural 15 

products and drug candidates, has attracted tremendous attention 

in medicinal chemistry and drug discovery.1 These glycomimetics 

often feature enhanced resilience to enzymatic and hydrolytic 

cleavage under biological conditions compared to their O/N-

glycoside congeners.2 In particular, aryl C-glycosides bearing a 20 

nitrogen atom at the C3 position of the sugar moiety (e.g. 3-amino 

or 3-triazolo C-glycosides) are one of the most important families 

of C-glycosides found in natural bioactive compounds.3 These 

glycosides emerged as a privileged class with diverse potential 

applications (Figure 1). 25 

Classical methods for the synthesis of aryl C-glycoside have 

largely relied on the use of metal-catalyzed cross-coupling 

strategies involving the use of stoichiometric organometallic 

coupling partners.3f-h The persistent need from drug discovery 

programs to elaborate complex aryl C-glycosides has led to 30 

pioneering developments in the field of C–H functionalization.4 

This approach, which avoids the preactivation of the coupling 

partners, has led to new paradigms for the synthesis of aryl C-

glycosides. In this context, several groups have reported elegant 

methods by applying metal-catalyzed activation of C(sp2)–H bonds. 35 

However, methods involving a direct activation of the less reactive 

C(sp3)−H bonds of the sugar partners are rare.5 Thus far, precise 

structural design and selective modification of glycosides remain 

challenging tasks. Recently, Ackermann’s group5e and our 
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Figure 1. Aryl C-glycosides-based bioactive molecules 

 

Scheme 1. Strategies to access aryl C-glycosides. 

group5d reported independently two studies in which the 

anomeric, as well as C-3 position of the sugar moieties, were 55 

functionalized selectively through a Pd-catalyzed C(sp3)−H 

activation reaction (Scheme 1-A-B). Nevertheless, these 

strategies require synthetic steps to prepare the activated sugar 

substrate and remove the directing group. To address this issue, 

we sought to develop a transient imine directing group 60 

approach6 for the Pd-catalyzed anomeric C(sp
3
)−H arylation of 
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3-aminosugras to access aryl C-glycosides in an expedient way 

(Scheme 1-C). 

We hypothesized that the stereoselective introduction of the 

aryl moiety could be accomplished through a C(sp
3
) arylation 

of the in situ generated axial imine intermediate (A, Figure 2) 5 

as an L,X-type transient directing groups, to direct the 

palladium (II) catalyst selectively to the α-anomeric C(sp
3
)−H 

bond through a bidentate coordinating mechanism 

(intermediates B and C). Before testing the coupling 

experimentally, a computational study of the key CMD step 10 

was performed at the M06//6-311++G(d,p)/SDD level of 

theory in order to evaluate the free energy demand. It was 

found that when the axial imine pyridol directing group was 

used (R = Ac), the CMD transition state (CMD-TS) that gives 

rise to the α-configuration necessitates a barrier of 19.71 15 

kcal/mol (Figure 2), which is comparable to our previous 

reported study with the use of a classical directing group 

strategy.5d  

Figure 2. Proposed mechanism and DFT calculations 20 

We anticipated at this stage that the final C-aryl glycosides 

bearing a free amine will be extremely polar and tricky to 

purify, so to ease their isolation and analysis, we envisioned 

transforming the released free amine products without 

purification into azides. This later could then undergo a 25 

CuAAC process to increase the molecular complexity and 

prepare a variety of complex substituted C3-triazolo C-

glycosides. This approach is conceptually attractive in terms of 

diversifying the C-aryl glycoside pharmacophore, aiming to 

identify novel scaffolds of biological interest. 30 

To initiate this study, we selected O-protected 3-amino sugars 

1a-c and 4-iodotoluene 2a as models. To facilitate isolation 

and purification of the desired C3-azido C-glycosides and 

reduce the generation of wastes, we decided to examine both 

transformations in a pot manner as depicted in Table 1: (i) the 35 

Pd-catalyzed C(sp
3
) activation directed by the in situ generated 

transient imine group and (ii) the Cu-catalyzed azidation of the 

released free amine. Representative results are summarized in 

Table 1. 

Table 1 Survey of the conditions for the anomeric arylation of 1a-c with 40 

2aa 

 
Entry TDG Ligand [Pd] [Ox] Yield (%)

b
 

1 TDG1 L1 Pd(OAc)2 AgTFA 27 

2 TDG2 L1 Pd(OAc)2 AgTFA 0 

3 TDG3 L1 Pd(OAc)2 AgTFA 23 

4 TDG4 L1 Pd(OAc)2 AgTFA 32 

5 TDG5 L1 Pd(OAc)2 AgTFA 0 

6 TDG4 L2 Pd(OAc)2 AgTFA 34 

7 TDG4 L3 Pd(OAc)2 AgTFA 41 

8 TDG4 L4 Pd(OAc)2 AgTFA 43 

9 TDG4 L5 Pd(OAc)2 AgTFA 42 

10 TDG4 L6 Pd(OAc)2 AgTFA 37 

11 TDG4 L7 Pd(OAc)2 AgTFA 51 

12 TDG4 L8 Pd(OAc)2 AgTFA 40 

13 TDG4 - Pd(OAc)2 AgTFA 27 

14 TDG4 L7 Pd(OAc)2 CuTFA 28 

15 TDG4 L7 Pd(OAc)2 AgOAc 0 

16 TDG4 L7 Pd(OAc)2 Ag2O 0 

17 TDG4 L7 Pd(OAc)2 AgOMe 0 

18 TDG4 L7 PdCl2 AgTFA 20 

19 TDG4 L7 Pd(OAc)2/ 

Pd(TFA) 
AgTFA 42 

20 TDG4 L7 Pd(OAc)2 AgTFA 51
c
 

Reactions were conducted with substrate 1a-c (0.4 mmol), 2a (1.2 mmol), 
Pd. cat. (10 mol%), TDG (50 mol%), L (50 mol%), Ag-source (2 equiv), 

H2O (10 equiv) in a mixture of HFIP:AcOH (19:1) [0.1 M] at 90 °C for 16 45 

h. b Yield of isolated product 3a. c 30 min heating under microwave 

irradiation. 

In preliminary experiments, the C(sp
3
)-arylation was examined 

first by using Pd(OAc)2 as a catalyst (10 mol%), TDG1 (50 

mol%), L1 (50 mol%) as a ligand, AgTFA (2 equiv) and H2O 50 

(10 equiv) in a mixture of HFIP/AcOH (19:1 ratio, 0.1 M) at 

110 °C for 16 h. The reaction mixture was monitored by 

LCMS and once the disappearance of the starting material was 

observed and the formation of the 3-amino C-tolyl glycoside 

intermediate was detected, the diazo-transfer reagent 55 

imidazole-1-sulfonyl azide
7
 (3 equiv), CuSO4.H2O (10 mol%) 



 
and K2CO3 (3 equiv), was added to the mixture which was 

stirred two additional hours at RT. Under these conditions, no 

desired product was detected by LCMS analysis when both 

starting substrates 1b and 1c in which the hydroxyl functions 

were protected by acetyl or benzylidene groups, were used 5 

(Table 1). However, the use of O-benzylated sugar 1a led to 

the formation of the desired C3-azido C-aryl glycoside in a 

modest 27% yield for the two steps (entry 1). X-ray analysis 

clearly showed the α-configuration of the aryl group and the 
1
C4 conformation of the sugar nucleus, demonstrating the high 10 

diastereoselectivity of this reaction. This first set of results 

clearly demonstrated that the choice of the protecting group of 

the sugar moiety plays a pivotal role in this reaction. 

It is worth noting that all our attempts to isolate the 3-amino C-

tolyl glycoside intermediate [3a-NH2] were not an easy task 15 

and revealed that this aryl C-glycoside displays unexpected 

photophysical properties. Precisely, no any absorbance at ~240 

nm and at ~360 nm wavelength was detected despite the 

presence of three aromatic nucleus (SI). This issue rends the 

monitoring of the reaction by LCMS or TLC much more 20 

complicate, thus prompting us to continue our study by using 

the initial approach involving the in situ transformation of the 

amino group to an azide. 

Knowing that the azidation step works quantitatively, we 

screened several parameters (Pd-catalyst, TDG, ligand, base, 25 

solvent, temperature, and reaction time, Table 1) to increase 

the yield of the first steps. The screening of various transient 

directing groups revealed that TDG3 and TDG4 display the 

same reactivity as TDG1 (23% and 32% yields, respectively) 

while quinoline benzaldehyde TDG2 or TDG5 were 30 

completely unreactive. A characteristic aspect of the developed 

method lies in the pyridone ligands used for this coupling. 5-

Nitro-pyridone L2 was firstly examined, resulting in a similar 

yield than with 5-CF3 pyridone L1 (34% vs 32% yields). 

