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Abstract

Selective ionic hydrogenation afB-unsaturated carbonyl compounds with alkanes (cyclohexane and others) was previously known to procee
only in superacidic conditions due to the necessity of dicationic, superelectrophilic activation of the enones. In present paper we disdtmse that H-
zeolites with acidity well below superacidity, are able however to induce the reductigf-ainsaturated carbonyl compounds with cyclohexane
in strong analogy to the “parent”, superacid mediated reactions. The probable interpretation of these results in terms of highly electroph
(superelectrophilic) intermediates on the solid is discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [4b,5]) using >2.5 molar excess of Algbr AlBrz promoted
with traces of water (source of protonic acidif@]. Further-
o,B-Unsaturated carbonyl compounds possess two sitesiore, relative 2-naphthol, dihydroxynaphthalenes, 2-quinolinol
which can undergo reduction: the carbonyl group and the adjeand 3-isoquinolinol exhibit similar reactivity in liquid superacid
cent C,C-double bond. While an abundant literature is availabl€F3S0O;H-SbFs (Ho~ —18), as well as in the presence of alu-
on the selective reduction of the carbonyl group, often achievethinum halides, giving practically important 2-tetralones and
with relative ease, the selective hydrogenation of the doublsaturated heterocyclgg. Itis also recognized that the key inter-
bond suffers from the lack of simple methods using practi-mediates of these reactions are superelectrofBilidicationic
cal chemicals. As a rare exception, 1,4-hydrometallation haspeciesA, while monocationic form® are inert Gcheme 1L
been exhaustively studied and recent methods using metallic §®]. This explains the necessity of superacidic conditions. How-
organometallic hydrides are availalpld. In an effort to render ever, from a synthetic point of view, to replace large excess of
this reaction more “eco-friendly” one can also quote catalyticsuperacid by easily regenerable solid acid is obviously desirable
hydrogenation over catalyst grafted on mesoporous materidibr the development of this method of reduction, the interest of
[2] as well as selective reduction using organocatalj®js  which resides in the exceptional selectivity and readily avail-
Among other practical applications, Jacquesy et al. have foundble source of hydride ions (alkane). In a similar context, we
30 years ago thak,B-unsaturated ketones undergo selective reported recently that H-zeolites, sulfated zirconia and Nafion,
C,C-double bond ionic hydrogenation with alkanes (methylcy-despite of comparatively low protonic acidity can be success-
clopentane, cyclohexane) in superacid HF—=S@fo=—20to  fully applied in superelectrophilic activation to initiate some
—25) [4]. As shown later, these and analogous reactions caalectrophilic aromatic substitution reactions, known previously
be performed in milder but still superacidic media (He-18  to proceed only in superacidic conditiofi©]. Worth to note,
the effective excess of acidic sites appeared to be essential con-
dition to provide these results. Inspired by this work, herein
* Corresponding author. Tel.: +33 390241488; fax: +33 390241487. we disclose that H-form zeolites with acidity Ho—6 [11],
E-mail address: wals@chimie.u-strasbg.fr (S. Walspurger). well below superaciditfy4b], are able to induce the reduction
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Scheme 1. Dicationic specidsand their monocationic precursdBsas observed in liquid superacif8j.

of a,B-unsaturated carbonyl compounds with cyclohexane irzeolite afforded the saturated derivatidasc (Table 1 entries
strong analogy to “parent”, superacid mediated reactions. 1-3). The reaction required 13Q providing~15 molar excess

of acidic sites to be carried out in appropriate time, for several
2. Experimental hours. Decreasing of the amount of acid slowed significantly

the reactionTable 1 entry 1). That is in accord with our previ-

Zeolite USY (Si/Al=2.5, CBV500, Zeolyst International) ous observationd 0]. Amidesld—f also underwent the reaction

in NHz* form was activated at 55 overnight under air. undersimilar conditions to giZl—f (Table 1 entries 4-6). What
For quantitative estimation of Broensted acid sites, [4€¢  isremarkable, the HUSY mediated reduction of compouaef
The starting compounda—d and3a—c are purchased. Amides generally appeared even more successful than that in superacidic
le—f are obtained as previous[gb]. All products are known media. On the other hand, the reaction of 2-naphtBa) és
compounds and their analytical data are convincing with thoseell as 2-quinolinol 8b) is notably less efficient, even after pro-

previously reportedb,7]. motion by preliminary saturation of the reaction mixture with
gaseous HCITable 1 entries 7 and 8). The negligible yield of
2.1. Typical procedure productsd4a and4b (<20%) is in accord with relatively poor

reactivity of3a and3b in the presence of aluminum halidgs,

2a: The activated zeolite (0.8 gy3.7 mmol protonic sites), most probably due to reversibility of these reactions (which is
compounda (0.035 g, 0.24 mmol) and cyclohexane (4 ml) werealready known for superacid mediated reaction3a&ind 3b
loaded in 15ml pressure tube. The resulting suspension wagith benzeng7d,14). Compoundda, for example, givesSa
magnetically stirred at 130 for 6 h. After cooling, water (4 ml) in ~30% yield in the presence of HUSY (15 equiv. of acidic
was introduced to the reaction mixture followed by continuoussites) and cyclohexane over 20 h at 280 while no reaction
solid-liquid extractions with ether. The combined organic phas@ccurs when CGlwas used instead of cyclohexane, consid-
was dried (NaSQy) and concentrated to provide the residueered as a source o%E11". This demonstrates some limitations
(0.031 g), which was analysed by NMR to give the conversiorpf the ionic reduction using zeolites, which can be related to
yield of 2a stated inTable 1 The subsequent chromatographic the elevated temperature conditions along with decreased con-
purification (silica gel, benzene/acetone) g2a€0.025 g, 70%)  centration of reactive electrophiles, shifting the equilibrium to
as individual producttH NMR (300 MHz, CDCh): §=2.14 (s,  starting compounds.

3H), 2.76 (t, 2H), 2.89 (t, 2H), 7.15-7.3 (m, 5HB]; 13C NMR It should be also noted, that regioselectivity of reductiodbof
(75MHz, CDCE): §=29.7, 30.1, 45.2, 126.1, 128.3, 128.5, on HUSY is the same as in the presence of Al@lhereas in the
140.4, 20413]. presence of the protonic superacid,sSBPsH-SbF; reduction

The catalyst can be regenerated by filtration from the aqueousccurs on the carbocyclic rif@d]. That may be due to a strong
phase followed by dryness and calcination at30®vithoutloss  involvement of Lewis acid sites in the activation on zeolite, as

of activity. suggested previous[iL0].
Isoquinolinol3e, which is rather reactive towards cyclohex-
3. Results and discussion ane in superacidic conditiorjgc] appeared to be inert in the

presence of HUSYTable 1, entry 9). Moreover, at similar con-
First, the reactivity of model ketonda—c was investigated. ditions 3¢ does not react with (more reactiyéc]) benzene.
Their treatment with cyclohexane in the presence of HUSYPresently we cannot explain this result, which however seems
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Table 1
lonic hydrogenation of compounda—f and3a—c with cyclohexane
0 0 a: R=Ph,Y =CHg;
cyclohexane b:R=Y =Ph;
/\)K - ¢: R =4-CH30CgHy, Y = CH3:
R Y R Y d:R=Ph,Y=NHy;
1a-f e
f:

2af :R= Ph, Y = NEty;
R= 4-CH30C6H4, Y= NH2
H
@Z:\KOH cyclohexane | \‘ Z\fo a:Z=Z=CH;
oz T Q0 7z b:Z=NZ'=CH
c:Z=CH, Z=N
3a-c 4ac
Entry Substrate Product Reaction conditions, referred/studied %Yield Ref.
1 1a 2a AICl3, CHyCl,, 25°C, 1h 18 [6a]
CRSOsH, 25°C, 5h No reaction
CF3SO3H-SbFs, 25°C, 10 min 9
HUSY, 130°C, 6 i 83, 7¢¢
HUSY, 130°C, 15 58
HUSY, 130°C, 15f gb
2 1b 2b HUSY, 130°C, 517 8P
3 1c 2¢ AlCl3, CHyCl,, 25°C, 3h 85 [6a]
CF3SO3H-SbFg, 25°C, 5min 80
HUSY, 130°C, 6 I 9gP
4 1d 2d AICl3, CHyCl,, 25°C, 1h £ [6b]
HUSY, 130°C, 50 i 67
5 1le 2e HUSY, 130°C, 24 1 509
6 1f 2f AICl3, CHyCl,, 25°C, 7h 78 [6b]
CRSQzH, 25°C, 3h £
HUSY, 130°C, 40 i 91P
7 3a 4a AlCl3-HCI, CH,Cly, 25°C, 7h 19 [7a]
HUSY, 130°C, 60 " 109
HUSY/HCI, 130°C, 18h 209
8 3b 4b AlCl3, 90°C, 24 h 80 [7d]
HUSY, 130°C, 20 " 79
HUSY/HCI, 130°C, 18h 159
9 3c 4c AlCl3, 90°C, 3h 67 [7c]
HUSY, 130°C, 20 " No reactioh

HUSY/HCI, 130°C, 40 "

