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Abstract—4-Methyl-3-penten-2-one, 3-hepten-2-one, 3-methyl-1-phenyl-2-butenel 4-(2,4-dichloro-
phenyl)-, 4-(4-hydroxyphenyl)-, 4-(4-methoxyphenyl)-, 4-(2-hydroxyphenyl)-, and 4-(4-dimethylaminophenyl)-
3-buten-2-ones, and 3-(4-methoxyphenyl)-1-phenyl-2-propenone react with cyclohexane in the presence of
excess aluminum chloride or aluminum bromide in CH or CH,Br,, respectively, at room temperature to

form the corresponding saturated ketones in high yields. Using 4-phenyl- and 4-(4-methoxyphenyl)-3-buten-
2-ones as examples, it was shown that the reaction pattern does not change in going from the Lewis acids
AICl; and AlBr; to proton-donor acid system GEO;H-SbF. The reactive intermediates are likely to be
C-protonated complexes of B-unsaturated ketones with aluminum halides or their O,C-diprotonated analogs.

In continuation of our studies on acid-catalyzedaluminum halide taken). In all cases the reactions
reactions of unsaturated compounds with weak nuclemccurred at room temperature (Scheme 1).
philes we turned our attention to the reaction of 4-Methyl-3-penten-2-ondd), 3-hepten-2-onell§),
a,B-unsaturated ketones with alkanes. With 4-methyland 3-methyl-1-phenyl-2-buten-1-ondc) were
3-penten-2-one l§) as an example we previously smoothly reduced to 4-methyl-2-pentanondal,
demonstrated the possibility for hydride reduction of2-heptanonelib), and 3-methyl-1-phenyl-1-butanone
enones with alkanes in the presence of Lewis aciddic) in 65, 70, and 95% yield, respectively (Table 1).
[1]. The reaction occurred under mild conditions andt is seen that replacement of the methyl group in the
resulted in formation of 4-methylpentan-2-one incarbonyl moiety of enonda by phenyl (c) has no
a good yield. Caustaret al. [2] reported on the reduc- appreciable effect on the reactivity. However, com-
tion with methylcyclopentane of a double bond con-parison of the reaction conditions for compoultd
jugated with a carbonyl group in some steroid com-on the one hand, and enonksandIc, on the other,
pounds in the superacid system +8bF,. The goal shows an appreciable effect on their reactivity of the
of the present work was to examine the reaction otructure of the olefin fragment.
a,B-unsaturated ketones with alkanes in the presence The main pathway of the above reactions is hydride
of aluminum halides. We studied the effect of theion transfer from cyclohexane to the substrate, which
reaction conditions, substrate structure, and nature ¢dads to hydrogenation of the double carboarbon
the medium; the structure of the reactive intermediateéond. The presence of a phenyl group in the olefin
was also considered. moiety gives rise to a number of side processes. In the

The reactions ofa,B-unsaturated ketones were reaction of 4-phenyl-3-buten-2-onédj with cyclo-
carried out with excess cyclohexane and Lewis acifiexane in the presence of aluminum chloride (reaction
(aluminum chloride or bromide), using methylenetime 1 h) we obtained a complex mixture of products.

chloride or bromide as solvent (depending on théiccording to the GEMS data, this mixture contained
4-phenyl-2-butanonél@l ), products of its mono- and
* For preliminary communication, see [1]. dialkylation with Gs-cations, ketoneslll and IV

™ This study was financially supported by the Ministry of (which were formed as a result of elimination of

