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Abstract

The multiphase system, consisting of a biphasic isooctane-aqueous medium, a heterogeneous catalyst, and a quaternary ammonium sal
(Aliquat 336)—a supported ionic liquid catalyst surface modifier—allows efficient hydrodehalogenation under mild conditi@har&0
1atm H). In the reactions of various halogenated benzenes, nitrobenzene, benzonitrile, benzaldehyde in the multiphase catalytic system, the
selectivity of reduction of certain groups (hydrodehalogenation, carbonyl hydrogenation, hydroxyl hydrogenolysis, aromatic reduction) is a
function of the presence of a phase-transfer agent, pH of the aqueous phase, catalyst choice (5% Pd/C, 5% Pt/C or Raney-Ni). The suggeste(
mode of action of the quaternary salt involves the formation of a distinct ionic liquid layer at the catalyst—solution interface, where the reaction
proceeds with alternative selectivity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction peratures and pressures, often in the gas phase, using high
pressure or in continuous floM—6]; alternatively the liquid
Interest for the hydrodehalogenation reaction, i.e. the sub-systems (usually with alcohols) can be used to take advan-
stitution of a halogen atom with hydrogen, accompanied by tage of the better solubility of hydrogen in polar solvents
the formation of the corresponding hydrohalic acid, i.e. [7-10]. However, such systems suffer from very harsh re-
action conditions and, connected to this low reaction selec-
tivity, also concerning the reduction of different functional
groups present in the same molecule. A few recent reports
on hydrodehalogenation of halogenated aromatics under

Ar—X+Hz - Ar-H+4+HX or RX+4+Hz; - R-H+HX

has grown over the past years in view of its potential to
address the problem of utilization of aromatic halogenated id giti d ibe the followi vt )
compounds which represent an environmental and toxico-MM'd conditions describe the following catalytic systems:

logical hazard. One of the advantages of hydrodehalogena—F;tle'lAlZOS dElATI]D Pd/(.:'Eﬁ'\i [127hl 3(1’ P/ C_FtNNsz’HC.I
tion is that it is a reductive approach, which intrinsically [14,15] Q-SiQ; [16], hydrogen transfer using

eliminates the danger common to oxidative methods (in- su(p)ported P(ﬂlf_?](,j_Pd—l\rI]i/C[18]h. h . f red
cluding in particular incineration), i.e. the production of ur recent findings have shown that a variety of reduc-

more toxic compounds (e.g. PCDD/Fs—polychlorinated tion reactions can be carried out under mild conditions
dibenzop-dioxins and dibenzofurans) during the process (generally S0C and atmospheric pressure of hydrogen) in

[1-3]. Hydrodehalogenation can be carried out at high tem- _the multiphase catalytic _system, consisting of a biphasic
isooctane—aqueous medium and a heterogeneous catalyst,
_— ' e.g. Pd/C[19-22] Pt/C[23-25]or Raney-Ni[26,27] This
* Corresponding author. Teh-39-041-234-8642; system affords efficient and quantitative removal of aro-
fax: +39-041-234-8620. matic chlorine, also in polychlorinated substances, which
E-mail address: tundop@unive.it (P. Tundo). g . ’
1 On leave from N.D. Zelinsky Institute of Organic Chemistry of becomes possible in the presence of a quaternary ammo-

Russian Academy of Sciences, Leninsky pr. 47, Moscow 119991, Russia. Nium salt and basic pH with Pd/C or Raney-Ni. Normally,
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Scheme 1. Multiphase environment effect of Aliquat 336 as of supported ionic liquid.