The comparison of HUSY and superacid mediated reactions
2 The molar ratio of HUSY acid sites and substrate 5:1, respectively.
b Conversion yield, based diti NMR data.
¢ Isolated yield.
d The molar ratio of HUSY acid siteki is ~6:1.
€ The molar ratio of HUSY acid siteld is ~ 3:1.
f Complex mixture.
9 Significant recovery of starting material was observed.
' No changes for the longer reaction time.
i Recovery of starting material after workup with aqueous HCI followed by neutralisation witB®sand extraction with chloroform.

to be connected with comparatively high basicity3of close = complex series of oligomerization, rearrangement, cracking and
to that of pyridine. For example, we have found, that relativelyhydride transfer reactior{46]. For the relevant example, con-
basic 8-hydroxyquinoline and 3-pyridinecarboxaldehyde, easilgerning ionic reduction of benzaldehyde with cyclohexane on
producing dicationic speciesin superacids and thus reacting witHUSY see als¢15b].
cyclohexane and aromatif3c,15]are also inert in the presence  Monocationic species such BShave been observed in zeo-
of HUSY. lites by NMR when the equimolar ratio of acidic sites/carbonyl
The difference between superacid and HUSY mediated reacubstrate was providgtl1l]. Nevertheless it has also been shown
tions is the production of stoichiometric amount of isomericunder superacidic condition that the electrophilicity of this type
alkanes, @H>2 (in result of cyclohexane alkylation by the of monocations is not sufficient to abstract a hydride from cyclo-
released gH11" [6,7]) in former reactions. The absence or neg-hexand9]. For this reason we suppose that, under our conditions
ligible presence of these alkanes in reaction mixtures in the cagbe reactivity of these ions is further enhanced via protosolva-
of HUSY mediated reactions can probably be explained by quickion or complexation in the confined space of the zeolite (species
deprotonation of gH11* to give cyclohexene followed by a A’, Scheme 2[17]. The nature of the binding of cations to the
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Scheme 2. Mechanistic proposal.

zeolite structure has been investigated recently by Tuma and (b) G.A. Olah, G.K.S. Prakash, J. Sommer, Superacids, Wiley, New
Sauef18]. York, 1985.

In this connection it should be stressed, that the suggesteéP) ((";)gg'?)xzéet_’“' Barich, P.D. Torres, J.F. Haw, J. Am. Chem. Soc. 119
mephanlsm cannot be ;upp/orted by dlrectspectrosqoplp obser- (b) G.P. Smith, A.S. Dworkin, R.M. Pagni, S.P. Zingg, J. Am. Chem.
vation of protosolvated ion&” due to both their short life time Soc. 111 (1989) 5075, and references cited.
and low concentration. Real dications suchAagScheme } [6] (a) K.Yu. Koltunov, I.B. Repinskaya, G.I. Borodkin, Russ. J. Org. Chem.
could only be observed as long living species in extremely acidic 37 (2001) 1534;

HF(HSOsF)-SbE—SOCIF systems at80 to—40°C [9]. Nev- Egé&;(lioggltunov, S. Walspurger, J. Sommer, Eur. J. Org. Chem. 19
ertheless, the scope of .presently qvallable results including th%] (a) K.Yu. Koltunov, L.A. Ostashevskaya, |.B. Repinskaya, Russ. J. Org.
data for superacid mediated reactions as well as the data from " chem. 34 (1998) 1796;

[10] suggests the involvement of intermediatesas the best (b) L.A. Ostashevskaya, K.Yu. Koltunov, I.B. Repinskaya, Russ. J. Org.

rationale of the found reactivity. Chem. 36 (2000) 1474;
(c) K.Yu. Koltunov, G.K.S. Prakash, G. Rasul, G.A. Olah, J. Org. Chem.

67 (2002) 8943;

4. Conclusions (d) K.Yu. Koltunov, G.K.S. Prakash, G. Rasul, G.A. Olah, Heterocycles
_ _ 62 (2004) 757.
In conclusion, we have shown that a variety efg- [8] (@) G.A. Olah, Angew. Chem. Int. Ed. Engl. 32 (1993) 767;
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reduced with cyclohexane in the presence of a solid acid, HUSY- ~ Chem. Rev. 103 (2003) 229;
(c) G.A. Olah, D.A. Klumpp, Acc. Chem. Res. 37 (2004)

zeolite. That presents a new remarkable example of the unusual 57;
catalytic ability of the solid acid which, despite of comparatively [9] For generation of some long-living dications A (X=H) in superacids
low protonic acidity is able to perform reactions only expected  and/or theoretical estimation of their electrophilicity, see;

to occur under superacidic conditions. (a) 1.B. Repinskaya, K. Yu oltunov, M.M. Shakirov, V.A. Koptyug, J.
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