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The first example of asymmetric hydrogenation of imines using Co,(CO)g/(R)-BINAP/H,/CO system was
developed. The reaction conditions were screened with a wide range of N-aryl benzophenone ketimines,
obtaining products with excellent yields and good enantiomeric excess. Moreover, a pathway is suggested
based on the isolation and characterization of several catalyst intermediates.
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1. Introduction

Asymmetric catalysis is one of the most important tools for
the synthesis of enantiopure chemicals [1], due to its high atom
economy when compared to methods based on the resolution of
racemates. In this context, the enantioselective reduction of prochi-
ral ketimines is among the most reliable and efficient approaches
to obtain the corresponding optically active amines [2-4], which
are themselves found in various natural or medicinal compounds
[5-8]. Likewise, several methodologies have been developed for
the enantioselective reduction of imines [9-28], the asymmetric
hydrogenation of functionalized imines such as acyclic aromatic
N-aryl imines [29], a-fluorinated iminoesters [30,31] and acyclic
imines [32], with a variety of complexes of Ir [32,33], Ru [34], Rh
[19] and organocatalysts [35,36] have been employed in asym-
metric hydrogenations and/or transfer hydrogenations of imines.
Noteworthy, Co,(CO)g/modified phosphine complexes have never
been used as catalysts in asymmetric hydrogenation of imines,
even though, phosphine dicobalt octacarbonyl derivatives play an
important role as catalytic promotors in other organic transfor-
mations, for example: hydroformylation of alkenes (also known as
oxo process discovered in 1938 by Otto Roelen) [37,38], amidocar-
bonylation reaction [39,40], synthesis of quinolines [41], synthesis
of B-lactams [42] and the Pauson-Khand reaction (PKR) [43-45].
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Overall, the last reaction was applied in the synthesis of asymmetric
2-cyclopentanones using Co,(CO)g modified with chiral bidentade
phosphines as catalytic precursor. Furthermore, in 2003, Gibson’s
group studied the PKR mechanism of Co,(CO)g/BINAP system using
the synthesis of bicyclic cyclopentenones; based on their results
(they reported yields above 80% and ee up to 70%), postulated the
existence of (BINAP)(CO)Co-u-(C0O),-Co(CO)3 as catalyst precursor
[46] and the isolation of a cobalt hydride (BINAP)(CO),CoH [47].
Therefore, we became interested in using of this hydride as a pre-
cursor in the reduction of prochiral imines, leading us to the first
example of the catalytic asymmetric hydrogenation of imines with
COz(CO)g/(R)—BINAP.

2. Experimental
2.1. General

All reactions and manipulations were carried out under nitro-
gen atmosphere by using Schlenk-type techniques. '"H NMR, 13C
NMR and 3P NMR spectra were obtained on a JEOL GX300 Bruker-
Avance 300, Varian Unity 300 (300, 75 and 121 MHz respectively)
spectrometers in CDCl; as solvent at 25 °C. IR spectra were recorded
on a Nicolet FTIR Magna 750 spectrophotometer. Optical rota-
tions were measured on a Perkin-Elmer 343 spectropolarimeter.
Mass spectra were obtained using a JEOL J]MS-SX102A instrument
with m-nitrobenzyl alcohol as the matrix (FAB* mode). Elemen-
tal analyses for some compounds were obtained on an Elemental
Analyzer CE-440. HPLC analyses were performed on a Hewlett
Packard 1100 system with UV-DAD. Separations were achieved on a


dx.doi.org/10.1016/j.molcata.2012.08.019
http://www.sciencedirect.com/science/journal/13811169
http://www.elsevier.com/locate/molcata
mailto:majo00@yahoo.com
mailto:arcaor1@unam.mx
dx.doi.org/10.1016/j.molcata.2012.08.019

18 M. Amézquita-Valencia, A. Cabrera / Journal of Molecular Catalysis A: Chemical 366 (2013) 17-21

Daicel Chiracel OD-H (25mm x 4.6mm) column. X-ray deter-
mination was collected on a Bruker SMART APEX CCD area
diffractometer by the w-scan method.

2.2. Hydrogenation of imines

Imines were synthesized according to a literature procedure
[48]. Typical procedure: in a Schlenk tube under nitrogen atmo-
sphere, a solution of imine (100mg), Co,(CO)s (1 mol%) and
(R)-BINAP (2 mol%) in THF (10 mL) was transferred to a 45 mL stain-
less Steel Parr vessel which was pressurized at 450 psi with aH,/CO
mixture ina 1/3 ratio. The reactor was placed in a preheated oil bath
at 120° with magnetic stirring for 15 h. The reaction mixture was
purified by column chromatography using hexane and ethyl acetate
as eluents.