General and Professional Education of the Russian Federflydride ion from cyclohexane), and 4@ phenylene-
tion (project no. 164/97) and by thintegratsiya Federal ~ bis(2-butanone) \(). The ratio lld :1lI :IV :V was
Special-Purpose Program (project no. A0051). 2.3:1:2.3:6.3. Keton& was isolated from the mix-
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Scheme 1.
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R' = CH,, R = H, R* = 2,4-CLCH, (6); R* = CH,, R* = H, R® = 4-HOGH, (f); R* = CH,, R? = H, R® = 4-CH,0C,H, (9);
R' = CH,, R* = H, R® = 2-HOGH, (h); R* = CiHs, R? = H, R = 4-CH,OC;H, (i); R' = CH,, R = H, R® = 4-(CH;,),NCH, (j).
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ture in the pure form. Presumably, it was formed bythe aromatic ring. The results of our experiments
reaction of ketondld with enoneld [4] and subse- were in full agreement with the above expectations.
quent elimination of phenyl group from the condensa4-(2,4-Dichlorophenyl)-3-buten-2-onde) was
tion product [5] and further hydrogentation of thesmoothly reduced with cyclohexane in the presence of
elimination product (Scheme 2). excess aluminum chloride, yielding 87% of 4-(2,4-di-
It was reasonable to expect that introduction intcchlorophenyl)-2-butaone. Enones having phenyl
the phenyl group of the olefinic moiety of enone ofgroups with substituents which can be modified via
an electron-acceptor substituent or a substituertomplex formation behaved similarly. 4-(4-Hydroxy-
capable of being converted into electron-acceptor onghenyl)-3-buten-2-onelf(), 4-(4-methoxyphenyl)-3-
via complex formation with aluminum halide (OR, buten-2-one I§), 4-(2-hydroxyphenyl)-3-buten-2-one
NR,, etc.) should hamper undesirable alkylation of(lh), and 3-(4-methoxyphenyl)-1-phenyl-2-propenone

Table 1. Reduction ofa,pB-unsaturated ketonda-lj with cyclohexanone in the presence of aluminum halides at room
temperature

Initial compound Product Acid system Reaction time, h Yield, %
la lla AICl5, CH.CI, 1 652
Ib lib AlBr;, CH,Br, 40 70°
Ic lic AICl5, CH.CI, 3 95
Id lld AICl5, CH.CI, 1 18
le lle AICl5, CH.CI, 30 87
If [If AICl5, CH.CI, 15 95
Ig llg AICl5, CH.CI, 3 90
Ih lth AlBr;, CH,Br, 3 60"
li [ AICl5, CH.CI, 3 95
lj Ij AIBr;, CH,Br, 135 97

a

With pentane as reducing agent the reaction time was 48 h; yield 64%; conversion 78%.

In the presence of AIGI(CH,CI,) the reaction time was 102 h; conversion 25% (according to the NMR data).
A complex mixture of products was obtained (see text).

The reaction in the presence of AlCWas accompanied by intramolecular cyclization of the substrate [3].

o

[=%
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Scheme 3.
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(li) were thus reduced to 4-(4-hydroxyphenyl)-2-isomers. In none of the cases products of reduction
butanone I(f ), 4-(4-methoxyphenyl)-2-butanonBg),  of the carbonyl group to hydroxy were found (cf. [8]).

4-(2-hydroxyphenyl)-2-butanonélt{ ), and 3-(4-meth-  Our results indicate that aluminum halides effec-
oxyphenyl)-1-phenyl-1-propanondi() in 95, 90, 60, tively catalyze ionic hydrogenation of the double
and 95% yield, respectively. The complete reductiotarbon-carbon bond ina,p-unsaturated ketones,
of 4-(4-dimethylaminophenyl)-3-buten-2-ondj )(in  except for the substrates containing in the olefinic
the presence of aluminum bromide required keepingnojety an unsubstituted phenyl ring or a phenyl ring
of the reaction mixture for a long time (135 h), andhaving donor substituents. The high catalytic activity
the yield of 4-(4-dimethylaminophenyl)-2-butanoneof aluminum halides makes it possible to perform the
(1j) was almost quantitative (Table 1). process at room temperature, attaining complete trans-
The use of a cyclic alkane for reduction @f3-un-  formation of the substrate. Taking into account that
saturated ketones is not necessary. The reaction catkanes are among the most accessible organic raw
also be effected with an acyclic alkane. For examplemnaterials, the reaction under study seems to be pro-
enonela was reduced with pentane in the presencenising from the practical viewpoint as a convenient
of aluminum chloride at room temperature. After 48 h,method of reduction of the double < bond in
the yield of ketonella was 64%, the conversion of enones, which is more advantageous than the other
enone la being 78%. methods [9].

