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Abstract — At 170 °C, 1,1'-bis(3,4-dimethylphospholyl)ferrocen@) (isomerises through the corresponding-ghospholes that
are trapped by diphenylacetylene to give the 1,1'-ferrocenylene-bridged bis—1-phosphanorborr@disfter (resolution with an
optically pure palladium complex,RR)- and §9-(6) are tested in the asymmetric hydrogenation of a dehydroaminoacid,
hydroformylation of styrene, and allylation of sodium malonafe. cite this article: G. Frison et al.,, C. R. Chimie 5 (2002)
245-249 © 2002 Académie des sciences / Editions scientifiques et médicales Elsevier SAS

phosphole / phosphanorbornadiene / ferrocene / asymmetric catalysis

Résumé— A 170 °C, le 1,1'-bis(3,4-diméthylphospholyl)ferrocend €’'isomérise pour donner leH2phospholes correspondants
que I'on peut piéger par le diphénylacétylene. Aprés purification du racémique, I'adduit [4+2] qui en rémuli@), peut étre
dédoublé en ses deux énantiomeres a l'aide d'un complexe énantiopur de palladium. Les énantRyRleres (§,5)-(6) ont été
testés dans I'hydrogénation asymétrique d'un déhydroaminoacide, dans I'hydroformylation asymétrique du styréne et dc
I'allylation asymétrigue du malonate de sodium, avec des résultats molens.citer cet article: G. Frison et al.,, C. R.
Chimie 5 (2002) 245-249 © 2002 Académie des sciences / Editions scientifiques et médicales Elsevier SAS

phosphole / phosphanorbornadiéne / ferrocéne / catalyse asymétrique

1. Introduction R R
In many cases, when good catalytic enantioselectivi- D @D
ties are achieved with &€,-symmetric bis-phosphine, ©( R'R Fe RR
a 1,1'-ferrocenylene-bridged analogue is investigated. b @\
Sometimes this analogue displays an enhanced effi- . P
ciency. Two recent examples will illustrate this point. R b
The famous DUPHOS1] of Burk [1] has been trans- 1) @ R
posed into the ferrocenylene-bridged bis-phospholane
(2) [2] with rather disappointing results. On the con- R R
trary, the bis-phosphetan&)([3] has been transposed E \!j
into (4) [4,5], with substantial gains in enantioselectiv- P—. @/P .
ity. ©f F]? Fe A
P R
J-j @\ﬁ
R’
R
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Having recently developed the BIPNOR (5), an
efficient P-chiral bis-phosphine for asymmetric cataly-
Sis [6], it seemed logical to test the ferrocenylene
analogue (6), even though the connection between the
two sub-units of (6) is geometrically different from
those found in (2) and (4). This is the subject of the
following report.

Me MeMe Me

2. Results and discussion

The synthesis of (6) relies on the usual approach
[7]. The necessary bis-phosphole (7) was first synthe-
sized from 1,1'-dilithioferrocene and 1-cyano-3,4-
dimethylphosphole [8] as shown in equation (1).

Me

= N\_Me
= MM ="
d;:; v2 (N '::FC <Fbe (1)
Li P
Q"‘ | &N Q\F\,}\Me (7) (74%)

Me

The crude phosphole (7) contains ca 10% of mono-
phosphole (63'P-13.4 vs-14.3 for (7) in CDCly),
which are removed by crystalisation from ethanol.
The classical [1,5] shift of the ferrocenylene substitu-
ent around the two phosphole rings takes place at ca
170°C and the resulting bis—2H-phosphole can be
trapped by an excess of tolan to give the expected
bis-1-phosphanorbornadiene (6) as a 50/50 mixture of
the meso and racemic products (equation (2)).

Me Me Me
v Ph
- ) /
> ;\ \ ;
170°C PhC=CPh = P
7) Fe P —_— Fe Ph@)
55h /P (3eq) P Ph
= B)
Me  Me Me Ph

Me
(6) (meso 24%)
(d,| 20%)

The two diastereomers (6%'P-13.2 and-13.7 in
CDCl;) were separated by chromatography and
recrystallisation from hexane/dichloromethane (90/10).
The X-ray crystal structure of the product that reso-
nates at —13.7 (Fig. 1) identified it as the racemic mix-
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Fig. 1. Molecular structure of rac—6, as determined by a single
crystal X-ray diffraction study.

ture. The resolution was carried out with the enan-
tiopure paladium complex of Roberts and Wild [9]
(equation (3)).

