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Abstract

Hydrogenation of 2-butyne-1,4-diol has been investigated over palladium supported catalysts. It was found that, besides
butane-1,4-diol, side products suclcas andtrans-2-butene-1,4-diol, 2-hydroxytetrahydrofurais- andtrans-crotyl alcohol
andn-butanol were also formed. The hydrogenation of the intermediggesndtrans-2-butene-1,4-diol has been investigated
too. On the basis of the results reported, a reaction scheme for the hydrogenation of 2-butyne-1,4-diol is proposed.

The influence of proton, nature of solvent and carbon support on activity and products distribution has been studied in the
hydrogenation otis-2-butene-1,4-diol. The use of water as solvent shows a better activity and selectivity to butane-1,4-diol
and suppresses the hydrogenolysis reaction more than other solvents used. Addition of proton leads to a major formation of
hydrogenolysis and isomerisation products. A higher activity and selectivity to isomerisation products were obtained on the
palladium catalysts supported on acid modified carbon.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction high pressures (150-300atm) and temperatures
(140-160C). Recently, the use of supported no-
ble metals as catalysts has allowed to perform the

reaction under mild operating conditiofia-6]. Lit-

The catalytic hydrogenation of 2-butyne-1,4-diol
is a process widely applied in the production of

butane-1,4-diol, raw material used in the polymers
industry and in the manufacture of tetrahydrofuran
[1].

The hydrogenation of 2-butyne-1,4-diol has long
been carried out over Ni or Ni-Cu catalysts at

* Corresponding author. Tel:39-965-875256;
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erature data highlighted that, of all the metals studied
for alkyne hydrogenation, supported palladium is
the most active and selectij&]. However, the hy-
drogenation of 2-butyne-1,4-diol shows a complex
reaction mechanism, due to the presence of several
side reactions. The main intermediate of this reac-
tion is cis-2-butene-1,4-diol, which is also a valuable
product used in the synthesis of several insecticides,
as endosulfan, and pharmaceuticals, as Vitamjn B
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Previous papers concerning this hydrogenation over Table 1
Pd/C have been reported and show that the reactionSupport materials used for the preparation of the Pd catalysts

proceeds through two steps: in the first one the hydro- support code SA (Rig) PHsturry
genation leads to formation 0ﬁs—2-butene-1,4-d_|ol . soxi 1100 10.26
that is subsequently reduced to 1,4—but_aned|ol_|n Graphite 3 7.06
the second step. Furthermore, the formation of side c-HNO, 825 5.73
products from cis-2-butene-1,4-diol, such asis C—HCl 931 5.83

andtrans-crotyl alcohol,n-butyraldehyden-butanol,
v-hydroxybutyraldehyde and an acetal, formed >99.9%) was used directly from cylinder for the cat-
by condensation ofy-hydroxybutyraldehyde and alytic experimentstrans-2-Butene-1,4-diol was syn-
butane-1,4-diol, was observed at the complete reduc- thesised by reduction of 2-butyne-1,4-diol with lithium
tion stagg4,8]. The extent of formation of these prod- aluminium hydride in tetrahydrofuran, following the
ucts depends on the reaction conditions and thereforeexperimental procedure reported in the literati®ie
the study of side reactions becomes important. The supports used for the catalysts preparation
In this work, a study on the hydrogenation of Wwere: commercial activated carbon (Chemviron SC
2-butyne-1,4-diol over 0.5% Pd/C in a batch slurry Xll) and low surface area graphite (#4444, Asbury
reactor is reported with the aim to provide addi- Graphite Mills Inc.). The C-HN@and C-HCI sup-
tional experimental evidence towards the possible ports were obtained by pretreatment of activated
mechanism of the reaction. A deeper knowledge of carbon with aqueous solutions of 14.4 M Hjl@nd
the reaction mechanism and the effect of reaction 12.1 M HCI under reflux for 6 h, respectively. After
conditions, in particular on the second step of the treatment the samples were washed with hot distilled
hydrogenation of 2-butyne-1,4-diol, should be con- water several times, filtrated and dried overnight at
sidered in order to address the reaction versus the110°C. Surface area measurements were made by
desired product. So our attention was focused also in BET nitrogen adsorption method at 77K using a
the hydrogenation ofis- andtrans-2-butene-1,4-diol ~ Micromeritics ASAP 2010. The pH of the aqueous
over 0.5% Pd/C, carried out independently. Further- carbon slurry (plury) was measured with a 691
more, the influence of various reaction parameters, Metronm pHmeter, according to the procedure re-
such as acidity of reaction medium, nature of the ported in[10]. Table llists the main properties of the
solvent and carbon supports properties on the activity carbon used as supports. PgCsupplied by Fluka,
and products distribution was evaluated in the hydro- was used as precursor (Pd content 60%).
genation ofcis-2-butene-1,4-diol. The experimental
results obtained have shown that the selectivity to 2.2. Catalysts preparation
butane-1,4-diol strongly depends on the acidity of the
reaction medium, on the nature of the solvent and on  All 0.5% palladium catalysts were prepared by in-
the carbon support used. cipient wetness impregnation method. The preparation
was performed by addition of an acidic aqueous solu-
tion of PAC} in HCI 0.1N to supports. After impreg-

2. Experimental nation, the catalyst was dried at 120 for 2h and
reduced at 150C for 1 h under flowing hydrogen.
2.1. Materials The CO/Pd ratio was measured by CO chemisorp-

tion at room temperature using a pulse flow technique.

2-Butyne-1,4-diol (Aldrich, purity 99%), 2-butene-  Prior to measurement each sample was pretreated by
1,4-diol (Aldrich, predominantlycis, purity 95%), exposure to hydrogen at room temperature for 30 min
ethanol (Fluka, 99.8% analytical grade), tetrahydro- followed by helium purge at 12GC for 1 h. The metal
furan (Fluka, 99.8% analytical grade), ethyl acetate dispersion was calculated assuming a stoichiometry
(Riedel de Haén, 99.7% analytical grade), were em- CO/Pd= 1.
ployed without further purification. Water was dou- The main physico-chemical characteristics of the
bly distilled. Ultra-high purity hydrogen (Multigas, supported catalysts used are reportedable 2
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Table 2 progress of the reaction was followed by analysing a
Main characteristics of the palladium supported catalysts sufficient number of samples withdrawn from the reac-
Catalyst code Pd loading (wt%) Support co/pd  tion mixture. Products analysis was performed with a
PdA 05 scxil 0.10 gas chror_natpgraph (HP model 5890) eqmppeo_l with a
PdB 0.5 Graphite 0.01 flame ionisation detector. The products separation was
PdC 0.5 C-HNG@ 0.06 obtained by a wide-bore capillary column (CP Wax
PdD 0.5 C-HCI 0.08 52 CB, 30m, id. = 0.53 mm). Quantitative analyses

were carried out by calculating the area of the chro-
matographic peaks with an electronic integrator (HP
2.3. Reaction procedure 3395).
Preliminary runs, performed with different amounts

The hydrogenation of 2-butyne-1,4-digis-2-but- of catalyst and different stirring conditions, have
ene_1,4_dio| andrans.z_butene_1,4_dio| was carried shown the absence of external diffusional limitations.
out at 30°C and at atmospheric pressure undeflew
in a five-necked flask of 100 ml, equipped with areflux 2.4. Products identification
condenser and a thermocouple. The reaction temper-
ature was maintained at the constant valit€.6°C) Scheme ldiscussed in details later, shows the reac-
by circulation of silicone oil in an external jacket con- tion intermediates and products of the hydrogenation
nected with a thermostat. The catalyst (150-300 mg) of 2-butyne-1,4-diol. The reactant, 2-butyne-1,4-diol,
was added to the solvent used (25 ml) and reduced in and the reaction productss- andtrans-2-butene-1,4-
“situ” at 50°C for 1 h under H flow. After cooling at diol, cis- and trans-crotyl alcohol, n-butyraldehyde,
the desired reaction temperature, 15 ml of a 0.6 M so- n-butanol, were identified by comparison with stan-
lution of 2-butyne-1,4-diol or o€is-2-butene-1,4-diol dard samples in GC and confirmed using the GC-MS
or of trans2-butene-1,4-diol in the appropriate sol- technique. 2-Hydroxytetrahydrofuran was identified
vent, containing tetradecane as internal standard, wasby comparing the mass spectrum with literature data.
added through one arm of the flask. The reaction mix- Carrying out the hydrogenation in alcoholic medium,
ture was stirred with a stirrer head having a permanent another compound was revealed: a condensation prod-
magnetic coupling at a stirring rate of 500 rpm. The uct of 2-hydroxytetrahydrofuran and ethanol (an ac-

HO,HC—CH;—CH;—CH,OH
butane-1,4-diol

HOHG /' CH,OH HOHG \ H
HOHC—C=C—CHOH —» C=( ——> C=( — > CH—CH=CH—CHOH
2-butyne-1,4-diol H H 4 CHOH  ¢js- and tans-crotyl alcohol
cis-2-butene-1,4-diol  trans-2-butene-1,4-diol

CH;—CH;—CH;—CHO CH;—CH;—CH;—CH,0H

H n-butyraldehyde n-butanol

0
2-hydroxytetrahydrofuran

Scheme 1.
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Fig. 1. GC-MS analysis of 2-hydroxytetrahydrofuran and 2-ethoxytetrahydrofuran, carried out using both techniques of electron ionisation
and chemical ionisation. 2-Hydroxytetrahydrofuran: (a) electron ionisation; (b) chemical ionisation. 2-Ethoxytetrahydrofuran: (c) electron
ionisation; (d) chemical ionisation.
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etal) with structure

[ ]-ocmcm
o -CH,

2-ethoxytetrahydrofuran

This structure was assigned on the basis of the follow-
ing observations:

(i) a like compound is observed only in the pres-
ence of alcoholic solvents, such as ethanol and
methanol, and it is absent in other solvents, as
tetrahydrofuran, ethyl acetate and water;

(i) 2-hydroxytetrahydrofuran slowly transforms into
2-ethoxytetrahydrofuran in ethanol and this reac-
tion becomes faster in acidic ethanol;

(iii) an accurate evaluation of the GC-MS analysis of
2-hydroxytetrahydrofuran and 2-ethoxytetrahy-
drofuran, carried out by both techniques of elec-
tron ionisation and of chemical ionisation and
reported inFig. 1, was made. The mass spectro-
metric analysis of both compounds performed
by using chemical ionisation with isobutane
has not displayed the ion molecular peak (very
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Fig. 2. Hydrogenation of 2-butyne-1,4-diol over PdA catalyst. Re-
action conditionsT; = 30°C, P = 1 atm; solvent= ethanol; ()
2-butyne-1,4-diol; ©) cis-2-butene-1,4-diol; ¥) butane-1,4-diol;
(©) 2-hydroxytetrahydrofuran; %) trans-2-butene-1,4-diol; )

cis- andtrans-crotyl alcohol; @) n-butanol.

2-butyne-1,4-diol over PdA catalyst carried out at
30°C and using ethanol as solvent. Under the experi-
mental conditions used, this reaction proceeds through
two steps. In the first one the half-hydrogenation of
alkyne occurs, resulting in the formation ofs- and

weak), as major peak, but an intense fragment trans-2-butene-1,4-diol with a large predominance of

ion at m/z of 71. This fragment corresponds
to (M—OH)" for 2-hydroxytetrahydrofuran and
(M—OCH,CH3)* for 2-ethoxytetrahydrofuran.
Since the fragmentation pathways of the molec-
ular ion depend on the structure of the molecule,

the cis isomer. However, the highests stereoselec-
tivity was observed at the beginning of the reaction.
The curve of disappearance of 2-butyne-1,4-diol with
time is a straight line up to high conversions, indi-
cating a zero order kinetic. This behaviour has been

the results obtained suggest that both compoundsalready observed in the catalytic hydrogenation of

present similar structures. Furthermore, the frag-
mentation patterns of 2-ethoxytetrahydrofuran,
obtained by electron ionisation, show significant
peaks atn/z of 115(M—H)", 87(M—-CH—-CHz) T,
71(M-OCHCHs)™ which are consistent
with the structure of the acetal assigned. All
these observations confirm the formation of
2-ethoxytetrahydrofuran for which no spectral
data are reported in the literature.

3. Results and discussion
3.1. Hydrogenation reactions

Fig. 2 shows a typical plot products composi-
tion versus time for the hydrogenation reaction of

acetylenic compoundg,11].

In the second step, besides the hydrogenatiaiseof
and trans-2-butene-1,4-diol to butane-1,4-diol, side
reactions leading to double bond isomerisation and hy-
drogenolysis also occur. Such reactions are, in princi-
ple, not surprising due to the easier capability of palla-
dium catalysts to promote hydrogenolysis and isomeri-
sation reactions of alkengk2]. The products observed
are 2-hydroxytetrahydrofurargis- and trans-crotyl
alcohol, n-butanol and 2-ethoxytetrahydrofuran. The
formation of n-butyraldehyde by isomerisation of
crotyl alcohol was found to be negligible. 2-Hydroxy-
tetrahydrofuran is the cyclic hemiacetal of 4-hydroxy-
butyraldehyde. It is well known that the presence of
alcoholic and carbonyl groups in the same molecule
in 1,4 or 1,5 position leads easily to stable hemiac-
etals of five or six members rinfd3]. Then formation
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of 2-hydroxytetrahydrofuran takes place through the
following sequence:

slow 3 fast B fast
(I‘H:—CH=CH—CH3 = C=CH—CH—CH.OH C —CH—CH—CH,0H ————= OH
OH OH OH 0 0
Cis- and trans- 1-butene-1.4-diol y-hydroxybutyraldehyde 2-hydroxy-
2-butene-1,4-diol tetrahydrofuran

2-Ethoxytetrahydrofuran, formed by reaction between
2-hydroxytetrahydrofuran and the solvent, ethanol, is from the direct hydrogenation reactiontodns-2-but-
in equilibrium with 2-hydroxytetrahydrofuran. There- €ne-1,4-diol carried out independently.
fore, for the sake of simplicity, data concerning their ~ On the basis of all these observations a possible
composition are reported together. The second step oc-feaction mechanism for hydrogenation of 2-butyne-
curs after almost all 2-butyne-1,4-diol has been con- 1.4-diolis proposed and reported3gheme 1in order
verted. This is a consequence of the strong adsorptionto get more light on the rate of single paths of the
of 2-butyne-1,4-diol on the active sites of the catalysts Proposed mechanism, detailed kinetic studies will be
as compared to that of the olefin. Butane-1,4-diol was Published in forthcoming papers.
obtained with a yield more than 60% at 30D. In the
literature it is reported tharans alkenes can be ob- 3.2. Effect of the solvent
tained in the hydrogenation of alkynes either as direct
derivative or as a result of isomerisation of this The nature of the solvent influences both products
stereoisomef14]. Our experimental data show that distribution and reaction rate in the hydrogenation of
only a small amount ofrans-2-butene-1,4-diol was  cis-2-butene-1,4-diol, carried out over PdA catalyst
formed when theisisomer is at the maximum compo- at 30°C. The selectivity, calculated at 80% conver-
sition (Fig. 2). This indicates thatis-2-butene-1,4-diol sion, the maximum yield to main reaction products
is the only direct product of the half-hydrogenation of and the specific activity (expressed per atom of palla-
the analogous alkyne, whereas thens stereoisomer  dium on the surface) are reportediiable 3 The rate
is formed fromcis — transisomerisation. of reduction is mainly affected by the polarity of the
In order to obtain more information on the reaction
mechanism, the hydrogenation of the intermediates
cis- andtrans-2-butene-1,4-diol has been carried out
over PdA catalyst. A typical composition-time plot 80
for the hydrogenation of theisisomer, carried out us- 1
ing the same reaction conditions of 2-butyne-1,4-diol,
is reported irFig. 3. Butane-1,4-diol is the main prod-
uct of the hydrogenation with a yield of about 60% at
30°C. The reaction also leads to the formation of the ]
side products, 2-hydroxytetrahydrofuran and, through 20-
cis- andtrans-crotyl alcohol (detectable in the course
of the reaction)n-butanol andn-butyraldehyde. Fur- ol .
thermore, trans-2-butene-1,4-diol is formed with a 0 " 50 100 150 200
selectivity of about 15% at 3GC and 80% conversion Time (min)
(Table 3. However, we should consider that the re-
actantcis-2-butene-1,4-diol contains about 5% of the F19- 3. Hydrogenation of cis-2-butene-1,4-diol over PdA
. L . . catalyst. Reaction conditions7;, = 30°C, P = 1latm;
transisomer §S_|mpurlty. Thetrans-2-butene-1,4-diol solvent= ethanol; O) cis-2-butene-1,4-diol; ¥) butane-1,4-diol;
transforms giving the same products of the analo- (&) 2-hydroxytetrahydrofuran;¥) trans-2-butene-1,4-diol; )
gouscis isomer. This is confirmed by data obtained cis- andtranscrotyl alcohol; @) n-butanol; §) n-butyraldehyde.
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Table 3

Effect of the solvent in the hydrogenation ois-2-butene-1,4-diol over PdA catalyst at 30

Solvent Dielectric  Solubility of Hy r1 (Molyenas T P&s—1)  Selectivity (%) at 80% Maximum yield (%)
constant §)  ((Mol% Hy) x 10)2 conversion
trans2-Butene-1, cis- and Butane-1, 2-Hydroxytetrahydrofuran n-Butanol +
4-diol trans-crotyl  4-diol n-butyraldehyde
alcohol

Water 80.1 0.14 3.73 25.0 - 72.1 24.6 -

Ethanol 25.1 2.06 3.69 15.3 5.8 59.3 23.0 17.5

Tetrahydrofuran 7.5 2.89 2.49 24.2 2.0 62.4 32.2 5.4

Ethyl acetate 6.0 - 1.42 25.6 2.3 65.3 28.6 6.1

aAt 25°C, 1atm[15].
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solvents. In fact, it increases on raising the dielectric periments using 0.01 M ethanolic solutions of LiCl,
constant and it is in the order,@ = CyH50H > NaCl and KCI were performed in order to exclude
THF > ethyl acetate. Conversely, the hydrogen solu- any influence of chloride ion on the rate of the pro-
bility changes in the opposite sense. Similar results in cess. Indeed, in these cases, only a small decrease of
hydrogen reduction processes were already reportedthe rate was observed. Therefore, the experimental
and may be explained on the basis of an easier inter-results display a peculiar behaviour of the solvated
action of H, with the metal catalyst surface as the sol- H™ in decreasing the reaction rate. In principle, such
vent changes from ethyl acetate to wdtes]. More- acidic effect can be due both to a proton interaction
over, water is a better solvent as far as the yield to with the palladium bonded olefin and/or the palla-
butane-1,4-diol (more than 70%) and the activity are dium surface. Although this last possibility cannot be
concerned and gives no hydrogenolysis reaction. On excluded a priori, it is likely that the interaction of
the other hand, tetrahydrofuran and ethyl acetate en-solvated H with the palladium bonded olefin makes
hance the yield to 2-hydroxytetrahydrofuran reducing, more difficult the hydrogenation reaction. However,
in the same time, that to hydrogenolysis deriving prod- even though the overall rate decreases, the selectivity
ucts,n-butanol anch-butyraldehyde. These results are towards the isomerisation and hydrogenolysis prod-
in agreement with the literature data which report that ucts, 2-hydroxytetrahydrofuran and crotyl alcohols,
the hydrogenolysis reaction is unfavoured by less po- increases. Therefore, we infer that isomerisation and
lar solventq17]. hydrogenolysis reactions are less sensitive to the
Generally speaking, the explanation of the solvent proton effect than the hydrogenation process.
effect on the catalytic hydrogenations has always been
a contradicting issue. However, it cannot be excluded
that in our conditions the loss of hydrogenolysis in 3.4. Effect of carbon supports properties
water may depend on a deeper solvolysis of the carbon

bonded OH group. In order to investigate the effect of the chemical
nature of the carbon support on the hydrogenation
3.3. Effect of the proton reaction ofcis-2-butene-1,4-diol, new palladium cat-

alysts were prepared using different modified acti-

Results related to the catalytic hydrogenation reac- vated carbons and a low surface area graphite and
tion of cis-2-butene-1,4-diol in ethanol over PdA at tested in ethanol at 3@. On refluxing the commer-
30°C and at different proton concentrations are re- cial SCXIl carbon in aqueous solutions containing
ported inTable 4 Itis clearly evident from data in this  HNO3; and HCI, respectively, we performed oxidative
table that the activity of the catalyst decreases as theand non-oxidative modifications on the support sur-
proton concentration increases. face with the aim of studying such effect on the cat-

The addition of H leads also to significant changes alytic behaviour of supported palladium. Indeed, these
in the products distribution. On adding, in fact mo- treatments lead to a small reduction of the surface area
lar concentrations 0.01 and 0.1 of HCI, the yield and do not affect significantly the palladium disper-
to butane-1,4-diol decreases about three and sevension (Tables 1 and R Furthermore, they generally re-
times, respectively, in comparison with those calcu- move all impurities (if present) and, in particular, nitric
lated in absence of acid. Inversely, yields to double acid treatment increases the amount of surface oxygen
bond isomerisation and hydrogenolysis products in- groups, especially acidic functional groufks,19]
crease. Furthermore, the formation of a remarkable Table 5lists the initial rate of the reaction based on
amount of isomerisation product of crotyl alcohols, moles ofcis-2-butene-1,4-diol reacted per second and
n-butyraldehyde, was observed. The maximum yield per gram of catalyst and the products distribution. It
of n-butyraldehyde is about 13% on using a 0.1 M appears that PdC and PdD samples, having similar dis-
concentration of HCI. On the other hand, it is reported persion, display an improvement of the catalytic ac-
in the literature that isomerisation and hydrogenol- tivity with respect to PdA. It is reasonable to attribute
ysis reactions are catalysed by acidg]. In order the markedly high activity to a reduction of impurities
to get more light on such important effect some ex- which can act as poison. Moreover, in the case of PdC



Table 4

Effect of the proton in the hydrogenation ois-2-butene-1,4-diol over PdA catalyst, carried out a®B0and using ethanol as solvent

[H30%]add (M) r1 (Molpytenas™* Pds—1) Selectivity (%) at 80% conversion Maximum yield (%)
trans-2-Butene-1, cis- and Butane-1,4-diol 2-Hydroxytetrahydrofuran ~ n-Butanol +
4-diol trans-crotyl n-butyraldehyde

alcohol

- 3.69 15.3 5.8 59.3 23.0 175

0.01 1.65 18.4 14.2 18.7 41.6 38.9

0.1 0.56 13.3 20.9 8.5 49.2 41.7
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Table 5

Effect of the carbon support in the hydrogenationcisf2-butene-1,4-diol, carried out at 3G and using ethanol as solvent

Catalysts CO/Pd  r1; (MOlbytendgrdts1) x 10° Selectivity (%) at 80% conversion Maximum vyield (%)
trans-2-Butene-1,  cis- and Butane-1,4-diol 2-Hydroxytetrahydrofuran n-Butanol +
4-diol trans-crotyl n-butyraldehyde

alcohol

PdA 0.10 3.50 15.3 5.8 59.3 23.0 17.5

PdB 0.01 2.62 325 0.4 41.4 56.5 1.2

PdC 0.06 6.54 26.3 3.0 23.1 66.1 10.7

PdD 0.08 5.33 205 3.8 20.8 66.9 12.3

96T
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catalyst, the increase of surface oxygen groups in the results obtained a scheme of reaction is proposed. The

carbon can give an additional contribution to the activ- effect of the addition of proton, of the nature of sol-

ity [19]. However, no activity comparison is possible vent and carbon support was investigated in the hy-

with PdB, since the catalyst used has a very low dis- drogenation reaction ofis-2-butene-1,4-diol. Water

persion. Furthermore, the massive agglomeration of is a better solvent as far as the activity and the yield

palladium particle in the last case, probably related to to butane-1,4-diol are concerned and precludes any

the very low surface area of the graphite support, pre- hydrogenolysis reaction. The presence of proton de-

cludes any reliable determination of the CO/Pd ratio. creases the reaction rate and enhances the yield to-
As far as the products distribution is concerned, data wards the isomerisation and hydrogenolysis products.

in Table 5show that the yield towards the isomeri- Properties of the carbon support play an important role

sation product, 2-hydroxytetrahydrofuran, is higher on the products distribution.

than that of the analogous palladium supported on un-

treated carbon. In this regard we recall that all supports

used show different acidic characteristics, as assessed€f€rences

from measurement of pliry (Table 9. C-HNG; and

C—HClI supports are indeed more acidic than the com- [1] A.M. Brownstein, H.L. List, Hydrocarbon Process. 9 (1977)

. . : i . 159.
mercial cgrbon gnd _thls contributes to explain the in- (3 1 Fukuda, T. Kusawa, Bull. Chem. Soc. Japan 31 (1958)
crease of isomerisation productsg6% in presence of 339.
PdC and PdD catalysts). On the other hand, the yield [3] R. Del Rosso, C. Mazzocchia, P. Gronchi, P. Centola, Appl.
to hydrogenolysis deriving products;butanol and Catal. 9 (1984) 269.

~ . . _ [4] R\V. Chaudhari, R. Jaganathan, D.S. Kolhe, G. Emig, H.
n-butyraldehyde, is poorly influenced by the pretreat Hofmann, Appl. Catal. 29 (1987) 141.
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