Apart from saturated ketones, the reaction mixtures Another important aspect of the present study is
in all cases contained isomeric hydrocarbons of théhe way of transformation o#,B-unsaturated ketone
general formula ¢H,,. These products were formed into a superelectrophilic species capable of abstracting
by reaction of G-cations with GH,, cycloalkanes hydride ion from alkane. Like saturated ketones,
(cyclohexane in acid medium exists as an equilibriunenones could readily give complexes of typewith
mixture with methylcyclopentane, and cyclohexylaluminum halides (Scheme 3, Y = Milgs,,) [10, 11].
cation, with methylcyclopentyl cations [6, 7]). In the Such complexes are structurally related to O-protonat-
reaction mixture obtained from compourdd and ed ketonesA (Y = H) which could be formed con-
cyclohexane we detected (by &&S) 11 C.,H,, currently to complex formation, taking into account

Scheme 4.

CF,SO;H CeHyz
CH3—C—CH=CH4©—R —_——
R=H
0
I CF3S03H—SbF5, CgHy,
CH3—C—CH=CH—<: :)—R Py Mixture of products

Id, Ig

CF,S0,H—SbF;, CoH,,

IIg
R=0CH;

Id, R = H; Ig, lly, R = OCH,
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Structures of dication€E-1 and E-2 optimized by the MNDO/PM3 method. The bond lengths are giverAin

the presence in the reaction mixture of trace amounisnhanced acidity [14]. They were assumed to be inter-
of a strong protic acid and the low basicity of enonesnediates in reactions of naphthols and naphthyl ethers

(pKgy+ ranges from-5 to -7 [12]). with nonactivated arenes and alkanes [15, 16].
However, the electrophilicity of carboxonium ions,
and probably of the enone complexes, is insufficient OH (CHj)

to abstract hydride ion from alkanes [8, 11]. The same OH (CHy)
also follows from the results of our experiments with O‘
enoneld and cyclohexane in strong protic acids.

According to the'H NMR data, enonéd in CF,SO;H R R

(Ho = -14.1 [7]) at 23C undergoes complete protona- Vil Vi

tion at the oxygen atom to give oWl of type A
(R' = C4Hs, R? = R® = CH,, Y = H), which does not
react with cyclohexane for at least 5 h. Addition of

Probably, aluminum halides give rise mainly to
a similar kind of activation, namely complex forma-
; tion between aluminum halide and enone and sub-
tSbEIS' to a CF3SO3H_be.F5 ”}OI"’I‘; Iratlo_ of tl.lMLegds sequent C-protonation of the complex, leading to
O disappearance of signais belonging 1o 1en In gy ctyrally analogous intermediate dicationic species

10 min. After appropriate treatment, the reactionB (Y = Al Hig,, Scheme 3). In both cases, super-

trﬂlxture \t/yas |(;I|3nt|c_<'t:1rll to trallwt obtained tﬁrewously Nelectrophilic intermediat® abstracts hydride ion from
€ reaction ofid with cyclohexane In the preésence g, ane - yielding cationC. The latter is converted

of aluminum chloride (see Experimental). Likewise,; ; ;
enonelg in the acid system GISOsH-Sbf (molar :IC;[IOI‘I ﬁ;c;grell on treatment of the reaction mixture
ra#iodz_:l)kat chl: quickly reacted Wi}g csycrl10hexei1ne, EnonesI;‘—Ij containing OH, OCH, and N(CH),
affording ketondlg in guantitative yield (Scheme 4). groups in the benzene ring could be activated addi-