Me
Me @k Me
N:
Me /P(/i\ Me >
Noyte  +rac6) —= CI” p Fe @
PLCN Ph H—Me
ci \
2 PH Me 2

(8a) 5°'P +51.9 (46%)
(8b) 8°'P +55.7 (35%)

The two binuclear enantiopure diastereomeric com-
plexes were separated by chromatography on silica gel
with toluene/ethyl acetate (80:20) and recrystallised
from Et,O/CH.CI, (95:5) at —20 °C. The absolute con-
figuration of 8b was established by X-ray analysis
[Flack enantiopole = 0.05(4)] (Fig. 2). In complex 8b,
the ligand 6 has the (S9 configuration. The enan-
tiopure (RR)-6 and (S9—-6 were respectively recov-
ered from 8a and 8b by quantitative decomplexation
with sodium cyanide. A series of preliminary catalytic
tests were carried out with the two enantiomers. They
are summarised in Fig. 3.

Although these preliminary results are not very
encouraging, an optimisation of the 1-phosphanor-
bornadiene-substitution scheme might lead to efficient
catalysts for the enantioselective palladium-catalysed
alylic substitutions.

3. Experimental section

All reactions were performed under argon and silica
gel (70230 mesh) was used for chromatographic
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Fig. 2. Absolute configuration of complex 8b. The phenyl substitu-
ents and the ancillary optically active amine have been removed for
clarity.

separations. The solvents were purified, dried and

Hydrogenation:

CO,H

~

Ho, [Rh(cod))(6*)]*PFg”

degassed by standard techniques. Diphenylacetylene
was purchased from Aldrich; ferrocene,
[Rh(acac)(CO),], from Strem and used without further
purification. H, °C, and 3!P NMR spectra were
recorded on a Bruker AC 200 SY spectrometer operat-
ing a 200.13, 50.32, and 81.01 MHz, respectively,
unless stated otherwise. All chemical shifts are
reported in ppm downfield from TMS (*H and 3C),
and external HyPO, (*'P). Mass spectra (EI) were
obtained a 70eV by the direct inlet method on a
Hewlett-Packard (HP) 5989B coupled with a GC HP
5890. Elemental analyses were performed by the ‘ Ser-
vice de microanalyse’, ICSN, CNRS, Gif-sur-Yvette,
France.

3.1. Bis-phosphole (7)

In a three-necked flask containing a magnetic stir-
ring bar n-BuLi (27.2ml, 1.6 M in hexane) was added
dropwise to a hexane solution (100 ml) of ferrocene
(3.72g, 20mmol) at room temperature. Then neat
N,N’-tetramethylethylenediamine (TMEDA, 6.35ml,
42 mmol) was added. The mixture was stirred for
5min at room temperature, then warmed at 60 °C for
1h. The solution was allowed to cool to room tem-

CO,H

s

Ph"~ "NHC(O)Me 3atm.,25°C,2h MeOH Ph

Hydroformylation:

e Hp, CO, [Rh(acac))(6*)]

Ph 20 atm., 50°C, 3 h, toluene

Allylic substitution:

NHC(O)Me

100% conversion
23% ee

(R,R)-(6) = (S)-(+)
(5,5)-(6) = (R)-(-)

C":IO CHO
Ph/]\CHs + oy Y
100% conversion
i/ln 89/11, 15% ee
(R,RA)-(6) — ()

(5,5)-(6) — (+)

AcO (MeOQC)QHC
— Ph NaCH(COsMe),, Pd(OAc)s +(6*) —/ * Ph
Ph THF, 60°C, 24 h Ph
75% conversion
54% ee

Fig. 3. Enantioselective catalysis with (R R)- and (S9-6.

(5,5)-(6) = (5)
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perature and dry THF (40 ml) was added before cool-
ing a —40 °C. Cyanophosphole (5.84 g, 42 mmol) in
THF (20 ml) was added by portion. The solution was
allowed to warm to room temperature and stirring was
continued for 15min. Solvents were evaporated in
vacuo and the resulting oil was extracted twice with
hexane/CH,Cl, (150 ml, 90:10). The organic extracts
were concentrated in vacuo and EtOH was added
(50 ml). The brown solution was kept at —20°C for
one night to give a brown solid (6.0g, 74%): 3P
NMR (CDCl;) 6 -14.3; *H NMR (CDCly) ¢ 2.10 (9,
J=3.1Hz, 12H), 4.18 (m, 4H), 4.37 (m, 4H), 6.46 (d,
J=37.7Hz, 4H); ¥C NMR (CDCl;) 6 184 (d,
J=41Hz), 723 (d, J=43Hz), 741 (d,
J=15.3Hz),130.8, 149.0 (d, J=9.2Hz); mass spec-
trum m/z (relative intensity) 406 (M*, 66), 358
(M—48, 100). Anal. cdcd for C,,H,,FeP: C, 65.02; H,
5.91; Found: C, 64.32, H, 5.96.