3. Results and discussion

In our preliminary studies, we determined the influence of
solvent, temperature, and carbon monoxide pressure, in the hydro-
genation of imine 3a (Eq. (1)) with Co,(CO)g/rac-BINAP (Table 1).
The reduction of 3a was not observed when working only with
hydrogen (H;) (entry 1), however, in the presence of CO/H, mix-
tures (3:1) (entries 2-4 and 7) good yields were obtained, behavior
that suggests the stabilization of the catalytic species by CO partial

pressure [40].
L
; Co,(CO)g/ HN ;
*

| »
solvent, pressure 450psi O O
Cl 4a Cl (1)

N
3a
At room temperature, the hydrogenation product was not
observed (entry 5) but, a temperature increase (120°C) favored
conversion and reaction yields (entries 4 and 6). The use of a
coordinating solvent (THF) led to the best enantiomeric excess
(95%ee) (entry 11), that contrasts with lower values obtained
when carrying out the reaction in other solvents such as:
toluene (67%ee), benzene (75%ee) and methylene chloride (52%ee)
(entries 8-10).

Table 1
Effect of the H,/CO ratio, solvent and temperature in hydrogenation of imine 3a.?
Entry Temperature (°C) H,/CO ratio Yields (%)° eeX%s
1 120 1/0 0 0
2 120 1/1 0 0
3 120 1/2 0 0
4 120 1/3 87 0
5 25 1/3 0 0
6 100 1/3 20 0
7 120 1/4 73 0
8¢ 120 1/3 91 67
9d 120 1/3 75 75
10¢ 120 1/3 80 52
11f 120 13 86 95

2 Reaction time 24h and 450psi pressure, 100mg of imine 3a, 5mol%
Co,(CO)s/rac-BINAP (1/2) and dry tetrahydrofuran (THF, 10 mL) as solvent.

b Isolated yield.

¢ The reaction was carried out in dry toluene (10 mL) as solvent and (R)-BINAP.

d The reaction was carried out in dry benzene (10 mL) as solvent and (R)-BINAP.

¢ The reaction was carried out in dry methylene chloride (10 mL) as solvent and
(R)-BINAP.

f The reaction was carried out in dry THF as solvent and (R)-BINAP.

€ Determined by HPLC.

Table 2
Optimization of the asymmetric hydrogenation of imine 3a.?

5

Nl Co,(CO)g/LL N N
THF, 24h, H,/CO 450psi
3a Cl 4a Cl.
Entry Co,(CO)s (mol%) Ligand Yield (%)P ee (%)°
1 5 L1 31 -
2 2 L1 30 -
3 5 L2 79 -
4 3 L2 80 -
5 2 L2 79 -
6 1 L2 81 -
7 1 L3 86 93
8 1 L4 83 53
9 1 L5 40 5
10 1 L6 34 1
114 1 L3 89 92
12¢ 1 L3 95 93
13f 1 L3 82 90
148 1 L3 95 63

2 Reaction conditions: imine 3a (100 mg), 1 mol% Co,(CO)g/ligand (1/2) in dry
THF (10 mL), 24 h, 450 psi with a 1/3 ratio (H,/CO), ligand: PPh; L1, rac-BINAP L2,
(R)-BINAP L3, (R)-Tol-BINAP L4, (S-S)-Me-DUPHOS L5, (S,S)-DIOP L6.

b Isolated yield.

¢ Determined by HPLC.

4 20h.
¢ 15h.
f12h
& Co,(CO)g/ligand (ratio: 1/1), 15h.

Our initial evaluation began with hydrogenation of imine 3a as
the model substrate, finding an optimal H,/CO ratio (1:3) in THF.
Afterwards, we tested the influence of different monodentate and
bidentate phosphine ligands in the conversion yields; the results
are summarized in Table 2.

The use of monophosphine ligand L1 resulted in poor yields
(entries 1 and 2), unlike the biphosphine ligands L2-L6, we found
that low catalyst loading (1%) did not affect the conversion of 3a
(entries 3-6). However, low yields were obtained when using Me-
DUPHOS L5 or DIOP L6 ligands (entries 9 and 10), compared to
those observed for L4 (entry 8) and (R)-BINAP L3, which achieved
the best result (entry 7). After 24 h we found in this reaction a lower
concentration of the by-product 5a (less than 6%), which was iso-
lated and fully characterized (Eq. (2)), same results were obtained
using the fluorinated imine 2b as substrate in catalytic amounts
of Coy(CO)g/L3 (1 mol%). Moreover, when we used previously pre-
pared amine 4a in the same reaction conditions, we found again the
product 5a (25%). Finally when this last reaction was carried out in
the absence of Co,(CO)g/L3 we did not find by-product 5a. This by-
product was not formed when the reaction time was reduced to
15h (entries 11-13).