Thus, superacidic mediuntif < -14.1) is required - onay via protonation or complex formation of

for ionic hydrogenation ofo,B-unsaturated ketones, | o\is"acid at the above groups, which should enhance

. . Othe electrophilicity of ions thus formed. For example,

nium ion is necessary. We believe that in the présengg e requction of enondg the superelectrophilic

Oof Ca dPrOtt'C atmg suchBaYsu_p?_Irelgct}:ophn% m‘?h/ b§htermediate may be C-protonated form coordinated
~-diprotonated enon (Y =H, Cheme ).' € to aluminum halide through both oxygen atoms or

possibility for formation of such cationic species Wasanalogous tricationic specieB

demonstrated by us previously using low-temperature '

'H and*3C NMR spectroscopy with enonds andId

as examples in the acid system +8#bFR-SO,FCI. ﬁ—Y Y
Therefore, O,C-diprotonated forms aff3-unsaturated CH3—C—CH2—6H4©76/
ketones were postulated as reactive intermediates in \CH3
the reactions with arenes [13]. Structurally related D

dicationic species were observed previously for 1- and
2-naphthol derivatives and the corresponding methyl Ohwadaet al. [16] proposed an alternative path
ethers (structures/Il and VIII') in media with of superelectrophilic activation of,p-unsaturated
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Table 2. Calculated (MNDO/PM3) heats of formationK;), charges on atoms, and energies of the frontier molecular
orbitals of dicationsE-1 and E-2

Dication | AH;, kcal/mol | syomor €V | sLumo: €Y O, 0, O3 o do
E-1 430.7 -17.93 -10.44 -0.226 0.434 -0.183 0.154 -0.085
E-2 458.5 -17.78 -10.64 -0.133 0.023 -0.080 0.093 0.043

enones in reactions with another weak nucleophileG 1081-A system consisting of an HP 5890 Series |l
benzene, in the acid system {FO,H-SbF, [16]. gas chromatograph and an HP 5971 mass-selective
The reactive intermediates were assumed to be dicdetector; energy of ionizing electrons 70 eV; HP-5
tions formed by addition of two protons to the enonecolumn, 30 mx0.25 mmx0.25 pm, 5% of biphenyl
oxygen atom [16]. However, the formation of suchand 95% of dimethylsiloxane; carrier gas helium,
species was not confirmed experimentally [11, 16]1 ml/min; oven temperature programming from°60
Probably, the dications are present in acid medium g2 min) at a rate of 1%/min to 28GC (5 min);

a very low equilibrium concentration or fast exchangdnjector temperature 28C; ion source temperature
with the medium occurs. The participation of 0,0-di-173°C. Quantum-chemical calculations were per-
protonated forms of enones in reactions with wealformed by the MNDO/PM3 procedure [17] with full
nucleophiles can be substantiated on the assumpti@gometry optimization using HyperChem 5.02 soft-
that they are stronger electrophiles than the correvare. The progress of reactions was monitored by
sponding O,C-diprotonated species. To verify thisl LC 'on'SllufoI UV-254 plates; spots were visualized
assumption we performed MNDO/PM3 quantum-W'th iodine vapor or under UV light; eluent hexa_cne
chemical calculations [17] of the dications derivegethyl acetate, 5:1. Ketondth, lic, lle, Ili, andllj

from enoneld via protonation of the O and C atoms Were isolated by column chromatography on silica gel
(structureE-1) and double protonation of the oxygen USing hexaneethyl acetate, 10: 1. Aluminum bromide
atom E-2). The calculation results are presented ! @nalytical grade and aluminum chloride and tri-
Table 2, and figure shows the optimized geometrie uoromethanesulfonic _aC|d from Merck were used.
of dications E-1 and E-2 (some bond lengths and CYclohexane of chemically pure grade and reagent-
bond angles are also given). Unlike dicatign1, drade methylene chioride and methylene bromide
the carbon and oxygen atoms in structi@e lie in Were distilled prior to use. Antimony pentafluoride
one plane. DicatiorE-1 is more stable thak-2 by was distilled under atmospher_lc pressure in a stream
28 kcal/mol. The energies of the lowest unoccupie pf argon. Enon?a was synthesized by self-condensa-
molecular orbitals € ;o) are fairly similar. Taking UON Of acetone; enondb, Id, le, Ig, Ih, andlj were
into account the higher stability of dicatidg-1 and Prepared by condensation of acetone with butanal,
the greater positive charge off @erein, its formation Penzaldehyde, 2.4-dichlorobenzaldehyde, 4-methoxy-

as reactive intermediate is more probable than thBenzaldehyde, 2-hydroxybenzaldehyde, and 4-(di-
formation of E-2. methylamino)benzaldehyde, respectively, in the pres-

ence of a 10% solution of NaOH [18]. Enohewas
synthesized in a similar way by condensation of aceto-
phenone with 4-methoxybenzaldehyde. Compotind
The 'H and *C NMR spectra were recorded onWas obtained by demethylation ¢§ (a mixture of
a Bruker DPX-250 spectrometer at 250.13 MHz forld and aluminum bromide at a molar ratio of 1:3
'H and 62.9 MHz for'3C. The chemical shifts were in CH,Br, was kept for 5 h at room temperature [19]).
measured relative to the solvent signals (CPCI Enonelc was synthesized by bromination of 1-phenyl-
8 7.28 ppm andd. 76.9 ppm). The chemical shifts 3-methyl-1-butanone with bromine and subsequent
of cationic species in acid solutions were measuredehydrobromination with 1,8-drabicyclo[5.4.0]un-
relative to tetramethylammonium tetrafluoroboratedec-7-ene [18].
(6 3.2 ppm). Gas chromatographioass spectrometric  4-Methyl-2-pentanone (lla). a. A suspension of
analysis was performed using a HewleRackard 15 g (0.15 mol) of enonda, 27 g (0.2 mol) of
aluminum chloride, and 15 g (0.17 mol) of cyclo-
" The authors are grateful to L.M. Pokrovskii for carrying out hexane in 40 ml of CKCl, was stirred for 1 h at room
the GG-MS analysis. temperature. The mixture was poured onto ice, the

EXPERIMENTAL
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products were extracted into ether, and the extrad43 (46.6), 131 (98.5), 117 (100), 105 (3.3), 91
was washed with water and dried over MgS®y  (72.5), 83 (35.2) [GH;4], 55 (31.8) [CHCOCH,],
distillation we isolated 10 g (65%) of ketonka; 43 (91.5) [CHCO], 41 (15.3). Mass spectrum of
the 'H NMR spectral parameters of the product coinketonelV, m/z (1., %): 312 (71.6)M*, 187 (58.0),
cided with those reported in [20]. 171 (51.7), 161 (14.9), 143 (11.7), 141 (12.2), 129.1

b. An analogous experiment was carried out with(45.7), 115 (15.2), 105 (36.4), 91 (25.2), 83 (100), 55
the same amounts of enote and aluminum chloride (62.5), 43 (41.3) [CHCQ], 41 (23.5). Mass spectrum
and 37 g (0.35 mol) of pentane. The mixture waf diketoneV, vz (I, %): 218 (13.7M", 175 (0.5),
stirred for 48 h at room temperature and was the M-CH;COJ', 160 (31.5), M-CH;COCHy+, 117
treated as described above and analyzed by GL 100), 91 (115), 43 (59.3) [C4TO].

The conversion of enonk was 78%, and the yield  The residue (see above) was distilled under reduced

of ketonella was 64% on the reacted enone. pfeStSlIJIFG-dA,tffaCtiOS_kW:th él;p 1244255%0 C(:3 (fmm)
2-Heptanone (Ilb). A solution of 0.5 g (4 mmol) Cfystalized, It was Giketond/, mp - (from

of enonelb, 3 g (10 mmol) of aluminum bromide, etrllgnol) [21]. , C NMR §pectrum,6C, ppm. 29;.,03

and 2 g (20 mmol) of cyclohexane in 5 ml of GBt, (CY), 29.28 (C), 44.67 (C), 128.03 (C, C°, C°, CY),

was kept for 40 h at room temperature. The mixturé.38.44 (C, C%, 203.0 (G=0).

was poured onto ice, and the organic layer was b. An NMR ampule was charged with 0.75 g

washed with a solution of sodium carbonate and0.005 mol) of CESO;H, 26 mg (3 mmol) of cyclo-

water, and dried over MgS§QOThe organic solution hexane, and 30 mg (2 mmol) of enohg. The H

was carefully evaporated, and the residue was sulNMR spectrum of the solution showed the presence

jected to chromatography. We isolated 0.36 g (70%9f O-protonated enonkdl, 5, ppm: 3.02 s (3H, Ck),

of ketonellb . The'H NMR spectrum of the product 7.44 d (1H,=CHCO,J = 15.3 Hz), 7.67 t (2H, 3H,

coincided with that reported in [20]. \(]2’:H7'7J7 HZ7)’87'E|6)t (§|;84|; (31; 7'C2:3H|_C|§|)—’| 8-83 d
3-Methyl-1-phenyl-1-butanone (lic). A s n- o J o= Z), ©.96 — 5 Y =

sion of lé (O.F())OG )r/nol) of enonte:,(z 2; (0.01??7?0') 15.3 Hz). The spectrum did not change after keeping

of aluminum chloride, and 3 g (0.035 mol) of cyclo- the acid SO!UtIOﬂ fpr 5 hat 28,

hexane in 15 ml of CkCl, was stirred for 3 h at __T0 the acid solution we added 1.1 g (0.005 mol) of

room temperature. The mixture was poured onto ice>PFs and the mixture was stirred and, 10 min after,

and ketonellc was isolated as descriped ab(ixa/e forﬁ\?gr?a?hgrm(;nig et'heT Z%I\zﬁ? rgﬁdp\?ﬁné’v iﬁfg&ﬁ?ﬁ
. 0 )
compoundilb . Yield 0.97 g (95%). ThéH and **C were distilled off to obtain 35 mg of the residue

NMR spectra of the product coincided with thosewhich according to the GQVS data, contained
of an agthentlc sample.. C,,H,, hydrocarbons, ketoned, Il , and IV, and
Reaction of enone Id with cyclohexanea. A sus-  diketoneV; yield 9, 5, 2, and 84%, respectively.
pension of 1.46 g (0.01 mol) of enond, 6 9 4.2 4-Dichlorophenyl)-2-butanone (lle). A sus-
(0.045 mol) of aluminum chioride, and 5 g (0.06 mol)pensﬁo’n o 03 gp(o.o%)l mol) of enérie), 0.75 g

of cyclohexane in 25 ml of Cg(:lz_was stirred for (9 006 mol) of AICkL, and 1 g (0.012 mol) of cyclo-

1 h at room temperature. The mixture was pouregexane in 10 ml of ChkCl, was stirred for 30 h at
onto ice and extracted with ether. The combinedoom temperature. It was then poured onto ice and
extracts were dried over Mg§Gand carefully  extracted with ether, and the extract was washed with
evaporated, and the residue (2 g) was analyzed Qyater and dried over MgSQThe solvent and gH,
GC-MS. It contained hydrocarbons of the generahlkanes were carefully distilled off, and the residue
formula C;H,, (total of 11 isomers), ketone&d , Ill ,  was subjected to chromatography. We isolated 0.26 g
IV, and diketoneV; yield 18.6, 5.4, 9, and 67%, (87%) of ketonelle. M* 216.01115 (GyH,,Cl,0).
respectively. Ketonéld was identified by comparing 1, \VvR spectrum, ppm: 2.16 s (3H, CH), 3.62 m

its mass spectrum with that of an authentic sampleis1 4 cH.) 7.15 br.s (2H. 5H. 6-H). 7.36 br.s
isomeric G,H,, hydrocarbons and ketonell -V eElH, 3,_|:|2). 1322:’ NMR specgcrun,mc ’ppm:),27.03 %

were identified by analyzing their mass spectra. a @ & &
Mass spectrum of one of the,{H,, isomers,m/z 298 (C), 42.77 (C), 127.02 (C), 129.14 (C),

(I, %): 166 (70.8)M*, 151 (58.6), 137 (0.4), 123 131.34 (C), 132.5 ('), 134.35 (C), 137.05 (C),
(0.37), 109 (31.1), 95 (90.4), 81 (100), 67 (53.9),207.03 (G=0).

55 (42.5), 41 (32.0). Mass spectrum of ketole, 4-(4-Hydroxyphenyl)-2-butanone (lIf). A suspen-
m'z (I, %): 230 (83.8)M*, 172 (99.7), 157 (15.0), sion of 0.1 g (6 mmol) of enonk, 0.33 g (0.002 mol)
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of aluminum chloride, and 0.8 g (0.009 mol) of cyclo- 2.

hexane in 5 ml of CHKCI, was stirred for 15 h at
room temperature. The mixture was poured onto ice,

the products were extracted into ether, the extract wasz.

treated with a 10% solution of NaOH, and the alkaline
solution was acidified and extracted with ether. The

extract was dried and evaporated to obtain 0.1 g4

(95%) of ketondlf , mp 81-83°C (from benzene) [3].
4-(4-Methoxyphenyl)-2-butanone (llg).a. A sus-
pension of 1 g (0.006 mol) of enondg, 3 ¢
(0.022 mol) of AICE, and 3 g (0.035 mol) of cyclo-
hexane in 15 ml of CKCI, was stirred for 3 h at room

temperature. The mixture was treated as describedb.

above, volatile components were removed, and the
residue was subjected to chromatographic separation
to isolate 0.86 g (85%) of ketondg which was
identified by *H NMR spectroscopy [20].

b. Enonelg, 20 mg (1 mmol), was dissolved in 6.

a mixture of 0.75 g (0.005 mol) of GBO;H and

0.54 g (2.5 mmol) of SbE and 20 mg (2 mmol) of 7.

cyclohexane was added to the solution. After 5 min,

the mixture was poured onto ice. After appropriate g

treatment, we isolated 16.2 mg (80%) of ketdlie

4-(2-Hydroxyphenyl)-2-butanone (llh). A solu- 0.

tion of 0.5 g (0.003 mol) of enonédh, 3.5 g

(0.013 mol) of AlBg, and 3 g (0.035 mol) of cyclo- 44

hexane in 10 ml of CEBr, was kept for 3 h at room
temperature. The mixture was treated as described
above for ketonélf to isolate 0.3 g (60%) of product
[Ih . mp 45-46°C (from petroleum ether).
3-(4-Methoxyphenyl)-1-phenyl-1-propanone
(I1)). A suspension of 1.2 g (0.005 mol) of enone
li, 4 g (0.03 mol) of aluminum chloride, and 3 g
(0.035 mol) of cyclohexane in 20 ml of GBI, was
stirred for 3 h at room temperature. The mixture was
treated as described above for compouihg to
isolate 1.15 g (95%) of ketondh. mp 63-67°C
(from petroleum ether) [22].
4-(4-Dimethylaminophenyl)-2-butanone (l1j).
A solution of 0.38 g (0.002 mol) of enonig¢, 3.5 g

(0.013 mol) of aluminum bromide, and 2 g (0.02 mol)12.

of cyclohexane in 15 ml CkBr, was stirred for 135 h

at room temperature. The mixture was poured onto ice
and extracted with chloroform, and the extract was
washed with water and dried over MggaOvolatile
components were removed, and the residue was sub-

jected to chromatography to isolate 0.37 g (97%) of3.

ketonellj . mp 48-51°C (from aqueous ethanol) [23].

14.
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