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Abstract

A set of the recently published planar-chiral Daniphos diphosphine ligands, based on an arene chromium tricarbonyl scaffold,
has been applied to the rhodium-catalyzed asymmetric ring opening (ARO) reaction of 1,4-dihydro-1,4-epoxynaphthalene with
methanol as the nucleophile. Enantioselectivities of up to 97.5% ee at satisfactory conversions have been obtained. The most suc-
cessful ligand showed to be a PPh,/P(#-Bu),-substituted derivative. An X-ray structure of this ligand is presented and discussed.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The search for new effective ligands for application in
homogeneous transition-metal mediated asymmetric
transformations remains one of the most prominent
fields in organometallic chemistry. Recently we have re-
ported on the synthesis and application of a novel pla-
nar-chiral diphosphine ligand for asymmetric catalysis
based on an a-chiral arene chromium tricarbonyl scaf-
fold, which can be synthesized in a modular, consecutive
manner. It is referred to as Daniphos-ligand, the general
structure is depicted in Fig. 1 [1,2].

After testing it in common enantioselective catalytic
reactions like hydrogenation, hydrovinylation, allylic
sulphonation and others [2], we searched for a new
application of that ligand.

While the discovery of new reactions for stereoselec-
tive organometallic catalysis is somewhat rare, it is espe-
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cially noteworthy that Lautens and co-workers [3] have
reported recently on the development of a nucleophilic
asymmetric ring opening (ARQO) reaction of oxabenzo-
norbornadienes, achieving excellent results with different
substrates and various kinds of nucleophiles. It reveals
an interesting new application for chiral diphosphine
ligands. Lautens had successfully employed the ferro-
cene-based Josiphos [4] class of ligands [5], which are
structurally related to ours, so we found it challenging
to test the Daniphos ligands with one of these substrates
as well.

2. Results and discussion

We applied a choice of our ligands in the asymmetric
ring opening of oxanorbornadiene using methanol as
the nucleophile. It proceeds rhodium-catalyzed at a sub-
strate-to-ligand ratio of 100:1 and a reaction time of 5 h
at 80 °C. The reaction scheme is depicted in Scheme 1.

Fig. 2 summarizes the ligands that were employed in
this investigation. For an easy nomenclature we use the
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Fig. 1. The “Daniphos”-ligand.

following acronym system: PX,/PY,, in which PX, de-
notes the donor group in the ortho-position and PY,
that in the a-position at the stereogenic center. Accord-
ing to that ligand 3 for instance is abbreviated to PPh,/
P(i-Bu), (see also Table 1). The ferrocene ligand 7 (Josi-
phos), which was also employed for reasons of compar-
ison, is denoted as Fc/PPh,/PCy,.

The results obtained in this survey are depicted in Ta-
ble 1 below.

As can be seen from the table the enantioselectivities
achieved range from moderate to very good, with the
best value of 97.5% ee obtained with ligand 4. Taking
into account that ligands were used that have the same
backbone and differ only in the nature of the second do-
nor group in the a-chain, it appears noteworthy that the
values vary in a considerable range. This manifests the
sensitivity of the reaction towards the steric and elec-
tronic properties of the ligands. Some striking effects
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can be found: while the “mother compound” PPh,/
PPh, 1 gives a respectable ee of 80.3% with a yield of
69%, these values drop dramatically when changing to
ligand 2 PPh,/P(p-FPh),, which differs only in the fluo-
rine substituent in para-position of the phenyl groups
in the a-chain. This underlines vividly the outstanding
effect that such an electron-withdrawing group has and
one can conclude that this reaction prefers ligands which
are more electron-rich. As the rest of the ligands are all
alkyl-substituted no greater differences in their electron-
donor ability are to be expected. Nonetheless their cata-
lytic performance differs remarkably. So it might be as-
sumed that this finding is due to steric effects, as the
spatial demands of these alkyl-chains are dissimilar.
This is best illustrated by a comparison of ligands 3
and 4: while the sterically demanding and rigid PPh,/
P(z-Bu), 4 gives an excellent value of 97.5% ee, its isomer
PPh,/P(i-Bu), 3 produces a significantly lower value of
75.0%. This is probably due to the fact that the rather
flexible iso-butyl chains cannot enforce a rigid environ-
ment in the catalytically active complex to induce a sat-
isfactory selectivity.