HN Co,(CO)g/L3

_— >
4a cl 5a (2)

Noteworthy, the wuse of an equimolar mixture of
CO,(CO)g/ligand resulted in good reaction yield but low enantio-
selectivity (entry 14), this lack of selectivity could be related to the
existence of two hydride species, HCo(CO)4 and HCo(CO),-BINAP



M. Amézquita-Valencia, A. Cabrera / Journal of Molecular Catalysis A: Chemical 366 (2013) 17-21 19

Table 3
Asymmetric hydrogenation of imines from substituted anilines.?
R1\/ R
2 | X |
X X
NI Co,(CO)¢/BINAP HN
A - P X
| 15h, THF, H,/CO 450psi |
P e
1a Ry 2a Ro.
Entry Ry Ry Product Yield (%)° ee (%)°
1 4-Me 4-Cl 2a 98 81
2 4-Me 4-F 2b 96 78
3 4-MeO 4-Cl 2c 99 83
4 4-MeO 4-F 2d 97 70
5 2-MeO 4-Cl 2e 98 7
6 3-Cl 4-Cl 2f 98 4
7 3-Cl 4-F 2g 94 4
8 3-Cl 4-Me 2h 95 91

2 Reaction conditions: 100 mg of imine, 1 mol% Co,(CO)s/(R)-BINAP (1/2), dry THF
(10mL), 15 h, 450 psi with a 1/3 ratio (H,/CO).

b Isolated yield.

¢ Determined by HPLC.

(Eq. (3)), which are competing in the hydrogenation
step.

O
oc co H2 H C. H

Under the optimized reaction conditions [Co;(CO)g/(R)-BINAP,
THF, 15 h, H,/CO (1:3) 450 psi], a wide variety of imines were tested
to examine the reaction scope, starting with the synthesis of imines
derived from anilines with different substituents. Thus, the pres-
ence of different arylic groups attached to the nitrogen atom in the
imine can be tolerated with excellent yields (entries 1-8, 94-98%),
as shown in Table 3.

These substrates indicate a substituent effect on enantio-
selectivity, thus, the presence of p-Cl or p-F substituents on
the benzophenone moiety and p-Me or p-MeO groups on the
amine moiety, resulted in good enantioselectivities (entries 1-4,
70-83%ee), but a lower value was obtained when o-MeO was sub-
stituted on the aromatic ring in Ry (entry 5, 7%ee). The reduction
of enantioselectivity may be attributed to the steric hindrance of
the ortho substituent in the substrate. Furthermore, the inclusion
of a m-Cl substituent in the R; resulted in low enantioselectivity
(entries 6 and 7, 4%ee), however, the introduction of a p-methyl
group on the aromatic ring in R; led to an increase in enantioselec-
tivity (entry 8, 91%ee). In this context, we were able to determine
the structure of amine 2b by X-ray diffraction studies (Fig. 1).

This methodology was also applied to the asymmetric hydro-
genation of imines from benzylamines derivatives. The first
attempts resulted in excellent yields and good enantiomeric
excesses; the results are shown in Table 4.

As mentioned before, the conversion of all substrates resulted
in excellent yields (93-98%), although, the influence of the sub-
stituents affected the enantiomeric excess. Thus, the presence
of p-Cl, p-F or p-Me groups on the benzophenone moiety gave
excellent enantioselectivities (entries 1-3, 73-95%ee), meanwhile,
when Ry is a methyl group, slightly higher enantioselectivities were
obtained (entries 4-6, 96-99%ee). The variation of the substituent
attached to the benzylamine moiety for p-Cl, p-CF3 or m-CF3 groups
resulted in a negative effect on the enantioselectivities, which

-

Fig. 1. Crystallographic structure of compound 2b [49].

may be ascribed to both steric and electronic effects (entries 7-9,
41-72%ee). Moderated 36-58%ee were achieved with Ry =m-F or
para and meta CF3 groups in conjunction with p-F and p-Cl on the
benzophenone moiety (entries 10-13, 36-58%ee). Noteworthy, the
methyl group on the aromatic ring in Ry or Ry leads again to an
increase in enantioselectivity (entries 4-6 and 9).

Regarding the pathway of this reaction, we have developed
several stoichiometric experiments and we found the species con-
figuring the equilibrium shown in Scheme 1.

