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Abstract 

Holll(ig2Xoc:. !i~diU~SXk!.. " :)f t\\'t; CpiKXiiC S!dOWS. 2, ‘-g;ucow tn-Glc) and D-manncrse (Nvlan) wr pprfor~r~ci -in 

water. with molecular hydrogen and bq transfer hqdrosenation cataly/.ed by [RIJ-TPPTS] complex (TPPTS = trisodium salt 

of tri( nl-wlfophenyllphosphine). Both method proved effective. and revealed ~-Mar as more reactive aldose. Hydrogen 

transfer has hecn studied with variow hydrtgen donors: the moht effectiw. hut highly pH-dependent system has heen found 

in Et~N/i’orrnic acid (azeotmpic mixture _._ a ‘.5) ;I\ the wurce of hydrogen. 

k’c,xr~~~~l.\: (Sull~ophcn\ I bphtrhphinc dcri\ ;ui\ c\: Pho\phiw dcri\ ati\cs: RuO~cniunl: Fornli~tec: Sodium: Ammc~nium: Hydrogcnarion 

1. Introduction 

The origins of our venture into the realization 
of a ‘comby’ process, i.e. contemporaneous cat- 
alytic epimerization-hydrogenation of aldoses. 
are outlined in the previous paper iI]. We now 
present the results of our study of the relative 
rates of homogeneous hydrogenation of D-g!U- 

case (D-Glc) and D-mannose (D-Man) catalyzed 
by water soluble [Ru-TPPTS] complex (TPPTS 
= trisodium salt of tri( In-sulfophenyl)phos- 
phine). This ligand was introduced by Kuntz 
[2,3]; its electronic properties and various cat- 
alytic effects of its complexes are reported [3.5]. 
We paid particular attention to the effects of 

hydrogen source. the pH. and the added sait on 
the relative rates of hydrogenation of two al- 
doses. Hydrogenation of aldoses in water cat- 
alyzed by homogeneous catalyst under hydro- 
gen. or in the presence of another hydrogen 
source. has not been studied as yet. 
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2. Expesimcntal 

2.1. Grrler~trl 

‘H- and “C-NM!? spectra were obtained on 
JEOL F>C 900FT and Varian XL-GEM 300 

spectrophotometer; shifts are given in ppm 
downfield from TMS. GLC analyses were per- 
formed on Hewlett Packard GC 5890 chromato- 

graph with flame ionization detector (FID). HP 
3396A integrator and capillary HP-I 7 column. 



HPLc analyses were performed on Hewlett 
Packard instrument with 1050 pump. HP 1047A 
refractometric detector and HP 3396A integra- 
tor, on Aminex HPX 87C column (Bio-Rad). 
thermostated at 85°C in automatically controlled 

thermostat. 

2.2. iVia&rials 

D-Glc, D-Man (p.a., Fluka) were dried in 
vacua for 24 hours before use. Formic acid, 
triethylamine, RuCl 3 - 3Hz0 (p.a., Kern&a), Nal 
(p.a., Medical, hexamethyldisilazane (HMDS), 
trimethylchlorosilane (TMCS) (~.a., Fluka) were 
used as received. Redistilled water and p.a. 
organic solvents stored under nitrogen. were 
used in all experiments. 

RuC12(PPhJ)3 was prepared by a published 
method [6]. 

TPPTS was obtained from Hoechst AG 
(Frankftirt) as ca. 33% aqueous solution. 

2.2.1. Rreptrrutim of [Ru- TPPTSI complex 
(according to Basset [7/l. 

TPPTS (2.4 ml of 33% aq. solution) was 
diluted with 10 ml of water and added drop- 
wise, under vigorous stirring. to the solution of 
RuCl,(PPh,), (0.54 g, 0.56 mmol) in THF (60 
ml), preheated at 60°C. The reaction mixture 
was stirred and heated under reflux for 30 min, 
then organic phase was decanted, and aqueous 
layer evaporated to dryness. It was obtained 
1.05 g of the product which was used as catalyst 
without ulterior purification. ‘+Z-NMR (CDCI,): 
12.55, 130.64 ( J(P-C) 6 Hz), 13 1.26 ( J(P-C) 
24 Hz), 137.29 (J(P-C) 16 Hz), 137.49 (J(P- 
C) 14 Hz), 144.09 (J(P-C) 7 Hz). 

2.2.2. Hydrogerzarion under iydropw pressure 
Hydrogenation under hydrogen pressure was 

performed in Parr M 4561 autoclave. volume 
300 ml, connected to a cooling water and tem- 
perature controller Parr series 4841. Samples 
were taken trough a sampling tube at regular 
time intervals, and controlled by HPLC. 

In the standard experiment aldose (3.6 g, 2@ 

mmol), [Ru-TPPTS] (0.30 g, 0.1 mmol), and 
sodium iodide C 1.5 g, 10 mmol) were dissolved 
in 100 ml of water, and reaction started by 
applying hydrogen under pressure. 

2.2.3. Hydroger:atiou under I’iydrogctl Imqfer 
Hydrogenation under hydrogen transfer was 

performed in a double-walled reactor, volume 
50 ml, thermostated by Haake L circulator ther- 
mostat with silicon oil a:> the heating medium. 
The aldose (0.36 g, 2 mmol) and sodium formi- 
ate (0.7 g, 10 mmol). or ammonium formiate 
(0.63 g, 10 mmol) or azeotropic mixture of 
Et;N/formic acid (10 mmol) were dissolved in 
water ( 10 ml) and preheated at 100°C. Reaction 
was started by addition of [Ru-TPPTS] com- 
plex (0.05 g, 0.02 mmol). During reaction pH 
was controlled by thermostable combined pH 
electrode ‘pH C2401’ (Radiometer). and was 
kept constant by addition of dill. formic acid. 
Samples (0.03 ml) were taken by siring at regu- 
lar time intervals, evaporated and dried in vac- 
uum desiccator at 50°C. dissolved in 0.05 ml of 
pyridine and silylated by adding of HMDS (0.05 
ml, 6 mol) and TMCS (0.025 ml, 2.3 mmol). 
The progress of the hydrogenation was moni- 
torcd by GLC with temperature program from 
150 to 170°C at 2”C/min. 

esults and discussim 

Traditionally, sugars are hydrogenated to the 
corresponding alditols by heterogeneous cata- 
lysts at elevated temperatures and hydrogen 
pressure [8]. Homogeneous catalytic hydrogena- 
tion of aldehyde carbonyl group in general. and 
of aldoses in particular, was scarcely reported in 
the literature [9,10]. We therefore started this 
study by searching the conditions where hydro- 
genation of the two epimeric aldoses can be 
completed with different reaction rates, with 
D-Man as more reactive counterpart. Positive 
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Fig. I. Progress curve for the hydrogenation of D-Glc and r+Man 

catalyzed by [Ru-TPPTS] complex in water at 100°C and 50 3tm: 

rrmannitol. 0 D-sorbitol. and hydrogenation of o-Man in the 

absence of Nal: 0 D-mannitol. 

outcome of this study prospects selective hydro- 
genation of D-Man, as formed from D-Glc in the 
epimerization process. In the first series of ex- 
periments we carried out the reduction of D-Glc 
and D-Man with [Ru-TPPTS] complex accord- 
ing to Basset et al. [7]; in water at lOO’C, at 
hydrogen pressure of 50 atm, in the presence 
and absence of Nal, Fig. 1. 

Faster hydrogenation of c-Mac was ob- 
served, as expected, since the difference in the 
ground state energies of D-Gk and D-Man ren- 
ders the latter more reactive. Thus, after 15 min 
D-Man was nearly completely hydrogenated, 
while only 65% of D-Glc was converted in the 
same reaction time. In the absence of Nai con- 
version of D-Man was ca. 6 times slower, how- 
ever. The promoting effect of this salt on hydro- 
genation of aldoses probably takes place accord- 
ing to the same mechanism proposed by Basset 
[ 1 I] for propionaldehyde. Sodium ion effects 
carbonyl group by changing coordination from 
an q-2 to a q-l mode, preventing hydride trans- 
fer to the carbon atom of aldehyde and afford- 
ing an alkoxide ion which is coordinated by 
cerbon atom to rhe metal center 191. 

3.2. .Hotnoget~eous catalytic transfer h_drogetta- 
tiott 

Transfer hydrogenation of D-Man with com- 
plex [Ru-TPPTS] was carried out in water at 

I91 

t/min 
Fig. 2. Progress curve for the transfer hydrogenation of LA&m 

catalyzed hy [RU-TPPTS] complex in water at IOO”C with 

NEt, /formic acid (35). 0 Na formate, 0 NH4 formate. 

100°C. As the hydrogen donor sodium formiate, 
ammonium formiate, or azeotropic mixture of 
formic acid and triethylamine (Et,N/formic 
acid 5:2) were used. This latter reagent was 
successfully used by Brunner and Leitner in 
catalytic transfer hydrogenation of Q $-un- 
saturated carboxylic acids [ l2- 141. 

Conversion was monitored by GLC and the 
results in Fig. 2 revealed that this process 
strongly depends on the formiate counterion. 
Thus, after 180 min D-Man was nearly com- 
pletely hydrogenated in the mixture of 
Et,N/formic acid (2:5), while with sodium 
formiate and ammonium formiate conversion 
was much lower. Contrary to the effect of NaI 
in hydrogenation with molecular hydrogen, 
when the same reaction was carried out with 

tlmin 

Fig. 3. Progress curve for the transfer hydrogenation of vMnn 

catalyzed by [Ru-TP Sl complex in water at 100°C with Na 

formate: 0 with NaI. without NaI. 



Table I 
Transt’er hydrogenation of aldo~s catalylcd by water ~luhlc 

[Ru-TPPTS] complex with mixture <)I’ NE1 ( /I’brmic acid (2:5) at 

100°C 

Substrate Yield ot 

alditc~l (‘4 ) 

D-glucose 80 64 51 

c-mannosc 93 93 X6 

sodium formiate as hydrogen donor in the pres- 
ence of Nal. lower yields were obtained than in 
the absence of the salt, Fig. 3. 

Having been confirmed as the best source of 
hydrogen Et,N/formic acid (25) was investi- 
gated in comparative hydrogenation of u-Glc 
and D-Man; higher reactivity of D-Man was 
again observed. Table 1 and Fig. 4. 

Importantly, during hydrogenation of aldoses 
[Ru-TPPTS] complex was not deactivated by 
carbonylation as repetitedly observed in organic 
solvents for Ru and Rh complexes with lipohilic 
phosphine ligands [ 1% 181. 

In the last series of experiments we have 
studied the pH dependence of the transfer hy- 
drogenation of [)-Man and Et,N/formic acid 
(25) as hydrogen source. Fig. 5. This correla- 
tion is important in view of coupling this pro- 
cess with C(2) epimerization catalyzed by hep- 

tamolybdate ion. It is known that in the acidic 
medium the rate of epimerization decreases ca. 
20 times by raising the pH from 2.5 to 5.9 [19]. 

timin 
Fi:. 1. progrehz curve ti)r transfix hydrogenation of trMan i II-Glc 

catalyzed by [Ru-TPPTS] cnmpkx with NE1 1 /formic acid (15) 

in war ;Lt 100°C: 0 Lr5orhitol. rxnannilol. 

tfmin 

Fig. 5. Progress curve for rhe rran4’cr hydrogenalion of‘ D-Man 

catalyxcd by [RU-TPPTS] complex with NEt i /formic acid (2:s) 

in water at IOO’C: 0 pH = X.0-X.4. pH = 6.5-7.0. 0 pH = 

5.0-5.5. 

This transfer hydrogenation turned out to be 
strongly pH dependent, however, see Fig. 5. 
The highest rate was observed at pH 8.0-8.4; 
strongly diminished catalytic efficiency was ob- 
served already at pH 5.0-5.5. i.e. at the upper 
pH limit for C(2) epimerization. 

In conclusion. water so!uble ruthenium com- 
plex with sulfonated phosphine ligand (TPPTS) 
is an effective and selective catalyst for hydro- 
genation of aldoses either under hydrogen pres- 
sure or by hydrogen transfer. However, it could 
not be used in a ‘comby’ process with hepta- 
molybdate ion because the optimal pH range for 
its activity significantly differs from that where 
heptamolybdate ion is effective in C(2) epimer- 
ization. Continuing this project we therefore 
envisage combining chemical catalyst for C(2) 
epimerization with the biocatalytic reduction 
step. 

Acknowledgements 

The authors are grateful to Dr. Walter Leit- 
ner. University of Jena, for his information re- 
garding the use of NEt,/formic acid, and to 
Hoechst A.G.. Frankfurt, for generous gift of 
TPPTS ligand. This work was supported by the 
grant 2-07-257 from the Ministry of Science 
and Technology, Republic of Croatia. 



eferences [III 

[II 

;;I 

141 

[Sl 
161 

[71 

Ml 

191 
[IO1 

S. Kolaric and V. sunjic. J. Mol. Cutal.. ( lY96) thiz issue. 

E.G. Kunt7, CHEMTECH. 17 (1987) 570. 

K. Wcisscrmcl and H.-J. Arpe. Indu~trielle Orgarrische 

Chemic. VCH. Wcinhcim, I’%. p. IJ2- 143. 

D.J. Darensbourg, C.J. 13ishoff and J.H. Rcibenspics. tnorg. 

Chcm.. 30 (1991) 1144. 
H. Dung and B.E. Hanson, J. Mol. Catal. A. 49 (1995) 131. 

T.A. Stephanson ar.d G. Wilkinson, J. Inorg. Nucl. Chem.. 

28 (1966) 945. 

J.M. Basset. E. Fache, C. Santini and F. Senocqe. J. Mol. 

Call.. 72 ( 1992) 33 I. 

A.P.G. Kiehoom and H. van Bekkum, Chemical Conversion 

of Starch-based Glucose Syrups. in G.M.A. van Bcynum and 
J.A. P,&:; ICsjc h Stxch Cot~~*cr?jng Tcchnolngy. Marcel <Y.....,. 

Dekkcr. 1985. p. 263-333. 

R. Bar and k’. Sasson, J. Mol. Catnl.. 26 (lY8-l) 327. 

M. Gullotti. R. Ugo and S. Colonna. J. Chem. Sot. (Cl. 

(1971) 2652. 

iI21 

[I31 

iI41 

iI51 

[I61 

1171 

[I81 

I . ,._j 
ll-fl 

J.M. Baact, E. Fachc. C. Suntini and F. Scnocqe. J. Mol. 

Caral.. 72 (19Y2) 337. 

J.M. Brown. H. Brunner, W. Leitner and M. Rose. Tetrahc- 

dron Asymm.. 2 (1991) 331. 

W. Lcitncr. J.M. Brown and H. Brunncr. J. Am. Chem. Sot.. 

I15 (1993) 152. 

H. Brunncr. E. Graf. W. Leitner and K. Wutz. Synthesis. IO 

(19X9) 743. 

W.M. Kruse and L.W. Wright. Carbohydr. Res.. 64 (1978) 

293. 

5. Rajagopal. S. Vancheesan and .I. Rajaram, J.C. Kuriacose. 

J. Mol. Catal.. 22 (1983) 1.51. 

S. Rajagopal. S. Vancheesan, J. Rajaram and J.C. Kuriacose. 

J. Moi. Catnl.. 75 (1992) 199. 

S. Rujagopal. S. Vancheesan, J. Rajaram and J.C. Kuriacose. 

J. Mol. Caral.. 81 (1993) 185. 
. I -.... I . 