the phase-transfer agents or surfactants, such as varioug-chlorinated benzaldehyde, benzonitrile, and nitrobenzene,
quaternary ammonium salts or PEGs, Brij, etc. (less ef- whose reduction is studied over the commonly used com-
ficient) [21,23,24,26] act as promoters, most commonly mercial 5% Pd/C and 5% Pt/C. An objective is to explore
used is Aliquat 336 (tricaprylmethylammonium chloride), the regioselectivity of hydrodechlorination versus reduction
the well-known phase-transfer agent. Previously we have of the other group, and to see if and how the presence
reported on the applications of this system with Pd/C and of Aliquat 336 in the biphasic system affects reactivity of
Raney-Ni for the rapid and exhaustive dechlorination of a these functions and brings changes to selectivity. Reaction
number of polychlorinated toxicants, such as PGB, of trans-chalcone has been chosen as another model to
dioxins[28], lindane[29], etc. estimate the selectivity of the double bond versus carbonyl
The effects produced by the quaternary salt in the multi- group reductions. In addition, the selectivity of reduction of
phase system can be ascribed to a formation by the latter ofdifferent halogens and their types in polyhalobenzenes, e.qg.
an ionic environment on the catalyst surface where the reac-2-chloro-1-fluoro-4-iodobenzene p-bromochlorobenzene,
tion proceed$30] (seeScheme L As our previous results  p-bromobenzylbromide, and others are discussed.
suggest, the role of Aliquat 336 in the system, rather than Considerations on the selectivity of reduction of dif-
possible colloidal effects, seems to be coordination of the ferent functions in different catalytic systems can shed
substrate in a certain way on the surface or surface modifi- light on the nature and particularities of substrate adsorp-
cation, which renders it more reactive. Besides the hydrode-tion/coordination on the catalyst active site, as the diverse
halogenation reaction, a number of other processes can bensequences of reduction of different functions can be in-
efit from this new environment. The effect by the quaternary dicative of the coordination of the substrate to the active
salt can be different on different group reduction; whereas site with one or another group. The presence of promoters,
promoting reduction of the ones, the others can appear lesssuch as Aliquat 336, is important since these can affect the
reactive or not reactive at all. Owing to this, the multiphase adsorption of the substrate and render one or another group
system represents a tool, which often allows changing the more or less reactive.
selectivity (chemo and regio) of reduction of polyfunction-
alized substrates. Another variable in defining reactivity of
different groups and, therefore, the final selectivity of the 2. Experimental
reaction appears to be the pH of the aqueous phase; whereas
some reactions, like hydrodechlorination, require the basic All the reagents and solvents were ACS grade and
medium, the reduction of others can be more favored underwere used without further purification. 5% Pd/C was from
neutral or acidic conditions. Aldrich, Art. No. 20568-0.5% Pt/C was from Fluka, Art. No.
We have reported previously on the selectivity of reduc- 80982. Raney-Ni (Actimet MM 50% slurry in water) was
tion of p-chloroacetophenonf?5,27] and of some other  from Engelhard (93% Ni and 7% Al, particle size distribu-
(halogenated) aromatic ketonf&2—24] under the multi-  tion of 0-80um, surface area of 70—80%gy). Aliquat 336
phase conditions with Pd/C and Pt/C. It has been shown that(tricaprylmethylammonium chloride) was from Aldrich,
the products, such as dehalogenated ketone, or the correArt. No. 20561-3. GC analyses were performed on a Varian
sponding phenyl or cyclohexyl alcohols, as well as phenyl 3400 using a fused silica capillary column “Chrompack
or cyclohexyl hydrocarbons can all be obtained selectively, CP-Sil 24 CB lowbleed/MS” (30 nx 0.25 mm, film thick-
given the right system composition. ness 0.2pm). GC/MS analyses were performed on an
This paper describes and expands some of the issuesigilent 5976 mass detector coupled to an Agilent 6890N
related to the selectivity achievable in the hydrodehalo- GC with an HP-5MS capillary column (30 m 0.25 mm,
genation and reduction with the multiphase system. The film thickness 0.2fm).
number of polyfunctional substrates is extended to the ones The reactions were run in a 25mL three-necked
having also nitro, nitrile, and aldehyde functions, namely round-bottomed reactor with a water jacket, supplied with a
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tube for hydrogen supply, a water-jacketed condenser, stirred 100+
magnetically at 1000 rpm and thermostated at#5@°C.
Generally, the reaction was started with 10 mL solution
in isooctane of the corresponding substrate (0.7 mmol),
n-decane om-dodecane (0.35mmol) as the GC internal
standard, and, where indicated, 0.103 g (0.26 mmol) of Ali-
quat 336. 5.7mL of the aqueous KOH solution of given
concentration and 0.0455 g of 5% Pd/C, or 0.0837 g of 5%
Pt/C (0.02mmol metal) (3% metal to substrate ratio), or
0.25g of the Raney-Ni 50% slurry (300% metal to sub-
strate ratio) in water were added therein. The reaction was
bubbled with H at atmospheric pressure at 10 mL/min. 1

The samples were collected from the organic phase during 0 2= , -
the reaction at time intervals. The first one was taken just 0 20 40 60 80 100 120 140 160
after the reagents had been loaded and it was considered Time, min.
the zero-time point. About 2QL of the reaction mixture
was taken for each sample, which was then diluted with Fig. 1. Re_du_ction ofp-chlorobenzaldehyde (0.7 mmol) over 5% Pd/C
ethyl ether up to 1-2 mL. Before injection the samples were (0'045_'5 9 " Isooctane-1% aqueous KOH (10mL:5.7mb)) ¢ (4) 2

- i d () 3 (v) 4 (O) 6.
shaken with silica to remove Aliquat 336, and/or filtered to
remove catalyst.

To confirm mass balance, the component concentrationsthatl is converted dominatingly t at the first stage, which
have been calculated by referring their corresponding GC or gives them and6 (seeScheme 2, with the subsequent step
GC-MS total ion peak areas to that of the internal standard, being always faster then the previous one. Formatidisf
using the same calibration coefficient for products as that for rather a side process sin8eloes not disappear from the re-
the substrate, obtained from the zero-time injection. Consec-action even after 2-3 h; the ratio 6fand3 has been found
utively, given no substantial mass loss (no more than 5%), to be 98:2 after 160 min of the reaction.
the component concentrations were normalized to the initial  In the presence of Aliquat 336 the reaction is generally
substrate amount (100%) for convenience. Where graphicalslower and gives predominant§ via the 1 — 2 — 4

data plotted and/or fitted or the rate constants calculated, thepathway Gcheme 2 No formation of3 has been detected.
Origin 6 software was used. It has been reported earlier that the presence of Aliquat

336 and base normally speeds up the dechlorination step
and makes it precede selectively reduction of other func-

80+

60+

40

Composition, %

3. Results and discussion tionalities, in particular that of carbonyl groug5]. Hy-
drodechlorination of monochlorinated aromatics, however,
3.1. Reduction of p-chlorobenzaldehyde over Pd/C appears fast enough even in the absence of Aliquat 336; the

dechlorination step il occurs with a rate similar to that

It is well known that the aldehyde group and aromatic
chlorine reduce easily with hydrogen over Pd or Ni cata-
lysts in the liquid-phase systerfl-34] Depending on the H H
choice of catalyst or other conditions, the reduction of car- 6
bonyl can be carried out either towards alcohols or proceed -
to further hydrogenolysis of the C-O bond. The presented cl
results show how one can choose between different products l l
of the reduction of-chlorobenzaldehyde in the multiphase
reduction system, where the selectivity of the reaction is just HO H HO H
a function of the presence of the quaternary salt, Aliquat
336. -

The reaction ofp-chlorobenzaldehydel) over Pd/C in al 3 4
the multiphase system can proceed with different selectivity l l
depending on the presence of the ammonium salt, Aliquat
336, in the system. In the absence of Aliquat 336 the re-
action gives selectively toluené)((~99%) in a short time 5 @
(1 h). The intermediates, such as benzaldeh®iebenzyl 5 6
alcohol @), andp-chlorobenzyl alcohol3) are formed in the cl

amf)unts not_exc_eeding_ 5% O_f th? initial substrate concen- Scheme 2. Proposed reduction pathwayspahlorobenzaldehyde over
tration. Considering their profiles-ig. 1), one can suggest Pd/C.
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' ' ] of the latter is less favorable, while for dechlorination step

0

100
the flat configuration seems not to be necessary. This is also
80 supported by the absence of carbonyl reductiofi in the
system with Aliquat 336, while the reduction of carbonyl
NS occurs readily in2 in the same reaction. Naturally, in the
g 60+ absence of Aliquat 336, both the reductions of carbonyl and
E= of chlorine are possible it.
2 404
§ 3.2. Reduction of p-chlorobenzal dehyde over Pt/C
20

Whereas the reduction op-chlorobenzaldehyde over
Pd/C affords, first of all, hydrodechlorination, the major-
ity of other homogeneous and heterogeneous catalytic and
_ . non-catalytic systems induce selective hydrogenation of

Time, min C=0 [35-37] Similarly, the hydrodechlorination is sup-
Fig. 2. Reduction ofp-chlorobenzaldehyde (0.7mmol) over 5% Pd/c Pressed in the reaction gkchlorobenzaldehyde over Pt/C
(0.0455 g) in isooctane—1% aqueous KOH (10 mL:5.7 mL) in the presence under the multiphase conditions studied, since Pt/C is nor-
of Aliquat 336 (0.26 mmol).[()) 1; (&) 2; (v) 4; (O) 6. mally less active for removal of aromatic chlorine than
Pd/C. Either with or without Aliquat 336 the first step is the
reduction of the aldehyde group Irto give 3. The presence
of Aliquat 336 also in this case brings a significant change
in the reaction selectivity. The reaction in the absence of
Aliquat 336 proceeds competitively vih & 2 — 4 and
1 - 3 — 5 — 6 pathways (se8cheme }, giving predom-
inantly 3 (60% after 100 min), which then undergoes slower
reduction to5 (found in 10% in the final mixture after 3 h).

T T T

T T T T
0 50 100 150

in the absence of Aliquat 336, and gives around 9092 of
at 20-30 min reaction time, which then undergoes a slower
step of carbonyl hydrogenation #o(Fig. 2). Further reduc-
tion of 4 (hydroxyl group hydrogenolysis) is even slower
and gives only 10% o6 at 175 min reaction time, whilst
70% is4 and remaining 10% is the unreactad

Therefore, the presence of Aliquat 336, though pro-

. . . X o
vokes selective dechlorination versus reduction of carbonyl, Anpther byproduct in the final m|xtur¢ 1 (arou'nd 10./0)’
impedes the successive reduction of carbonyl. Similar while 5 and2 have bgen formed only intermediately |n'the
results have been obtained earlier for the behavior of &MOUNts not exceeding 10% and have not be found in the

other p-chlorinated aromatic ketones in the same system final mixtgre. The reaction profiles suggest that toluene is
[22-25] namely 2- and 4-bromoacetophenones, 3- and fo”fned. via pathwayll—>_ 3 5. — 6 and no_t fromd,
4-chloropropiophenones, and 4dichlorobenzophenone, which is formed as a side terminal product via a parallel

which yield selectively the dehalogenated product (>95%) pathwaﬁl—> 2~ 4and, po§3|b!y, frond at the same time.
in the presence of Aliquat 336 using Pd/C in the multiphase Formation of cyclohexyl derivatives has not been followed,

0 ; .
system Scheme } Otherwise, if no ammonium salt is used but does not exceed 20% of the total yield, as confirmed by

the parent hydrocarbons are the major products (>94%).mass balance (sé€g. 3).
In the present case, the reaction proceeds further, up to

the corresponding alcohol, which means that the aldehyde 100
group appears more reactive than the ketone one under the
conditions studied.

We suppose that adsorption of Aliquat 336 on the catalyst
surface restricts adsorption of the aromatic substrate in a flat
configuration, i.e. with the coordination of the aromatic ring
and the carbonyl at the same time. In this way, the reduction

60+

40

Composition, %

no A336
Q 20
AN R Pd/C

7 KOH %
A336 R 9 ; Y . ; :

- 0 50 100 150

X = 4- Br, 2- Br, 4- Cl, 3- Cl Time, min

R = Me, Et, CgH,4CI

Fig. 3. Reduction ofp-chlorobenzaldehyde (0.7 mmol) over 5% Pt/C
Scheme 3. Selectivity of reduction gfhalogenated aromatic ketones  (0.0837g) in isooctane—1% aqueous KOH (10 mL:5.7 mL)) @; (&) 2;
under multiphase conditions. )3 (w) 4 5 ©O)s.
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Fig. 4. Reduction ofp-chlorobenzaldehyde (0.7 mmol) over 5% PUC Fig. 5. Re_dgction ofp-chloronitrobenzene (0.7 mmol) over 5% Pd/C
(0.0837 g) in isooctane—1% aqueous KOH (L0mL:5.7 mL) in the presence (0-04559) in isooctane-1% aqueous KOH (10mL:5.7mL) in the presence
of Aliquat 336 (0.26 mmol).[0)) 1; () 3; (v) 4 (open symbols, solid lines) and in the absence (solid symbols, dash lines)

of Aliquat 336 (0.26 mmol). M, (J) 7; (A, A) 8; (@, O) 10.

The reaction ofl in the presence of Aliquat 336 appears to Pt/C, respectively

. ) . s and exclusively, i.e., as one can note from
be more selective and less de8is formed with the yield of 4

o e ) the profiles, there is only one intermediate formed in any
90% at 2 of the reaction tim&ig. 4). Its further reduction e The dechlorination rate @fon Pd/C is identical to

proceeds td quite sIowa,_ affording only 10% o after 4 h. that of p-chlorobenzaldehyde (see above) and is not much
No other products and intermediates have been Observeddifferent from that of the following step of nitro group

Surprisingly, in this case the presence of Aliquat 336 plays hydrogenation ir8 (Fig. 5). The presence of Aliquat 336

an opposite role, i.e. impedes hydrodechlorination, Whereasapparently does not much affect the reaction rates: however,

";] mtc))s:]other caseri It |sbknowlzljt%agcglerate it. For e>;]""mpfle’the reaction proceeds faster in its presence mainly due to a
the behavior op-chlorobenzaldehyde is contrary to that o shorter induction period, which reaches up to 15 min in the

p-chloroacetophenone arEchloropropiophenone on Pt/C reaction without Aliquat 336Kig. 5).

_[23,25], Which undergo hydrodechloringtion at the first step In the reaction of7 on Pt/C, instead, the dechlorination

m_the basic system, even more selectively the presence ofStep appears to be faster than in the analogous system with

Aliquat 336. p-chlorobenzaldehyde (see above) and is complete in 1h
] ] (Fig. 6). The reduction of nitro group, which precedes hy-

3.3. Reduction of p-chloronitrobenzene drodechlorination in this case, benefits from the presence of

_ ) ) . Aliquat 336. In addition, also in this case an apparent in-
p-Chloronitrobenzener] is reduced selectively to aniline

(10) over either Pd/C or Pt/C in the multiphase system. As

shown inScheme 4the reaction can undergo two different 1007 T ¢
pathways, namely 7~ 8 — 10, where hydrodechlorination
precedes the hydrogenation of nitro group,7or~ 8 — 80 .
10, where the reduction of nitro group, instead, precedes
hydrodechlorination. ¥ g0 i
According to the corresponding kinetic profiles (see §
Figs. 5 and § these two pathways take place on Pd/C and % 0
g 404 4
g
o] i
O
i _NO» 20 7
NOQ/ 8 § NH»o 0l - e o .00 g i »
L j [ j 80 90 100
cl
7 § NH2/ 10 Time, min
/©/ Fig. 6. Reduction ofp-chloronitrobenzene (0.7 mmol) over 5% Pt/C
cl 9 (0.0837g) in isooctane—1% aqueous KOH (10 mL:5.7mL) in the pres-

ence (open symbols, solid lines) and in the absence (solid symbols, dash
Scheme 4. General proposed reduction pathwaysabfloronitrobenzene. lines) of Aliquat 336 (0.26 mmol).l, () 7; (A, A) 9; (@, O) 10.



Scheme 5. General proposed reduction pathwag-dflorobenzonitrile.

duction period is diminished in the presence of Aliquat 336
(Fig. 6).

Other known reported catalytic and non-catalytic meth-
ods for the reduction op-chloronitrobenzene give usually
p-chloroaniline @) [38—40] Nitrobenzeneg) can be formed
in the system with sodium borohydridél], however with
low selectivity. The full reduction product, aniline, can be
obtained, for example, on Pd/C with formic a¢#?].

3.4. Reduction of p-chlorobenzonitrile over Pd/C and Pt/C

In the reactionp-chlorobenzonitrile 11) hydrodechlori-

nation is always the first reaction step that gives selec-

tively acetonitrile {2) (Scheme h The dechlorination rate
of 11 appears identical to that ptchlorobenzaldehyde and

G. Evdokimova et al./Applied Catalysis A: General 271 (2004) 129-136
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Fig. 8. Reduction ofp-chlorobenzonitrile (0.7 mmol) over 5% Pt/C
(0.0837g) in isooctane—1% aqueous KOH (10 mL:5.7mL) in the pres-

ence (open symbols, solid lines) and in the absence (solid symbols, dash
lines) of Aliquat 336 (0.26 mmol).l, () 11; (@, O) 12.

p-chloronitrobenzene, discussed above, on either Pd or Pt;phisticated systems. Under specific conditions (hydrazinium

the full conversion td2 is reached in nearly 30 min on Pd/C
and in 2h on Pt/C. The reaction profiles df on Pd/C and
Pt/C are presented Rigs. 7 and 8respectively. As for the

monoformate with Raney-Ni), the reduction of nitrile group
in p-chlorobenzonitrile can occur even without dechlorina-
tion [44].

previous substrates, Aliquat 336 does not seem to affect the

hydrodechlorination rate.
The reduction ofll gives 12 as the final product (no

other products have been detected), with the only exception

being the reaction on Pd/C in the absence of Aliquat 336,
which can proceed further to benzylamidg), The latter is
formed with a rate lower than that of hydrodechlorination,
only 30% vyield is obtained in 100 min (séég. 7).

The reduction of the nitrile group in benzonitrile can be
carried out by a variety of methods, e.g. over Ni catalysts
[43], but it usually requires harsher conditions or more so-

1009 @

80

60

40

Composition, %

204

Time, min

Fig. 7. Reduction ofp-chlorobenzonitrile (0.7 mmol) over 5% Pd/C
(0.0455 @) in isooctane—1% aqueous KOH (10 mL:5.7mL) in the pres-

ence (open symbols, solid lines) and in the absence (solid symbols, dash5

lines) of Aliquat 336 (0.26 mmol).l, () 11; (@, O) 12; (A) 13.

3.5. Sdectivity of hydrodebromination of
p-bromobenzylbromide over Raney-Ni

Aromatic versus benzyl hydrodehalogenation has been
studied on the example ptbromobenzylbromide(l) over
Raney-Ni. In the presence of 2% aqueous KOH the reaction
proceeds selectively via the formation pfbromotoluene
(22) (24 was not detected) as intermediate and gives toluene
(23) inthe end (entries 1 and 2 éble 1 see als®&cheme &

In the presence of neutral aqueous phase (water) a mixture
of 22 and23 is formed (entry 3). In the acidic medium (en-
tries 4 and 5) only the benzyl bromine if reduced giv2y

as the only reaction product.

