
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
3
9
0
4
9
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
1
.
1
2
.
2
0
2
3

Dalton
Transactions

PAPER

Cite this: Dalton Trans., 2019, 48,
11838

Received 20th June 2019,
Accepted 1st July 2019

DOI: 10.1039/c9dt02614b

rsc.li/dalton

Carbohydrate-functionalized N-heterocyclic
carbene Ru(II) complexes: synthesis,
characterization and catalytic transfer
hydrogenation activity†

Joseph P. Byrne, Pauline Musembi and Martin Albrecht *

Three Ru complexes containing carbohydrate/N-heterocyclic carbene hybrid ligands were synthesized

that were comprised of a triazolylidene coordination site and a directly linked per-acetylated glucosyl

(5Glc) or galactosyl unit (5Gal), or a glycosyl unit linked through an ethylene spacer (6). Electrochemical

and UV-vis analysis indicate only minor perturbation of the electronic configuration of the metal center

upon carbohydrate installation. Deprotection of the carbohydrate was accomplished under basic con-

ditions to afford complexes that were stable in solution over several hours, but decomposed in the solid

state. Complexes 5 and 6 were used as pre-catalysts for transfer hydrogenation of ketones under basic

conditions, i.e. conditions that lead to in situ deprotection of the carbohydrate entity. The carbohydrate

directly influences the catalytic activity of the metal center. Remotely linked carbohydrates (complex 6)

induce significantly lower catalytic activity than directly linked carbohydrates (complexes 5Glc, 5Gal),

while unfunctionalized triazolylidenes are an order of magnitude more active. These observations and

substrate variations strongly suggest that substrate bonding is rate-limiting for transfer hydrogenation in

these hybrid carbohydrate/triazolylidene systems.

Introduction

N-Heterocyclic carbenes (NHCs) act as versatile ligands for
various catalytic systems,1 as well as for biological and
materials applications.2 Ruthenium complexes of NHCs, in
particular, have shown a broad range of catalytic activity,3–6

with application in olefin-metathesis,7–9 transfer
hydrogenation,10–18 as well as oxidation of alcohols and
amines,19–23 and water.24 1,2,3-Triazolylidenes have emerged
as a particularly promising subclass of NHC ligands that are
stronger σ-donors than Arduengo-type imidazolylidenes and
easily accessible through Cu(I)-catalyzed azide–alkyne cyclo-
addition (CuAAC) ‘click’ chemistry.25 Because of these charac-
teristics, they have found widespread applications in
catalysis.26,27 CuAAC chemistry has excellent compatibility
with most functional groups due to the mild reaction
conditions28,29 and consequently triazoles have become ubi-
quitous linkers for molecular components in various domains

of (bio)chemistry, including materials science,30–32 medic-
inal33 and supramolecular chemistry,34–37 as well as peptide/
carbohydrate functionalisation.38–42 This CuAAC synthetic
methodology allows the introduction of natural chiral pool
motifs such as carbohydrates into triazoles, and thereby facili-
tates the decoration of 1,2,3-triazolylidene NHCs with func-
tional wingtip substituents.26,43–45

The introduction of carbohydrate substituents on the tria-
zolylidene scaffold is particularly attractive as this approach
introduces functional groups in close proximity to the metal
active site. Such cooperation of ligand sites and the metal
center has been demonstrated in so-called bifunctional cata-
lysts, as introduced elegantly with Noyori-type catalysts con-
taining an amide functionality,46–48 and Shvo’s catalyst featur-
ing a proximal oxygen functionality.49,50 Bifunctional NHC
ligands have shown promise in a range of catalytic transform-
ations including hydrogenations, giving rise to increased
catalytic activities when compared to more classical
analogs.13,17,23,51–55

The use of carbohydrate motifs in homogenous transition
metal catalysts has attracted considerable attention, particu-
larly for introducing chirality and water solubility. Several com-
plexes with carbohydrate-based phosphine and phosphinite
ligand scaffolds have shown excellent performance in asym-
metric catalysis.56–58 Similar work with N-heterocyclic carbene
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ligands, however, is much more scarce.59,60 In pioneering
work, Dyson and co-workers investigated the anticancer
activity of Ru complexes of carbohydrate-functionalized NHC
ligands,60,61 though only few examples have explored the
catalytic activity of such carbohydrate–NHC hybrid
complexes.8,22,62 Imidazolylidene systems functionalized with
two carbohydrate wingtip groups, for example, induced up to
60% ee in asymmetric Rh(I)-catalyzed hydrosilylation of
ketones.62 We have demonstrated that deprotected carbo-
hydrate substituents in NHC –Ir( III ) complexes are beneficial for
base-free alcohol and amine oxidation.22 Based on these
results, we became interested in exploiting this ligand design
motif for transfer hydrogenation.

Herein we report three novel Ru–triazolylidene complexes
that incorporate carbohydrate functionality, including their
photophysical and electrochemical properties as well as their
catalytic activity in transfer hydrogenation of ketones, which
revealed that complexes are e� ciently deprotected in situ
under the basic catalytic conditions.

Results and discussion
Synthesis and characterization

Triazole precursors 1 were synthesized in moderate yields by
the CuAAC reaction from 1-hexyne and acetyl-protected anome-
ric azide derivatives of glucose and galactose (Scheme 1).63

HRMS analysis (ESI+) confirmed formation of 1Glc and 1Gal
by characteristic signals at m/z = 456.1985 and 456.1980,
respectively (m/z = 456.1977 calculated for [M + H]+). Also, 1H
NMR analysis showed the triazolyl CH resonance for both com-
pounds 1Glc and 1Gal at 7.5 ppm. Importantly, only a single
anomeric proton resonance was observed for each triazole as a
doublet at � H 5.85 and 5.81, respectively, each with a coupling

constant of 9 Hz, which is consistent with stereoselective for-
mation of � -anomers of the monosaccharide moiety. The
remaining carbohydrate CH resonances di� ered between the
glucose and galactose derivative, and the acetyl protecting
groups appeared as four singlets between 1.7 and 1.3 ppm.

Glycosidation of peracetylated glucopyranose with 1-bromo-
ethanol and subsequent SN2 reaction with NaN3 according to
literature procedures,64,65 yielded 1-azidoethyl-2,3,4,6-tetra-
acetylglucopyranoside, containing an ethylene spacer between
the carbohydrate and azide functional groups. CuAAC of this
azide with 1-hexyne (Scheme 1) yielded triazole2, which gave a
signal in HRMS analysis at m/z = 500.2236, corresponding to
[M + H]+ (calculated m/z = 500.2239). The triazolyl CH reso-
nance appeared in the 1H NMR spectrum at 7.21 ppm and the
anomeric proton resonance was much less deshielded than in
the spectra of 1, appearing as a doublet at 4.40 ppm, which
overlaps with a multiplet from the ethylene spacer. The
anomeric coupling constant of 7.9 Hz is again consistent with
a � -conformation.

Carbohydrate-triazole compounds 1 and 2 were alkylated
with Meerwein ’s reagent and isolated by precipitation from
methanol to a� ord triazolium salts 3Glc, 3Gal and 4 in high to
quantitative yields. A diagnostic downfield shift of ca. 1 ppm
of the triazole CH resonance was observed upon alkylation
(� H = 8.56, 8.50 and 8.17, respectively) along with a new singlet
corresponding to the triazolium N-methyl group. The anome-
ric proton resonances also shifted 0.2–0.4 ppm downfield.
HRMS analysis revealed a M+ ion [M � BF4]

+ that is 14 amu
higher than those of the corresponding triazole precursor
[M + H]+ ions, indicative of successful methylation. These salts
were used as ligand precursors without further purification.

Ruthenium( II ) triazolylidene arene complexes 5 and 6 were
synthesized from these triazolium salts via the well-
established25,66 transmetalation procedure using Ag2O and

Scheme 1 Synthesis of complexes 5Glc, 5Gal and 6.
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