3.2. Bis-phosphanorbornadiene (6)

Bis-phosphole (7) (4.0g, 10 mmol) and dipheny-
lacetylene (5.4 g, 30 mmol) were heated at 170 °C for
55h in a sedled tube. The oily product was chromato-
graphed with 85:15 hexane/CH,Cl, as eluent. The
meso isomer was first eluted with some racemic iso-
mer, then the racemic with some meso isomer. Each
isomer was recrystalised in 90/10 hexane/CH,CI,
at —20 °C to give pure products: meso—6 (1.8 g, 24%):
3P NMR (CDCl;) 6 -13.2; *H NMR (CDCl,) 6 1.35
(s, 6H), 2.01 (t, J=9.8 Hz, 2H), 2.03 (s, 6H), 2.21 (d,
J=9.6 Hz, 2H), 4.0 (m, 4H), 4.27 (m, 2H), 4.39 (s,
2H), 7-7.40 (m, 20H); *C NMR (CDCl;) & 16.5,
21.7, 64.5, 69.3 (d, J=7.5Hz), 69.9 (d, J=10.7 Hz),
705, 71.1, 72.7 (d, J=5.3Hz), 85.4 (d, J=23.3H2z),
125-130, 1389 (d, J=19.8Hz),139.7, 146.6 (d,
J=215Hz), 151.1 (d, J=24.9Hz), 152.8, 160.9;
mass spectrum m/z (relative intensity) 763 (M*, 72),
584 (M—-PhCCPh, 84) 406 (M-2x PhCCPh, 100).
Rac—6 (1.6g, 20%): 3P NMR (CDCl,) 6-13.7; H
NMR (CDCl;) 6-1.29 (s, 6H), 1.91 (t, J=9.8Hz,
2H), 1.98 (d, J=0.4 Hz, 6H), 2.25 (t, J=9.3 Hz, 2H),
3.95 (m, 4H), 4.08 (m, 2H), 4.36 (s, 2H), 7-7.40 (m,
20H); 3C NMR (CDCly) 6 16.5, 21.7, 64.3, 69.7 (m),
70.5, 70.8, 72.8 (d, J=5.6 Hz), 85.5 (d, J=21.1 Hz),
125-130, 1389 (d, J=19.8Hz),139.8, 146.6 (d,
J=214Hz), 1511 (d, J=24.6Hz), 152.7, 160.9;
mass spectrum m/z (relative intensity) 763 (M*, 74),
584 (M-PhCCPh, 84) 406 (M—2 x PhCCPh, 100).

3.3. Resolution of 6

A solution of the d,| isomer (1.52g, 2mmol) in
CH.CI, (5ml) was added dropwise to a solution of
the paladium (-) complex (1.16g, 2mmol) in
CH.CI, (5ml) in a Schlenk tube. After stirring for
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15min a room temperature, the solvent was evapo-
rated. The diastereomers were separated by chroma
tography with 80:20 toluene/AcOEt. The isomer 8a
was eluted first and then 8b. Each diastereomer was
recrystallised in 5:95 CH,CI,/Et,O in a pure form 8a
(1.23 9, 46%): 3P NMR (CDCl;) 6 51.9; 'H NMR
(CDCly) 6 1.44 (s, 6H),1.75 (d, J=6.5Hz, 6H), 2.54
(s, 6H), 2.87 (m, 10H), 2.96 (s, 6H), 3.78m, 2H), 3.96
(s, 2H), 414 (s, 2H), 451 (s, 2H), 540 (s, 2H),
6.50-7.30 (m, 28H); 3C NMR (CDCl;) 6 17.1 (d,
J=81Hz), 211 (d, 3=9.7), 22.4, 47.2, 51.6, 65.8 (d,
J=28Hz), 69.7-719 (m), 754, 8l4 (d,
J=19.5Hz),122.1-130.4 (m), 135.6 (d, J=12.2 Hz),
136.9 (d, J=9.0Hz), 139.3, 139.7 (d, J=12.3Hz),
1455 (d, J=24.0Hz), 1476, 1530, 1575 (d,
J=6.2Hz), 163.9 (d, J=7.0Hz); 8b (0.949, 35%):
3p NMR (CDCl,) 6 55.7; 'H NMR (CDCl,) 6 1.44
(s, 6H),1.70 (d, J=5.7 Hz, 6H), 2.54 (s, 6H), 2.70 (d,
J+ 10.0 Hz, 2H), 2.83 (s, 6H), 3.78 (m, 2H), 2.89 (s,
6H), 3.0 (d, J=10Hz, 2H), 3.75 (s, 4H), 3.87 (s,
2H), 4.36 (s, 2H), 4.79 (s, 2H), 5.69 (t, J=7.0Hz,
2H), 5.82 (t, J=7.0Hz, 2H), 6.51 (t, J= 7.3 Hz, 2H),
6.70-7.30 (m, 22H); *C NMR (CDCl;) 6 16.9 (d,
J=7.1Hz), 21.0 (d, J=9.5), 22.1, 46.7, 51.2, 65.9 (d,
J=28Hz), 694-719 (m), 758, 8L2 (d,
J=20.0Hz),122.1, 12361249 (d, J=5.7H2),
127.0-130.4 (m), 136.0 (d, J=125Hz), 136.9 (d,
J=8.8Hz), 139.0 (d, 9.4Hz), 1394 (d, J=10.3 Hz),
1458 (d, J=24.1Hz), 1477, 1530, 1579 (d,
J=6.2Hz), 1634 (d, J= 6.8 HZ).

3.4. Decomplexation of 8

NaCN (200 mg, 4 mmol) in distilled and degassed
water (2ml) were added to (8) (0.67 g, 0.5 mmoal) in
CH.CI, (4 ml). After vigorous stirring at room tem-
perature for 20 min, water (10 ml) was added. The
mixture was then allowed to settle for decantation and
the two phases were separated. The organic phase was
washed twice with brine and once with water and the
aqueous layer with dichloromethane. The combined
organic fractions were dried over magnesium sulfate
and the solvent evaporated to yield enantiopure (6)
(0.37 g, 96%).

3.5. Hydrogenation of a-acetamidocinnamic acid

To a solution of 525mg (25mmol) of
a-acetamidocinnamic acid in freshly degassed metha
nol (25 ml) was added 1 mol-% of catalyst precursor
(prepared from 11.6mg of [Rh(COD),]"PFs~ and
19.0mg of (RR)- or (§9-6 in CH,Cl, (2ml)). The
solution was subsequently transferred by means of a
syringe into a 100 ml autoclave previousy purged
with argon. The solution was stirred under 3 atm of
H, (initial pressure) for 2 h at room temperature. The
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conversion was determined from *H-NMR spectra of
the crude product in d®-DMSO after evaporation of
the solvent in vacuo. A small sample was converted
into its methyl ester with trimethylsilyldiazomethane
in hexane/2-propanol 90:10 and the enantiomeric
excess was determined by HPLC analysis using a
Daicel column Chiralcel OD (hexane/2-propanol
90:10, 1mlmint; retention times. 9.7min (R),
12.3 min (9.

3.6. Palladium-catalysed allylic substitution: reaction
of 1,3-diphenylprop—2-enyl acetate
with NaCH(CO,Me), in THF

A minera oil dispersion of NaH (60% NaH,
1.8x10°mol) was washed until free of oil with dry
pentane (2 x5ml). The oil-free NaH was suspended
in THF (4 ml), cooled to 0 °C and dimethyl malonate
(0.23 ml, 1.2 equiv) was added dropwise to the stirred
suspension. After the reaction was complete, the
resulting solution was cannulated into a 50 ml flask
containing 1,3-diphenyl—-2-propenyl acetate (250 mg,
1x102 mol) in 1 ml of THF and the catalytic precur-
sor [prepared by mixing Pd(OAc), (2.24mg,
0.01 mmol) and 1 equiv of (6) (7.6 mg, 0.01 mmol) in
THF (2ml)]. The solution was stirred at 50 °C for
24 h. The reaction mixture was then worked up to
give the product as a yellow oil (dilution in AcOH,
extraction with Et,O and washing with brine). The
conversion was calculated from the crude product by
IH-NMR. Alumina gel chromatography using
hexane/ethyl acetate (80:20) afforded the pure alyla
tion product. Enantiomeric excess was determined by
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