To get a closer insight into that we were interested in
obtaining an X-ray structure of the PPh,/P(z-Bu); ligand
4. Luckily we were able to grow a crystal suitable for X-
ray crystallography of that compound by crystallization
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Scheme 1. The nucleophilic asymmetric ring opening of oxanorbomadiene.
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Fig. 2. Overview of the ligands employed in this investigation.
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Table 1

Results of the ARO reactions

Ligand (ortho/alpha) Yield (%) ee (%)
PPh,/PPh, (1) 69 80.3
PPh,/P(p-FPh), (2) 10 50.9
PPh,/P(i-Bu), (3) 20 75.0
PPh,/P(z-Bu), (4) 59 97.5
PPh,/Pcyclpent (5) 79 84.7
PPh,/PCy, (6) 53 93.1
Fc/PPh,y/PCy, (7) “Josiphos” 36 92.4

from acetone. The experimental X-ray diffraction param-
eters and the crystal data are summarized in Table 2.

Fig. 3 shows an ORTEP plot of ligand 4. Clearly vis-
ible are the elements of planar and central chirality, both
configured R. Moreover it can be seen that, in the free
ligand, the a-chain adopts a conformation in which
the hydrogen atom points towards the bulky chromium
tricarbonyl group and the P(¢-Bu),-group is directed up-
ward, away from the complexed arene ring. We know
from other structures we have examined [1b-d,2c] that
this assembly has to undergo a considerable conforma-
tional change to enable a coordination to a metal center,
so that the phosphorus atom is turned inwards (to the
left from the viewers direction).

For a more quantitative conformational description
of the ligand some selected bond lengths and angles

Table 2
Experimental X-ray diffraction parameters and crystal data for 4

Compound 4

Empirical formula C31H36CrO;P;, x C3HgO
Formula mass 628.62

Crystal habit, color Block, orange

Crystal dimension (mm) 0.65x0.55x%0.50

Crystal system Monoclinic
Space group P2,

a (A) 8.7443(13)
b (A) 10.8826(16)
¢ A) 17.249(3)
p(©) 90.742(3)
V(A% 1641.3(4)
Z 2

D (gem™) 1.272
F000) 664

(Mo Ko) (cm™) 0.481
Diffractometer Bruker Smart CCD
T (K) 110 (2)

0 Range 1.18-27.44
Reflections collected 26,374
Unique reflection 7494

Rin 0.0510
Reflections used 7494
Parameters refined 379

R 0.0410

WR, 0.0897
Flack’s parameter 0.013(16)
Goodness-of-fit 1.039
Differential peak/hole (e/A3) 0.50/—0.22

Fig. 3. Displacement elipsoids plot (30%) of 4. The H attached to the
chiral centre is shown with arbitrary radius, others have been omitted
for clarity.

are summarized in Table 3. A number of characteristic
torsion angles have also been calculated, which are given
in Table 4. As a typical feature for this kind of com-
plexes the dihedral angle between the planes defined
by P1-C16-C21-C22 and P2-C22-C21 can be consid-
ered, which is 69.3(2)° in this case. This is in the same
range as for other examples of ligands we have examined
by X-ray diffraction [1b-d,2c].

Table 3
Selected distances and angles for compound 4

Distances ( A )

P1-C4 1.839(3) P2-C31 1.901(3)
P1-C10 1.833(3) P2-C27 1.902(3)
P1-Cl16 1.861(2) P2-C22 1.893(3)
Angles (°)

C10-P1-Cl6 100.85(11) C27-P2-C22 108.72(12)
C4-P1-Cl6 101.52(11) C31-P2-C22 103.36(12)
P2-C22-C23 120.77(19) P2-C22-C21 108.51(17)
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Table 4
Characteristic torsion angles for compound 4

Torsion angle

N/

Me _

Complex 4
-75.7(2)

)
%

n,,,

H

v

P

/

=

~69.3(2)

n,,,

~25.8(3)

101.19(19)

In this context it is informative to view the structure
from another direction, from the “side” of the molecule
along the arene ring (see Fig. 4). From this view it can be
anticipated that the sterically very demanding and rigid
P(z-Bu),-group, together with the “propellers” of the
PPh,-group, enforces a chiral cavity to achieve an effec-
tive optical induction in the coordinated prochiral sub-
strate. In this respect it is interesting to note that
Lautens obtained excellent results with the analoguous
ferrocene ligand PPF-P'Bu, as well, which exhibits the
same substitution pattern (97.0% ee for the reaction
examined here) [3a—d]. The other cases under consider-

Fig. 4. Displacement elipsoids plot (30%) of 4. H atoms are shown
with arbitrary radius.

ation might be too flexible in conformation (especially
the i-butyl and phenyl groups in the a-side chain) to
do so.