The reaction of Co,(CO)g A with BINAP at room temperature in a
stoichiometric 1:2 ratio results in the formation of B(Scheme 1) as a
brown powder compound in good yield (91% respect to Co,(CO)g).
Red crystals of B (this compound crystallizes with a THF molecule),
suitable for X-ray studies, were grown from slowly diffusion of

Table 4
Asymmetric hydrogenation of imines from substituted benzylamines.?
Ry
~a R4
| %
- |
Z
N Co,(CO)g/BINAP
| - HN
X .
| 15h, THF, H,/CO 450psi P X
% Ly
3a 4a R.
Entry R; R, Product Yield (%)P ee (%)°
1 H 4-Cl 4a 95 95
2 H 4-F 4b 96 94
3 H 4-Me 4c 98 73
4 4-Me 4-Cl 4d 94 99
5 4-Me 4-F 4e 96 99
6 4-Me 4-Me af 96 96
7 4-Cl 4-Me 4g 97 41
8 4-CF3 4-Me 4h 94 44
9 3-CF; 4-Me 4i 93 72
10 3-F 4-Cl 4j 97 37
11 4-CF3 4-F 4k 93 36
12 3-CF; 4-Cl 41 93 45
13 3-CF;3 4-F 4m 95 58

2 Reaction conditions: 100 mg of imine, 1 mol% Co,(CO)s/(R)-BINAP (1/2), dry THF
(10mL), 15h, 450 psi in a 1/3 ratio (H,/CO).

b [solated yield.

¢ Determined by HPLC.
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2COo
Coy(CO)s + 2 [L me—— (L-L)YCO)Co-p-(CO),-Co(CO);

A

(L-L: BINAP)

-2CO

(L-L)Co(CO),-Co(CO),(L-L)

B

+L-L,A

C

—
—

2 HCo(L-L)(CO),
D

Scheme 1. Equilibriums found with the system Co,(CO)s/L-L/H,/CO.

pentane into a solution of B in THF (Fig. 2). IR spectrum of B shows
five absorptions for the CO stretching frequencies at 2042, 1967,
1916, 1868, 1787 cm™1, this data is in accord with that reported
by Gibson’s group [46]. In the FAB* spectra of B the appropriate
ions peaks are found, additionally, the ESI mass spectrum shows a
characteristic fragmentation pattern of successive CO elimination.
The 3P NMR spectrum reveals a broad signal at 41.4 ppm, which is
assigned to specie B [46].

In order to obtain compound C, a temperature was increased
until reflux conditions favored C formation. The IR spectrum shows
two absorption bands at 2011 and 2030cm~! for terminal CO lig-
ands. In the FAB* and ESI mass spectra, the appropriate molecular
ions peaks are found, while, the recorded 3'P NMR spectrum reveals
a single resonance at § 61.08 ppm. Compound C is thermally sensi-
tive at atmosphere pressure and slowly decomposes in solution at
25°C. The hydride complex D was prepared from C in hydrogena-
tion conditions without substrate and it was possible to detect the
hydride moiety of D by the appearance of a band at 2063 cm~! in
the IR spectra [50,51]. In addition, the ESI mass spectra showed
a 710 m/z [M-CO] peak corresponding to [HCo(L-L)CO] moiety E
(Scheme 2), even though, the molecular ion was not observed.

The proposed mechanism sequence of this reaction is outlined
in Scheme 2, the pathway is presumed in the absence of a more
thorough study. As the reaction is conducted under CO atmosphere,
carbon monoxide dissociation-association is likely to be reversible
in many of these species (Scheme 1). The formation of a cobalt
hydride D is the first reaction step, followed by the loss of a CO
ligand from D giving species E (16e electrons), this species forms

Fig. 2. Molecular structure of compound B. Hydrogen atoms are omitted for clarity
[49].

R3HN
CH—-R?
R{ HCo(L-L}CO),
D
co
H,
o(L-L)(CO), HCo(L-L)(CO)
NRXCHR'R? E
G
NR?
g
H(io(L-L)(CO) R'TORE
R1
co \c:.: NR3
-
R

F

Scheme 2. Proposed mechanism sequence.

the cobalt intermediate F by coordination of the imine moiety.
Afterwards, an imine insertion into the Co—H bond would give an
amino-cobalt species G [52] with concomitant binding of the CO
ligand. The regeneration of the active species D could occur by dif-
ferent processes (hydrogenolysis, sigma-bond-metathesis reaction
or even oxidative addition-reductive elimination) in the presence
of Hz.

4. Conclusion

In summary, we reported for the first time the enantiose-
lective reduction of imines using dicobalt octacarbonyl system
modified with (R)-BINAP as ligand, where the methyl group sub-
stituent is a key feature for good enantioselectivity. In addition,
a mechanism is suggested based on the isolation and charac-
terization of several cobalt species. Therefore, this methodology
provides an attractive alternative to imines reduction under mild
conditions.

Acknowledgments

We thank DGAPA-UNAM for financial support (PAPIT
IN203209) and CONACyT (Fellowship 229448). Also, we gratefully
acknowledge A. Toscano, S. Hernandez-Ortega, J. Pérez, L. Velasco,
Rocio Patifio Maya, Ma. Angeles-Pefia, L.C. Marquez and E. