
Ž .Journal of Molecular Catalysis A: Chemical 143 1999 233–241
www.elsevier.comrlocatermolcata

Rhodium-catalyzed hydroformylation of
ž /1,1-bis p-fluorophenyl ethene and
ž /3,3-bis p-fluorophenyl propene

Carlo Botteghi a,), Stefano Paganelli a, Mauro Marchetti b, Paolo Pannocchia c

a Dipartimento di Chimica, UniÕersita di Venezia, Calle Larga S. Marta 2137, I-30123 Venezia, Italy`
b Istituto per l’Applicazione delle Tecniche Chimiche AÕanzate ai Problemi Agrobiologici, C.N.R., Via Vienna 2, I-07100 Sassari, Italy

c EniChem S.p.A., Centro Ricerche, Via della Chimica 5, I-30175 Porto Marghera, Venezia, Italy

Received 12 June 1998; accepted 5 August 1998

Abstract

Ž . Ž .1,1-Bis p-fluorophenyl ethene and 3,3-bis p-fluorophenyl propene were hydroformylated using rhodium catalysts:
whereas, the chemoselectivity of the reaction is rather high for both olefins, the regioselectivity towards the formation of the
linear aldehyde is very high only for the former substrate. In the case of the latter olefin extensive double bond isomerization

Ž . Ž .takes place under oxo conditions. The obtained 3,3-bis p-fluorophenyl propanal is converted to 4,4-bis p-fluorophenyl
butanal by an improved two-step homologation procedure involving a Wittig reaction. This aldehyde is a valuable building
block for some interesting pharmaceuticals. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

1,1-Diarylethenes have been shown to be very
interesting substrates for rhodium-catalyzed hy-

w xdroformylation 1–3 : the selectivity towards the
formation of the linear oxo-aldehydes 3,3-di-
arylpropanals is generally rather high, reaching
in most cases yields up to 90%. These aldehy-
des are transformed through conventional chem-
ical reactions in a variety of therapeutically
active compounds, their activity spanning from
choleretic and spasmolitic to antihistaminic and
urological.

) Corresponding author. Fax: q39-41-5298517

Ž .In particular, 1- N, N-dialkylamino -3,3-di-
w xarylpropanes 4,5 are easily available by reduc-

tive amination of the 3,3-diarylpropanals in the
presence of the appropriate amine partner cat-
alyzed by PtO at 1208C and 60 atm H in2 2

w xnearly quantitative yields 6 . Other methods
are, however, available to accomplish the con-
version of these aldehydes to the target com-

Ž .pounds, namely: i a two-step reductive amina-
tion involving the formation of the correspond-
ing enamine followed by the double bond reduc-

w x Ž .tion with sodium borohydride 6 ; ii oxidation
of the aldehydes to the corresponding acids and
their conversion to the appropriate amides fol-
lowed by reduction with lithium aluminum hy-
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w x Ž .drideraluminum chloride 7 ; iii one-pot trans-
formation of 1,1-diarylethenes under oxo-condi-
tions, exploiting the ability of rhodium hydrido
carbonyl complexes to reduce the above car-

w xbon–carbon double bond of enamines 6 .
This class of amino-compounds includes

many valuable pharmaceutical agents such as
Ž . ŽFenpiprane spasmolitic , Diisopromine chole-

. Ž .retic , Tolpropamine antihistaminic and Mil-
Ž .verine antispasmodic , whose preparation can

be effected using the hydroformylation reaction
as intermediate step in a competitive way with
respect to the traditional reaction methodologies

currently employed for their industrial synthesis
w x8–11 .

Some important therapeutically active com-
Žpounds embody in their molecule a 4,4-bis p-

.fluorophenyl butyl moiety as the substituent at
the nitrogen atom of a piperidine or pyrrolidine

Ž .derivative partner Fig. 1 .
In the commercial synthesis this substituent

is introduced in these molecules by alkylation of
the heterocyclic nitrogen atom with 1-bromo-
w x Ž .12–14 or 1-chloro-4,4-bis p-fluorophenyl bu-

w xtane 15,16 . The bromide is in turn accessible
through a rather laborious experimental proce-

Ž .Fig. 1. Some important therapeutically active compounds containing in their molecule a 4,4-bis p-fluorophenyl butyl moiety.



( )C. Botteghi et al.rJournal of Molecular Catalysis A: Chemical 143 1999 233–241 235

dure in about 60% overall yield involving a
Ž .rearrangement reaction of bis p-fluorophenyl

cyclopropyl carbinol promoted by hydrobromic
acid followed by catalytic hydrogenation of the

Ž .resulting 1,1-bis p-fluorophenyl -4-bromobu-
w xtene 12–14 .

The related chloride can be prepared by addi-
tion of 4-fluorophenylmagnesium bromide to
4-chloro-p-fluorobutyrophenone followed by
dehydration of the formed tertiary carbinol to
the corresponding olefin which finally is cata-

w xlytically reduced to the desired halide 15,16 .
Owing to our previous experience in develop-

ing new and more convenient routes to valuable
intermediates for various pharmacologically ac-

w xtive compounds 17,18 and to some recent in-
teresting results obtained in the application of

w xhydroformylation to pursue this aim 19 , we
planned to employ synthetic strategies involving

Žthe hydroformylation to prepare 4,4-bis p-fluo-
.rophenyl butanal 5, which can represent a key-

precursor for the above pharmaceutical com-
pounds.

2. Experimental

2.1. Materials

w Ž . xThe rhodium complexes RhCl CO , Rh -2 2 6
Ž .CO and PtO were Aldrich products. HRh16 2
Ž .Ž .CO PPh was prepared following a well-3 3

w xknown procedure 20 . Triphenylphosphine,
triphenylphosphite, dimethylphenylphosphine,

Ždiphenylphosphine oxide, 1,4-bis diphenylphos-
. Ž .phino butane and tris 2,4-di-tert-butylphenyl

phosphite were used as received from Aldrich.
4,4X-Difluorobenzophenone and the instant ylides
Ž .methoxymethyl triphenylphosphonium bromide
mixture with sodium amide and methyltriph-
enylphosphonium bromide mixture with sodium
amide were purchased from Aldrich. Solvents
were purified following well-known procedures
w x21 .

Elemental analyses were performed using a
Perkin Elmer Model 240C elemental analyzer.
1H NMR spectra of CDCl solutions were3

recorded using a 200 MHz Brucker AC200. IR
spectra were obtained using a Bio-Rad FTS-40
interferometer. GC-MS spectra were recorded
using an HP 5971 Series mass spectrometer.

X ( )2.2. Synthesis of 4,4 -bis p-fluorophenyl -
ethene— 2

Method a. Olefin 2 was prepared by Wittig
reaction on 4,4X-difluorobenzophenone 1 with an
equimolecular amount of a ready-to-use mixture
of methyltriphenylphosphonium bromide and
sodium amide in ethyl ether at room tempera-

w xture 6 and purified by flash chromatography
Žon silica gel using hexane as eluent 88.0%

. Žyield . Method b. A solution of 10.02 g 45.9
.mmol of ketone 1 in 130 ml of ether was

slowly added to 60.0 mmol of an etheral solu-
tion of CH MgI, previously obtained by adding3

Ž .dropwise 8.52 g 60.0 mmol of CH I dissolved3

in 15 ml of ether to 1.46 g of Mg, and refluxed
for 2 h. After usual work-up, the pure alcohol

Ž .4,4-bis p-fluorophenyl methylcarbinol was ob-
tained in almost quantitative yield by flash chro-
matography on silica gel using a 7:3 hexaner
ether mixture as eluent. This alcohol was then
dehydrated to olefin 2 after 2 h reflux in ben-
zene in the presence of a 10% wrw of p-
toluensulfonic acid. Pure compound 2 was re-
covered in almost quantitative yield as reported
in method a.

Compound 2 gave satisfactory analytical data
and 1H NMR pattern was in agreement with its
structure.

Ž . y1Compound 2: IR 1603 vs cm ; mrz 216
Ž .q Ž .M . Anal. Calcd. for FC H C5CH : C,6 4 2 2

77.77; H, 4.66. Found: C, 78.04; H, 4.67. 1H
Ž . Ž .NMR CDCl d 7.34–7.27 dd, 4H , 7.13–7.013

Ž . Ž .t, 4H , 5.43 s, 2H .

( )2.3. Synthesis of 3,3-bis p-fluorophenyl -
propene— 8

Ž . X Ža Preparation of 1-methoxy-2,2 - p-fluoro-
. Xphenyl ethene 6. 4,4 -Difluorobenzophenone 1

was subjected to Wittig reaction with an
equimolar amount of a ready-to-use mixture of
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Ž .methoxymethyl triphenylphosphonium bromide
and sodium amide in ether at room temperature
w x Ž .6 ; pure enol ether 6 was obtained 95% yield
by flash chromatography on silica gel using
hexane as eluent.

Compound 6 gave satisfactory analytical data
and 1H NMR pattern was in agreement with its
structure.

Ž .Compound 6: mp 49.0–49.58C; IR 1240 vs
y1 Ž .q Žcm ; mrz 246 M . Anal. Calcd. for FC -6
.H C5CHOCH : C, 73.16; H, 4.91. Found:4 2 3

1 Ž .C,73.45; H, 4.94. H NMR CDCl d 7.40–3
Ž . Ž . Ž .7.28 dd, 4H , 7.23–6.95 t, 4H , 6.42 s, 1H ,
Ž .3.55 s, 3H .

Ž . X Žb Hydrolysis of enol ether 6 to 4,4 -bis p-
.fluorophenyl ethanal 7. A mixture of 0.50 g

Ž .2.03 mmol of enol ether 6, 2.5 ml of ether, 1
ml of H O and 3.5 ml of CF SO H was2 3 3

deareated by three freeze-pump-thaw cycles and
heated at reflux for half an hour; the mixture
was then cooled to room temperature, the ether
phase washed several times with water and then
dried over anhydrous MgSO . After evaporation4

of the solvent, aldehyde 7 was obtained in a
Ž .pure form 90% yield by flash chromatography

on silica gel using a 9:1 hexanerether mixture
as eluent.

Compound 7 gave satisfactory analytical data
and 1H NMR pattern was in agreement with its
structure.

Ž . y1Compound 7: IR 1725 vs cm ; mrz 232
Ž .q Ž .M . Anal. Calcd. for FC H CHCHO: C,6 4 2

72.41; H, 4.34. Found: C, 72.66; H, 4.35. 1H
Ž . Ž .NMR CDCl d 9.92–9.88 d, 1H , 7.27–7.123

Ž . Ž . Ž .dd, 4H , 7.05–6.98 t, 4H , 4.87–4.84 d, 1H .
Ž .c Synthesis of olefin 8 from 7. Olefin 8 was

obtained by Wittig reaction on aldehyde 7 with
an equimolar amount of a ready-to-use mixture
of methyltriphenylphosphonium bromide and
sodium amide in ether at room temperature for

w x Ž .5 h 6 . Pure olefin 8 was obtained 75% yield
by flash chromatography on silica gel using
hexane as eluent.

Compound 8 gave satisfactory analytical data
and 1H NMR pattern was in agreement with its
structure.

Ž . y1Compound 8: IR 1605 s cm ; mrz 230
Ž .q Ž .M . Anal. Calcd. for FC H CHCH5CH :6 4 2 2

C, 78.25; H, 5.25. Found: C, 78.56; H, 5.27. 1H
Ž . Ž .NMR CDCl d 7.25–7.10 dd, 4H , 7.07–6.983

Ž . Ž . Ž .t, 4H , 6.37–6.18 m, 1H , 5.32–5.22 dt, 1H ,
Ž . Ž .5.04–4.93 dt, 1H , 4.77–4.68 d, 1H .

2.4. General procedure for the hydroformyla-
tion of substrates 2 and 8

A 150 ml stainless steel reaction vessel was
charged under nitrogen purge with 2.3 mmol of
the olefin 2 or 8, 0.009 mmol of rhodium
catalyst, 0.018 mmol of the ligand of choice and
5 ml of anhydrous benzene. The reactor was
then pressurized to 100 atm with synthesis gas
Ž .COrH s1 and heated at 80–1208C for the2

Ž .due time see Tables 1 and 2 . From the reac-
tion mixture the aldehydes were recovered by
flash chromatography on silica gel using a 9:1
hexanerether mixture as eluent.

Ž .Compounds 3,3-bis p-fluorophenyl propanal
Ž .3, 4,4-bis p-fluorophenyl butanal 5 and 3,3-

Ž .bis p-fluorophenyl -2-methylpropanal 9 gave
satisfactory analytical data and 1H NMR pat-
terns were in agreement with their structures.

Ž . y1Compound 3: IR 1724 vs cm ; mrz 246
Ž .q Ž .M . Anal. Calcd. for FC H CHCH CHO:6 4 2 2

C, 73.16; H, 4.91. Found: C, 73.35; H, 4.93. 1H
Ž . Ž .NMR CDCl d 9.74–9.73 t, 1H , 7.34–7.203

Ž . Ž . Ž .dd, 4H , 7.15–6.94 t, 4H , 4.66–4.58 t, 1H ,
Ž .3.17–3.12 dd, 2H .

Ž . y1Compound 5: IR 1725 vs cm ; mrz 260
Ž .q Ž .M . Anal. Calcd. for FC H CHCH CH -6 4 2 2 2

CHO: C, 73.83; H, 5.42. Found: C, 74.05; H,
1 Ž . Ž .5.44. H NMR CDCl d 9.74–9.73 t, 1H ,3

Ž . Ž .7.28–7.16 dd, 4H , 7.10–6.92 t, 4H , 4.0–3.85
Ž . Ž .t, 1H , 2.52–2.28 complex multiplet, 4H .

Ž . y1Compound 9: IR 1724 vs cm ; mrz
Ž .q Ž .260 M . Anal. Calcd. for FC H CHCH-6 4 2

Ž .CH CHO: C, 73.83; H, 5.42. Found: C, 74.0;3
1 Ž . Ž .H, 5.43. H NMR CDCl d 9.57–9.54 d, 1H ,3

Ž . Ž .7.26–7.12 dd, 4H , 7.08–6.94 t, 4H ,4.13–
Ž . Ž4.05 d, 1H , 3.33–3.13 complex multiplet,

. Ž .1H , 1.08–0.98 d, 3H .
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Table 1
Ž . aHydroformylation of 1,1-bis p-fluorophenyl ethene catalyzed by rhodium complexes

b cEntry Catalytic Reaction Temperature Convn Substrate Hydroformylation Alcohol Aldehyde 3
b bŽ . Ž . Ž . Ž .precursor time h 8C % hydrogenation yield % yield selectivity%

b Ž . Ž .yield % %

Ž .Ž .1 HRh CO PPh 48 80 15.0 8.0 7.0 – )993 3
w Ž . x2 RhCl CO 48 100 99.0 25.2 73.8 – )992 2
w Ž . x3 RhCl CO 48 120 99.0 12.8 72.5 13.7 )992 2
w Ž . x4 RhCl CO rDPPB 72 80 19.0 3.0 16.0 – )992 2
w Ž . x5 RhCl CO rDPPB 64 100 24.0 4.0 20.0 – )992 2
w Ž . x6 RhCl CO rDMPP 87 100 94.0 48.0 46.0 – )992 2
w Ž . x Ž .7 RhCl CO rP OC H 89 100 86.0 4.0 82.0 – )992 2 6 5 3
w Ž . x Ž .8 RhCl CO rP OC H 22 120 100.0 10.0 86.0 4.0 )992 2 6 5 3
w Ž . x Ž . Ž .9 RhCl CO r Ph P O H 24 120 100.0 16.0 74.0 9.0 )992 2 2
w Ž . x10 RhCl CO rL 15 120 98.0 10.3 87.6 – )992 2
w Ž . x11 RhCl CO rL 24 120 100.0 5.8 88.3 5.7 )992 2

a Ž . Ž .Substrate 2.3 mmol; benzene 5 ml; p CO sp H s50 atm; substrate to catalyst molar ratio 250:1; RhrP 1:1 molar ratio; RhrL 1:12

molar ratio.
b Determined by GLC analysis.
c Ž .3,3-bis p-fluorophenyl propan-1-ol.

Ž . Ž .DPPBs1,4-bis diphenylphosphino butane; DMPPsdimethylphenylphosphine; Ls tris 2,4-di-tert-butylphenyl phosphite.

2.5. Homologation of aldehyde 3 to aldehyde 5

Ž .Concentrated HCl 0.9 ml was added drop-
Žwise, under nitrogen, to an etheral solution 2

. Ž .ml of 2.78 g 9.5 mmol of 1-methoxy-4,4-
Ž .bis p-fluorophenyl -1-butene 4, previously ob-

tained in 83% yield by Wittig reaction on alde-
hyde 3 with an equimolar amount of a ready-to-

Ž .use mixture of methoxymethyl triphenylphos-
phonium bromide and sodium amide in ether at

w xroom temperature 6 . After 24 h stirring at
room temperature the conversion of 4 to 5
resulted almost complete. The reaction mixture
was extracted three times with ether, washed
several times with water and dried over anhy-
drous Na SO . After evaporation of the solvent,2 4

pure aldehyde 5 was obtained by flash chro-
matography on silica gel using a 9:1 hexaner
ether mixture as eluent. Aldehyde 5 showed the
same analytical data previously described.

Table 2
Ž . aHydroformylation of 3,3-bis p-fluorophenyl propene catalyzed by rhodium complexes

bEntry Catalytic Reaction Temp Convn Substrate Hydroformylation Aldehyde 5
bŽ . Ž . Ž . Ž .precursor time h 8C % hydrogenation yield, % selectivity %

b Ž .yield %

Ž .Ž .1 HRh CO PPh 48 90 89.2 -1 89.2 55.93 3
Ž .Ž .2 HRh CO PPh rPPh 41 90 )99 – )99 53.33 3 3

w Ž . x3 RhCl CO 48 90 84.8 3.7 81.1 51.12 2
w Ž . x4 RhCl CO rL 42 90 )99 – )99 54.12 2

Ž .5 Rh CO 48 90 )99 – )99 50.76 16

a Ž . Ž .Substrate 2.3 mmol; benzene 5 ml; p CO sp H s50 atm; substrate to catalyst molar ratio 250:1; RhrPPh 1:2 molar ratio;2 3

RhrLs1:1 molar ratio.
b Determined by GLC analysis.

Ž .Ls tris 2,4-di-tert-butylphenyl phosphite.
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3. Results and discussion

Both preparative pathways depicted in
Scheme 1 start from the commercially available
4,4X-difluorobenzophenone 1.

According to the first route ketone 1 was
Ž .converted to 1,1-bis p-fluorophenyl ethene 2

by reaction with the instant ylide CH -3

PPh BrrNaNH in diethyl ether at room tem-3 2
w xperature in 88% yield 22 . Olefin 2 can be

prepared in high yield also by addition of meth-
ylmagnesium iodide to ketone 1 with formation
of the corresponding diaryl methylcarbinol, fol-
lowed by dehydration in boiling toluene in the

w xpresence of p-toluenesulfonic acid 23 .

1,1-Diarylethene 2 should represent a conve-
nient candidate for the rhodium-catalyzed hy-
droformylation to aldehyde 3 in the light of our
recent good outcomes achieved in the same

Žreaction on 1,1-diphenylethene 88% yield of
. w x3,3-diphenylpropanal 18,19 . Thus, olefin 2

was subjected to a set of oxo experiments using
common catalytically active rhodium carbonyl
complexes that have the actual possibility to be
employed also in semi-industrial scale pro-
cesses. Experimental conditions and results are
reported in Table 1.

From these data the following comments can
Ž .be drawn: i reaction rates are comparable with

those found for the related substrate 1,1-diphen-

Scheme 1.
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Ž .ylethene under the same reaction conditions; ii
in some cases the chemoselectivity is rather
unsatisfactory due to the catalytic reduction of
the olefinic double bond that can become the

Ž . Ž .prevailing reaction entry 6 ; iii the regioselec-
tivity towards the formation of the more useful

Ž .linear aldehyde 3 is always very high )99% ;
Ž .iv temperature increase is beneficial for the
reaction rate but brought about the partial reduc-
tion of the oxo-product to the corresponding

Ž .alcohol entries 3 and 8-11 . The highest yields
Ž .of aldehyde 3 82–88% were achieved with

w Ž . xRh CO Cl at 100–1208C and 100 atm2 2
Ž . Ž .COrH s1 entries 7, 8, 9 and 11 or in the2

Ž .presence of P OC H or of the bulky ligand6 5 3
Ž . w xtris 2,4-di-tert-butylphenyl phosphite 24 .
The homologation reaction of aldehyde 3 to

aldehyde 5 was accomplished by Wittig reaction
using the instant ylide CH OCH PPh Brr3 2 3

NaNH under the above reported conditions in2
w xabout 83% yield 22 , followed by hydrolysis

Žof the intermediate 1-methoxy-4,4-bis p-fluoro-
.phenyl -1-butene 4 with HCl in water–diethyl

w xether 25 . The overall homologation yield was
about 80%.

The second synthetic strategy to get aldehyde
Ž5 is based on the preparation of 3,3-bis p-fluo-

.rophenyl propene 8 and its hydroformylation as
outlined in Scheme 1b. The homologation of
ketone 1 to aldehyde 7 carried out by the above
described Wittig method gave the intermediate

X Ž .1-methoxy-2,2 - p-fluorophenyl ethene 6 in
w xabout 90% yield 22 . The hydrolysis of this

compound showed to be very sensitive towards
the different acid conditions employed: the rate

of formation of aldehyde 7 from its enolether
Žprecursor resulted to be rather low 60% con-

.version after 48 h under the same conditions
used for the preparation of aldehyde 5 from 4;
on the other hand, a longer reaction time pro-
moted the formation of high boiling by-products
deriving from aldehyde 7 decomposition. The
use of a stronger acid as trifluoromethanesul-
fonic acid under an inert atmosphere dramati-
cally increased the hydrolysis rate giving 90%
aldehyde 7 after half an hour heating in diethyl
etherrwater solution. Carrying out the reaction
in the air and for prolonged times resulted to be
very detrimental for the chemoselectivity of the
reaction, the main product being the ketone 1
imputable to the tendency of the aldehyde 7
towards air oxidation. Although no investigation
was carried out by us to elucidate the mecha-
nism of formation of the starting ketone 1, we
assume that this oxidative cleavage occurs

Ž .through the steps depicted in Scheme 2: i
peroxidation of the carbon–hydrogen bond in

Ž .a-position to the carbonyl group; ii decompo-
sition of this peroxide under acidic conditions
with the transient formation of an electron-defi-

Ž .cient oxygen intermediate; iii cleavage of the
carbon–carbon bond to give ketone 1 and formic

w xacid 26 . The aldehyde 7 was then transformed
into olefin 8 by Wittig reaction with the instant

w xylide CH PPh BrrNaNH in 80% yield 22 .3 3 2

The hydroformylation of olefin 8 was ef-
fected under the reaction conditions employed
for olefin 2: the results are collected in Table 2.

Whereas both reaction rate and chemoselec-
tivity are higher than those found for the oxo-re-

Scheme 2.
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Scheme 3.

action of 2, the regioselectivity is quite unsatis-
factory: aldehyde 5 to aldehyde 9 molar ratio
resulted close to 1 in all hydroformylation ex-
periments. This fact is to be imputed to the easy
isomerization of olefin 8 to olefin 11 promoted
by rhodium catalyst occurring during the oxo-

Ž .reaction Scheme 3 .
Similar isomerization phenomena, by which

an olefinic double bond migrates to establish the
conjugation with an aromatic system under
oxo-conditions, are well documented in the lit-

w xerature 27 . Olefin 8 did not rearrange to olefin
11 thermally at 808C in benzene, but its isomer-
ization took place smoothly, if a catalytic amount

Ž .Ž .of HRh CO PPh was present in the solution.3 3

The use of excess PPh is ineffective in pre-3
Žventing the double bond migration entry 2,

. w xTable 2 28 .
These results point out that only the prepara-

tive route involving the hydroformylation of
Ž .1,1-bis p-fluorophenyl ethene can be conve-

niently employed for the synthesis of aldehyde
5. This intermediate can be easily transformed,
for instance, into the bromide by NaBH reduc-4

w xtion to the corresponding alcohol 29 which in
turn gives the desired bromide by reaction with

w xBr rPPh 30 .2 3

In conclusion, the rhodium catalyzed hydro-
Ž .formylation of 1,1-bis p-fluorophenyl ethene

opens an alternative preparative way to achieve
valuable intermediates for the synthesis of sev-
eral pharmaceutical compounds. In our opinion
these methods appear to be more convenient
than those currently employed for the produc-
tion on commercial scale of the class of thera-
peutically active agents containing the 1,1-

Ž .bis p-fluorophenyl butyl moiety.
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