3. Conclusion

We have applied our young class of planar-chiral
complex ligands to a fairly new and interesting asym-
metric catalytic reaction with satisfactory and, in part,
very good enantioselectivities. The results obtained so
far are very encouraging and further experiments for
improvement and the application of other substrates
and ligands are currently being carried out in our
laboratories.

4. Experimental

The ligands were synthesized according to our pub-
lished method [1,2]. Analytical data is given below for
those candidates that did not appear elsewhere until
now (compounds 3 and 5). For the catalytic experi-
ments all flasks were dried by application of heat, vac-
uum and argon for three times and cooled before use.
Solvents were purified applying standard procedures.
All substances were handled under argon atmosphere
using standard inert gas techniques. NMR spectra
were recorded on Bruker Ultrashield 400 (‘H: 400
MHz, '*C: 400 MHz) and Varian Unity 500 (‘H:
500 MHz, '*C: 125 MHz, *'P: 200 MHz) spectrome-
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ters at ambient temperature. IR spectra were recorded
on a Perkin—Elmer FT-IR model 1720 X spectrometer.
Determinations of ee values were carried out using
HPLC. The analyses were performed on a Waters
DELTA 600 system with a Chiracel OJ-H column
(25 cm; @ 0.46 cm), 1=254 nm, hexane:isopropa-
nol = 9:1, 1 ml/min. Analytical TLC was carried out
on Merck aluminum sheets silica gel 60F,s4. Flash
chromatography was performed using Merck grade sil-
ica gel 60 (0.04-0.063 mm).

4.1. 2-Methoxy-1,2-dihydro-naphthalene-1-ol

In a dry Schlenk tube equipped with a stirring bar
were placed 0.008 mmol [(COD)RhCI],, 0.017 mmol
PX,/PY, and 0.0017 mol 1,4-dihydro-1,4-epoxynaph-
thalene and 0.75 ml THF and 0.5 ml methanol were
added. The mixture was heated for 5 h under stirring
and after that the solvent as well as the excess of the
nucleophile were removed under vacuum. The result-
ing residue was purified by flash chromatography
(ethyl acetate:hexane = 1:4) to result the product as a
white powder. The ee was determined by HPLC. The
retention times were 9.9 min (major) and 11.75 min
(minor). m.p.=85.5 °C; [a] =220.242°; 'H NMR
(400 MHz, CDCl): 6=7.51-749 (1H, m),
7.20 — 7.12 (2H, m), 7.00 — 6.97 (1H, m), 6.39 — 6.36
(1H, dd, J=10.0, 2.0 Hz), 597 -594 (1H, dd,
J=9.9, 2.4 Hz) ppm; '?*C NMR (400 MHz, CDCls):
0=127.34, 126.96, 126.81, 125.69, 125.29, 124.05,
81.19, 71.44, 55.75 ppm.

4.2. [1f'-(R R)-{( Pi-Buy) CHMe}CsH,PPh>) JCr(CO); (3)

Compound 3 was prepared according to the method
published in [1,2] from the corresponding chloro deriva-
tive [n®(R, R)-{(C)CHMe} C¢H4PPh,)|Cr(CO); (1.00 g,
2.17 mmol), diisobutylphosphine (0.34 g, 2.41 mmol)
and TIPF4 (0.76 g, 2.17 mmol). It was purified by column
chromatography (silica, CH,Cl,:hexane = 1:3). Yield:
0.65 g (1.14 mmol, 55%). IR (CHCIl3): vyax 1968, 1897
(CO) em™!. *'P NMR (200 MHz, C¢Dg) 6 = 17.02 (d,
Jpp = 32.96 Hz, o-P), —19.25 (d, Jpp = 32.96 Hz, ortho-
P) ppm. 'H NMR (500 MHz, C¢Dg) 6 = 7.61 (td, 2H,
J=7.6 Hz, Jpy =14 Hz), 7.36 (td, 2H, J=7.4 Hz,
Jpu = 1.0 Hz), 7.15 — 7.02 (m, 6H) (Ph), 4.98 (dd, 1H,
J=6.3 Hz, Jpy = 1.2 Hz), 4.70 (t, 1H, J = 6.4 Hz), 4.45
(dd, 1H, J = 6.4 Hz, Jpy = 3.5 Hz), 4.23 (t, 1H, J=6.3
Hz) (H,,), 4.00 (dq, 1H, J=7.2 Hz, Jpy = 7.2 Hz, CH
CH;), 1.58—-1.42 (m, 1H), 1.37-1.22 (m, 2H)
(PCH,CH Me,), 1.20 (dd, 3H, J=7.0 Hz, Jpy=4.9
Hz, CHCH,;), 1.04 — 0.98 (m, 1H), 0.97 — 0.84 (m, 2H)
(PCH,CHMe;), 0.82 (dd, 6H, J=6.7 Hz, Jpy =4.0
Hz), 0.78 (dd, 6H, J=6.8 Hz, Jpy=22.7 Hz),
(PCH,CHMe,) ppm. *C NMR (125 MHz, C¢Dy)
0=232.90 (CO), 137.73 (d, Jcp = 6.6 Hz, Cjp,PPh,),

137.13 (dd, Jep = 13.7 Hz, Jep =33 Hz, CipyoPPhy),
135.14 (d, 2C, Jcp = 20.8 Hz, C,PPh,), 133.85 (dd, 2C,
Jep = 18.9 Hz, Jop = 2.2 Hz, C,,PPh,), 129.67, 128.81
(d, 2C, Jep=6.5 Hz, C,PPhy), 12855 (d, 2C,
Jep = 6.6 Hz, C,,PPh,), 128.23 (C,,PPh,), 125.37 (dd,
Jop =233 Hz, Jep=16.7 Hz, Cypipso). 10338 (dd,
Jop=233 Hz, Jop=3.0 Hz, Caripo). 9998 (d,
Jep = 2.8 Hz), 94.54, 89.39, 87.51 (dd, Jcp =3.8 Hz,
Jep =3.8 Hz) (Cyy), 37.79 (d, Jep =203 Hz, CH,),
33.02 (d, Jep=22.5 Hz, CH,), 32.86 (dd, Jep = 23.0
Hz, Jep = 20.3 Hz, CHCH;P), 26.74 (d, Jep = 17.6 Hz,
PCH2C HMCz) 26.39 (d, JCP =148 HZ, PCH2CHM62),
24.68 (d, Jop=8.8 Hz, PCH,CHMe,), 2440 (d,
Jep = 9.3 Hz, PCH,CHMe,), 24.32 (dd, Jcp =9.2 Hz,
Jep=1.1 Hz, CHCHsP), 2394 (d, Jop=9.9 Hz,
PCH,CH Me), 12.94 (PCH,CHMe,) ppm.

4.3. [n°-(R R)-{(PCyclopentyl,) CHMe}CsH PPh,) |-
Cr(CO);(5)

Compound 5 was prepared according to the method
published in [1,2] from the corresponding chloro deriva-
tive [nN°-(R, R)-{(Cl)CHMe} C¢H4PPh,)]Cr(CO); (0.85 g,
1.85 mmol), dicyclopentylphosphine (0.36 g, 2.12 mmol)
and TIPFg (0.65 g, 1.85 mmol). It was purified by column
chromatography (silica, ethyl acetate:hexane = 1:8).
Yield: 0.69 g (1.16 mmol, 63%). IR (CHCl5): viuax 1966,
1896 (CO) cm™'. *'P NMR (200 MHz, C¢Dg) 6 = 20.11
(d, Jpp = 46.9 Hz, o-P), —19.61 (d, Jpp = 47.0 Hz, ortho-
P) ppm. 'H NMR (500 MHz, C¢Dg) 6 = 7.63 (td, 2H,
J=7.6 Hz, Jpg=1.2 Hz), 7.35 (td, 2H, J=7.3 Hz,
Jpu = 1.2 Hz), 7.07 (td, 4H, J=7.0 Hz, Jpy = 1.5 Hz),
7.02 (t, 2H, J = 7.3 Hz) (Ph), 5.06 (dd, 1H, J = 6.3 Hz,
Jpy = 1.2 Hz), 4.73 (t, 1H, 6.3 Hz) 4.53 (dd, 1H, J = 6.3
Hz, Jpy = 3.5 Hz) (H,,), 4.20 (m, 2H, H,,), 1.88 — 1.73
(m, 2H, PCH), 1.67 — 1.52 (m, 2H, CH,), 1.54 — 1.30
(m, 10H, CH,), 1.28 —1.24 (dd, 3H, J=7.0 Hz,
Jpu = 3.7 Hz, CHCH;P), 1.17 — 0.99 (m, 2H, CH,),
0.93 — 0.82 (m, 2H, CH,) ppm. *C NMR (125 MHz,
Ce¢Dg) 6 =233.00 (CO), 138.54 (dd, Jcp=7.2 Hz,
Jep = 2.8 Hz, CjpoPPhy), 137.71 (dd, Jep =14.3 Hz,
Jep = 5.0 Hz, CjpoPPhy), 135.33 (d, 2C, Jep = 20.8 Hz,
C..PPh,), 133.81 (dd, 2C, Jcp = 18.1 Hz, Jcp = 2.7 Hz,
C,PPhy), 129.66, 128.80 (d, Jcp=7.1 Hz), 128.31,
128.28, 128.11, 128.00 (C,PPh,), 126.06 (dd, Jcp = 17.6
Hz, Jcp=5.5 Hz, Cyupipso), 103.41 (dd, Jep =3.0 Hz,
Jep = 2.3 Hz, Cypipso), 100.92 (d, Jep = 3.3 Hz), 94.70,
89.15, 87.97 (dd, Jcp=3.0 Hz, Jcp=3.0 Hz) (C,),
3641 (d, Jep=19.2 Hz, CHCH;P), 33.89 (dd,
Jep=23.6 Hz, Jcp=20.3 Hz, PCH), 33.19 (dd,
JCP =222 HZ, JCP =25 HZ, PCH), 32.57 (d, Jcp =214
Hz, CH,), 32.02 (d, Jcp =23.0 Hz, CH,), 31.61 (d,
Jep =153 Hz, CH,), 31.14 (dd, Jcp=13.2 Hz,
Jep = 3.8 Hz, CH»), 26.66 (d, Jcp = 7.7 Hz, CH>), 26.35
(d, JCP =7.7 Hz, CHz), 26.25 (d, JCP =6.6 Hz, C Hz),
25.95(d, Jcp = 6.5 Hz, CH;), 13.25 (CHCH;P) ppm.
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4.4. X-ray structure determination

Crystal data and details of the structure determina-
tion are listed in Table 2. Data collection was performed
with a Bruker Smart CCD (Mo Ko radiation,
2 =0.71073 A, graphite monochromator) area detector.
The unit cell parameters were obtained by the least-
squares refinement of 8096 reflections. The structure
was solved by direct methods (SHELxS-97) [6] and re-
fined by full matrix least-squares procedures based on
F? with all measured reflections (SHELXL-97) [7]. The
SADABS [8] program was used for absorption correction
of the structures. All non-hydrogen atoms were refined
anisotropically. All H atom positions were introduced
at their idealized positions (d(CH) = 0.98A) and were re-
fined using a riding model. The absolute configuration
was confirmed by evaluation of the Flack [9] parameter.

Crystallographic data (excluding structure factors)
for the structures reported in this paper have been
deposited at the Cambridge Crystallographic Data Cen-
tre as Supplementary Publication No. CCDC-248343.
Copies of the data can be obtained free of charge on
application to The Director, CCDC, 12 Union Road,
Cambridge, CB21EZ, UK (fax: int. code +(1223) 336
033; e-mail: deposit@ccdc.cam.ac.uk; web: http:/
www.ccdc.cam.ac.uk).

Acknowledgements

The authors acknowledge financial support by the
Deutsche Forschungsgemeinschaft DFG within the Col-
laborative Research Centre (SFB 380) ‘“Asymmetric
Synthesis with Chemical and Biological Methods™ and
by the “Fonds der Chemischen Industrie”. We thank
Dipl.-Chem. Jutta Knuppertz for preparative assistance.
B.C. is grateful to the Graduiertenkolleg: “Methods of
asymmetric synthesis” for a scholarship.

References

[1] (a) U. Englert, A. Salzer, D. Vasen, Tetrahedron: Asymmetr. 9
(1998) 1867,
(b) A. Salzer, Coord. Chem. Rev. 242 (2003) 59;
(c) W. Braun, B. Calmuschi, J. Haberland, W. Hummel, A. Liese,
T. Nickel, O. Stelzer, A. Salzer, Eur. J. Inorg. Chem. (2004) 2235;

(d) W. Braun, B. Calmuschi, H.-J. Drexler, U. Englert, D. Heller,
A. Salzer, Acta Crystallogr. Sect. C 60 (2004) 532.

[2] (a) U. Englert, R. Haerter, D. Vasen, A. Salzer, E.B. Eggeling, D.
Vogt, Organometallics 18 (1999) 4390;

(b) D. Vasen, A. Salzer, F. Gerhards, H.-J. Gais, R. Stiirmer,
N.H. Bieler, A. Togni, Organometallics 19 (2000) 539;

(c) W. Braun, A. Salzer, H.-J. Drexler, A. Spannenberg, D. Heller,
J. Chem. Soc., Dalton Trans. (2003) 1606;

(d) W. Braun, A. Salzer, F. Spindler, E. Alberico, Appl. Cat. A:
Gen. 274 (1-2) (2004) 191.

[3] (@) M. Lautens, K. Fagnou, M. Taylor, Org. Lett. 2 (12) (2000)
1677;

(b) M. Lautens, K. Fagnou, T. Rovis, J. Am. Chem. Soc. 122 (2000)
5650;

(c) M. Lautens, K. Fagnou, M. Taylor, T. Rovis, J. Organomet.
Chem. 624 (2001) 259;

(d) M. Lautens, K. Fagnou, J. Am. Chem. Soc. 123 (2001) 7170;
(e) M. Lautens, K. Fagnou, Tetrahedron 57 (2001) 5067;

(f) M. Lautens, K. Fagnou, V. Zunic, Org. Lett. 4 (20) (2002)
3465;

(g) M. Lautens, C. Dockendorff, K. Fagnou, A. Malicki, Org.
Lett. 4 (8) (2002) 1311;

(h) M. Lautens, K. Fagnou, S. Hiebert, Acc. Chem. Res. 36
(2003) 48;

(i) M. Lautens, K. Fagnou, D. Yang, J. Am. Chem. Soc. 125
(2003) 14884;

() P. Leong, M. Lautens, J. Org. Chem. 69 (2004) 2194;

(k) , For reductive and alkylative ARO reactions see:M. Lautens,
T. Rovis, Tetrahedron 54 (1998) 1107;

() M. Lautens, T. Rovis, J. Org. Chem. 63 (1997) 5246;

(m) M. Lautens, J.L. Renaud, S. Hiebert, J. Am. Chem. Soc.
122 (2000) 1804;

(n) C. Moinet, J.-C. Fiaud, Tetrahedron Lett. 36 (1995)
2051;

(o) M. Lautens, S. Hiebert, J. Am. Chem. Soc. 126 (5) (2004)
1437.

[4] (a) A. Togni, C. Breutel, A. Schnyder, F. Spindler, H. Landert, A.
Tijani, J. Am. Chem. Soc. 116 (1994) 4062;

(b) A. Togni, C. Breutel, M.C. Soares, N. Zanetti, T. Gerfin, V.
Gramlich, F. Spindler, G. Rihs, Inorg. Chim. Acta 222 (1-2)
(1994) 213;

(c) H.U. Blaser, Adv. Synth. Catal. 344 (2002) 17;

(d) H.U. Blaser, W. Brieden, B. Pugin, F. Spindler, M. Studer, A.
Togni, Top. Catal. 19 (2002) 3.

[5] For his work Professor Lautens was awarded winner of the first
Solvias ligand contest on the occasion of the Solvias science day
2002.

[6] G.M. Sheldrick, sHELXS-97, Program for Solution of Crystal
Structures, University of Goettingen, Germany, 1997.

[71 G.M. Sheldrick, sHELXL-97 Program for Refinement of Crystal
Structures, University of Goettingen, Germany, 1997.

[8] G.M. Sheldrick, sapaBs, University of Goettingen, Germany,
1996.

[9] H.D. Flack, Acta Crystallogr. Sect. A 39 (1983) 876.


http://www.ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk

	Highly enantioselective catalytic asymmetric ring opening  reaction employing the Daniphos ligand
	Introduction
	Results and discussion
	Conclusion
	Experimental
	2-Methoxy-1,2-dihydro-naphthalene-1-ol
	[ eta 6-(R,R)-{(Pi-Bu2)CHMe}C6H4PPh2)]Cr(CO)3 (3)
	[ eta 6-(R,R)-{(PCyclopentyl2)CHMe}C6H4PPh2)]-�Cr(CO)3 (5)
	X-ray structure determination

	Acknowledgements
	References


