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The one-step conversion of cellulose tg-&cohols via green
and energy efficient approaches has, as far as we are aware, not OH
been reported. Such a process presents a considerable challenge, " ol
the two key problems being (1) finding a suitable solvent that | . °
dissolves the cellulose, and (2) the development of advanced
catalytic chemistry for selective cleavage of the@—C bonds
(glycosidic bonds) connecting glucose residues. The dissolution of o
cellulose has been recently realized by using ionic liquids as green 9 o
solventst there is still no efficient method, such as selective 0
hydrogenation, for the precise «©O—C cleavage under mild Ho
conditions, however. Cellobiose is a glucose dimer connected by @Figure 1. Cellulose structure and the potential monomers formed following
glycosidic bond and represents the simplest model molecule for cleavage of the €0—C bonds at positior or b.
cellulose. We disclose in this communication that the one-step
conversion of cellobiose to &alcohols can be realized by
selectively breaking the-€0—C bonds via selective hydrogenation
using a water-soluble ruthenium nanocluster catalyst under 40 bar
H, pressure.

Sorbitol and glycerin, dideoxyhexitol, and trideoxyhexitol are
under consideration as a new generation green energy platform,
instead of syngas, to produce bio-fugfksgchemicals, and hydro-
gen#5 Sorbitol is generally obtained via a two-step process, that
is, hydrolysis of cellulose in acidic water and then by further
hydr(.Jgenat.ion. The proce;s, especially hydrolysis under E.ICidic Figure 2. TEM micrographs and patrticle histograms of polymer-stabilized
andltlons' IS n_Ot energy efficient aﬂd also not as green as dédired. ruthenium nanoparticles isolated from water (200 particles counted for the
Direct conversion of cellulose requires the cleavage of tw@®c C sample, scale bas 20 nm).
bonds, one being the 1kglucoside bond connecting two adjacent
glucose monomers and th? other being contained in the glucosea colorless solution at the end of the reaction. Pt and Rh both
fing. lt. can be seen from Flgure L that the cleavage of thefd 4- exhibited good activities in the reaction, but the selectivities were
glycosidic bond may result in two different products: dehydrate-

; . " poor. Ru was the only metal that exhibited high stability under the
sorbitol when breaking the,€0 bond (positiora), and dehydroxy- conditions (a temperature of 12€ and a hydrogen pressure of
glucose following cleavage of the other (positioy

To facili he di f itabl | llobi 40 bar) and gave high activity and selectivity; that is, the cellobiose
o facilitate the discovery of a suitable catalyst, cellobiose was , - quantitatively converted tos@lcohoals.

chosen as a model supstrate, and four trar_15|t|on metals, Ru, Rh, It is interesting to note that our previous work has proved that
Pd, and Pt, were examined. Metal nanoparticles were prepared bth’ Pd, and Pt nanoparticles prepared by the same method are all

rt_eduction of t_he appropria_te metal_ salts in the presence of lwoly( excellent catalysts for the hydrogenation of alkenes and aténes,
vinyl-2-pyrrolidone) (PVP) in refluxing ethanelwater solutiorf 11 with the Ru nanoparticles being completely inactive.

A. typical micrograph qf the rut_heniL_Jm _nan_opart'icles i$ shown in To delineate to what extent that a two-step process, that is,
Figure 2. A narrow unimodal size distribution with a diameter of hydrolysis followed by further hydrogenation, may occur, the

2":1i 0'4_an? |s((j)_bserved. th,de, an Pt ngnopE}rtchgs W%r_%goundinfluence of pH on the reaction was examined. Irrespective of the
to have similar diameters of about 3 nm under related conditions. pH, no product with a carbon number less than six was detected

The hydrogenation reactions were carried out in a Parr autoclaveby ESI-MS, and only trace amounts@.2 wt %) of small molecular

a:] i and: i blr?ng thefproducts \:yergdanr?lyzed by gahs weight alcohols, such as ethanol, were detected by GC, demonstrat-
chromatography (GC), high-performance liquid chromatography ing the high specificity of the Ru nanoparticles in hydrogenation/

(HPLC), and electrospray iqnization mass spect_roscopy (ESI-MS). hydrogenolysis of €0—C bonds. Increasing the pH from 2 to 7
Am.o.ng them (Table 1, ent.rlles—14),. .Pd nanoparticles .showed.r‘m then to 10 resulted in an acceptable decrease in cellobiose
actnw}y , due perhaps to their mstabl_llty under the reaction condlthns conversion, but caused a dramatic change in product distribution
(120°C, 40 bar H). Pd black deposits were observed together with (entries 4-6 in Table 1). Sorbitol was obtained quantitatively under