Making comparison of the data reported Table 1on
benzyl and aromatic hydrodebromination rates, one can see
also that in all the systems studied there is a co-catalytic
effect of Aliquat 336 on both the reduction of benzyl and

Table 1
Hydrodebromination op-bromobenzylbromide over Raney-Ni in the mul-
tiphase system

No. System composition First-order rate
constants x10°s™1)

Aliguat 336 Aqueous phase k; ko

1 Yes KOH 2% 0.97 0.152

2 No KOH 2% 0.22 0.04

3 Yes HO 0.1 0.023

4 Yes Buffer pH 4 0.73 0
No Buffer pH 4 0.52 0
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. on the catalyst in a way that favors their reaction. Moreover,

/©/\ _— /©/ the presence of Aliquat 336 seems to create a different re-
Br 2 Br 22 action environment, an ionic liquid in a way (Aliquat 336 is

l ko a liquid ionic salt at room temperature), which can incite a
completely different reaction.
Another important issue appears to be the choice of
gBr the metal catalyst, Pd/C or Pt/C in our case, in defining
24 23 the sequence or regioselectivity of reduction of different
functions in polyfunctionalized aromatics. For example, in
p-chlorobenzaldehyde or ip-chloronitrobenzene dechlori-
nation precedes reduction of the other function over Pd/C
aromatic bromine steps, however its presence does notand vice versa over Pt/C. In connection to this, different in-
change much the selectivity of the reaction (see, for exam- termediates can be formed on different catalysts, even if the
ple, entries 1 and 2, or 4 and 5). final product is the same. Eventually, these products can be
obtained with good yields if running the reaction for a cer-
tain time, namelyp-chlorobenzyl alcohol on Pt/C (yield up

4. Conclusion to 90%), instead of benzaldehyde (up to 95%) or toluene (up
to 100%) on Pd/C in the reaction pfchlorobenzaldehyde.

It has been demonstrated that the presence of a quaterSimilarly, in the reaction op-chloronitrobenzene to aniline
nary ammonium salt, Aliquat 336, in the biphasic catalytic nitrobenzene is formed with the yield of up to 70% on Pd/C,
reduction system with Pd/C, Pt/C, Raney-Ni can affect the while on Pt/C up to 60% op-chloroaniline is formed.
reaction rate and selectivity in different ways. Although the  Aside the effects produced by Aliquat 336 on the reaction
true origin of the effects produced by Aliquat 336 is not rate, regio- and chemoselectivity, another important factor
completely clear, and linked probably to its adsorption on appears to be the pH of the agueous system. The results
the surface, a number of evidences concerning particularon the reduction op-bromobenzylbromide over Raney-Ni
effects by Aliquat 336 on the reduction pathways of several once more affirm the important role of pH in determin-
polyfunctionalized aromatics have been collected, based oning selectivity, where the acidic media totally impedes the
the qualitative analysis of the reaction kinetics. reduction of aromatic bromine, while the benzyl bromide

It has been shown, in particular, that the presence of reacts readily in both acidic and basic systems. The choice
Aliquat 336 can accelerate reduction of certain groups, of pH, therefore, affords choosing betwgghromotoluene
e.g. of aromatic chlorine, though at the same time it can and toluene as products.
impede reduction of other functions, such as carbonyl, hy-
droxyl, and nitrile groups. For example, the reaction of
p-chlorobenzaldehyde on Pd/C can be carried out selec-Acknowledgements
tively to benzaldehyde or, at longer reaction times, to benzyl
alcohol, which dominates over the final reduction product, \We acknowledge the support from the Interuniversity
toluene; the latter is the only product in the system without Consortium INCA http://www.unive.it/inca—Research
Aliquat 336. In the reaction gf-chlorobenzonitrile on Pd/C plan 6 (Use of in situ and ex situ methodologies for the
the reduction of nitrile group, which follows dechlorination, contaminated soil remediation), Italian Ministry of Foreign
is possible only in the absence of Aliquat 336. Affairs, and INTAS 2000-00710 grant. Sergei Zinovyev

In addition, the presence of Aliquat 336 affords an in- thanks the INTAS fellowship YSF-00-138.

crease the reaction regioselectivity, e.g. in the same reduction
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