Substitution of the C3 position of the pyridine with electron-35 

withdrawing groups further improved the yield up to 51% 

(L3−L7), except for L6, which produced 3a in a yield similar 

to L1. Not surprisingly, only a 25% yield of 3a was obtained 

when the reaction was performed without ligand. Various other 

parameters were examined (Pd-catalyst, source of Ag, other 40 

oxidants, reaction temperature) but without success to improve 

the yield. Finally, we found that the arylation/azidation 

occurred smoothly with 51% yield when using Pd(OAc)2 as a 

catalyst (10 mol%), TDG4 (50 mol%), L7 as the ligand (50 

mol%), AgTFA (2 equiv), H2O (10 equiv) as an additive in a 45 

mixture of HFIP:AcOH (19:1) at 90 °C for 16 h (entry 11). 

Interestingly, the reaction time was reduced to only 30 min 

when the coupling was performed under microwave irradiation 

(entry 20). Of note, the use of Pd-catalyst and TDG was 

necessary to achieve this transformation since no reaction took 50 

place when the coupling was conducted in their absence. 

Table 2 Scope of the coupling of 1a with various aryl iodides 2 followed 

by the azidationa 

 

a Reactions were performed in a flame dried re-sealable tube using sugar 55 

1a (0.4 mmol), ArI (1.2 mmol), Pd(OAc)2 (10 mol%), TDG (50 mol%), L 

(50 mol%), AgTFA (2 equiv), H2O (10 equiv) in a mixture of HFIP:AcOH 

(19:1) [0.1 M] at 90 °C for 16 h. a Yield of isolated product. 

Motivated by these results, we next explored the scope of this 

new anomeric arylation procedure of 1a with aryl iodides. At 60 

first, we were pleased to see that various aryl iodides bearing 

diverse functions such as–OMe, –Me, –SMe, –Cl, –OCF3, and 

–alkyl chain (butyl or pentyl) reacted smoothly with 1a to 

afford the desired aryl C-glycosides 3a-w in moderate to good 

yields and exclusive -anomeric stereoselectivity (Table 2). 65 

Surprisingly, the presence of an ortho substituent at the 

aromatic ring of the coupling partner did not affect the reaction 

process, as compound 3c was obtained in satisfactory yield. 

Moreover, bulky polycyclic aromatic partners such as fluorene 

and phenanthrene were also tolerated under these conditions 70 

(compounds 3n-p). Finally, the synthetic utility of this 

methodology was demonstrated by the synthesis of the C-

glycoside 3q as an analog of the dapagliflozin drug 

(FORXIGAs) used to treat type 2 diabetes (Figure 1). Although 



 
the yields remained modest due to the unreacted anomeric C–H 

bond of sugars of type 1a, this constitutes the first example of 

intermolecular C(sp
3
)−H functionalization using a transient 

directing group. 

It is worth noting that the role of protecting groups turned out 5 

to be crucial for this reaction particularly the primary alcohol at 

C6 position of the sugar. Low yields were obtained when 

acetyl and naphthyl groups were used instead to benzyl one 

(compounds 3r and 3s), however the pivalyl group seems to be 

better (compound 3t, 28% yield). Furthermore, switching from 10 

benzyl- to methoxyl- protecting groups led to the desired 

compound 3u in only a 15% yield.  

Another important application of this method is the orthogonal 

preparation of a series of complex 3-triazolo-aryl C-glycosides 

through the simple copper-catalyzed azide-alkyne 15 

cycloaddition (CuAAC reaction).8 Different motifs were 

introduced at the azide function such as the trifluorinated 

benzene 4a which can be considered as a direct analog of 

GB1107 (Figure 1). 

 20 

Scheme 2. Reactions were performed in a flame dried re-sealable tube 

using 3a (0.4 mmol), alkyne (0.4 mmol), CuSO4.H2O (0.04 mmol, 10 

mol%), ascorbic acid (40 mol%) in t-BuOH: H2O (2:1) 0.1M at RT. a Yield 

of isolated product. 

In addition, other triazolo aryl C-glycosides bearing 25 

biologically valuable functions such as a fluorescein 

glycoconjugate 4b, as well as the uridine- glycoconjugate 4c 

were synthesized in 59% and 65% yields, respectively. 

In conclusion, we report the first example of intermolecular 

anomeric C(sp3)−H functionalization using a transient directing 30 

group. This approach obviates the need for installation and 

removal of the directing group and furnishes in one pot manner 

a diverse collection of synthetically valuable 3-azido aryl C-

glycosides with excellent -selectivity. Moreover, the azide 

function allowed us to increase the structural complexity of 35 

this series of glycosides through a CuAAC reaction. Notably, 

the facile nature of this reaction has successfully been applied 

to the synthesis of various substituted triazolo aryl C-

glycosides. 
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