t peking University. acidic conditions (pH= 2), indicating the occurrence of a two-
* Ecole Polytechnique. step process. At pH 7, 8-p-glucopyranosyb-glucitol (denoted
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Table 1. Catalytic Hydrogenation of Cellobiose under Different Scheme 2. Proposed Reaction Mechanism under Neutral and
Conditions Basic Conditions
Selectivity (%) HOH
H H
other polyols HO H
(mainly OH|
entry  catalyst pH conv. (%) sorbitol  glucose Ad dideoxyhexitol) H, OH H
+
12 Pd 2 100 0 100 0 Ru H oW
22 Rh 2 100 69 669 0 o to
¥ Pt 2 100 185  42.6 0 Hz [ Ru H OH
42 Ru 2 100 100 0 0 0 H Tod
5 Ru 70 878 264 16 648 F2 oH on :
62 Ru 10.0 75.6 24.0 3.2 55.7 171 H OH 1
7 RuC 7.0 100 <1 0 >99 0 vo -0 H on H,
" o h OH :
aReaction conditions: metal (1.6 10-3 mol/L); PVP: metal= 10 OH H L OHH Sorbitol

(mole ratio), temperature (12TC), hydrogen pressure (40 bar), reaction

time (12 h), cellobiose (7.31 mmol), using® (30 g) as solven® Reaction

g%n‘gt'%”;hg‘?aiif%? és‘tsagfzj)a?é(ge?ég-éa%aogrlgﬂ’oﬁggevéaﬁ Uzegtfgcgzga%sé-are the final products; that is, the experimentally observed sorbitol
u , i y su i . - . .

selectivity of glucose, sorbitol, and A from 100. The reliability of the data ObserVEd_ at different pH originates from different reaction pathways,

is ensured by the fact that no significant amount of other products (see as explained by the schemes.

Supporting Information for details) was detected in_ either the gas or liquid Dispersed Ru nanoparticles, for example, supported on a surface,
Pohuisdesbnylst-ﬁ/lnsdei(c:épint(rj\en?)noégelirsfg(;niaotlﬁmnedtsag}ﬁi%ﬂ-qulljtlj(igﬁﬁi Werewoulq reasonably expect to have a similar catalytic performance.
nosylo-glucitol. Surprisingly, unlike that of the water-soluble Ru nanoparticles,
active carbon-supported ruthenium catalyst (entry 7) shows no such
catalytic activity under the same reaction conditions.
In conclusion, selective cleavage of-©O bonds leading to a

Scheme 1.
Conditions

Proposed Reaction Mechanism under Acidic

Ho H HH H OH novel catalytic hydrogenation reaction has been realized with a Ru
Ho™, ° o/i :H—o H* 2 Ho o nanocluster catalyst. A new approach, the one-step conversion of
o OH H SO hydrolysis oo cellobiose to G-alcohols, can for the first time be achieved via
OH H OH H precise cleavage of the glycosidic bonds. Preliminary investigations
CH,0H demonstrate that cellulose can also be convertedgtal€é®hols
H OH H——OH using the Ru nanocluster catalyst in [bmim]ClI ionic liquid, and
o H o H, HO——H yvhile a conversion of 15% was obsgrved, further experiments are
H ~\—OH Ru nanoparticle H——OH in progress to improve the conversion. Nevertheless, the concept
OH H H——OH established in this work opens up a new opportunity for the
CH,0H transformation of cellulose to valuable chemicals, such as bio-fuels.

as A in the Table), the corresponding sugar alcohol of cellobiose,
is the main product (64.8% in a conversion of 87.8%) and the
selectivity to sorbitol decreases to 26.4%. A small amount of
glucose was also observed. ESI-MS and tandem MS analysis
evidenced the appearance of dideoxyhexitol (7.2%). This very  Supporting Information Available: Synthesis of the ruthenium
important “new” product was further observed in basic conditions. nanoparticles, and the procedures and experiment data for cellobiose
Under basic conditions (pH 10), the selectivity to A and sorbitol ~ hydrogenation reactions. This material is available free of charge via
slightly decreased to 79.7%, while that for the othgraohols the Internet at http:/pubs.acs.org.

(mainly dideoxyhexitol) increased from 7.2 to 17.1%, demonstrating
the precise cleavage of the;€0 in the glycosidic bond in
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cellobiose. On the basis of these findings, the reaction pathways
depicted in Schemes 1 and 2 are proposed.

Scheme 1 shows the reaction pathways in acidic media. The
mechanism involves Hpromoted hydrolysis of glycosidic bonds,
followed by catalytic hydrogenation of glucose to sorbitol. While
in neutral and basic media (see Scheme 2), the situation is quite
different. The product A is simply arising from a classic hydrogena-
tion of the cellobiose. The presence of a new compound with a
formula of GH140,, which is a saturated tetraols (containing 4 OH
groups) as demonstrated by MS analysis (see Supporting Informa-
tion S2-S6 and corresponding analysis), and the absence of any
compound with a formula of 1,405 or CsH;,0s are indicative of
the removal of the oxygen atom in the;-80—Cs bonds in
combination with the cleavage of thg-€0 bond involved in the
glycosidic bonds. Had the,C-O bond been broken, the principle
products would have been 4-dehydroxy glucoseH{@s) or
2-dehydroxy sorbitol (6H140s). Thus, dideoxyhexitol and sorbitol
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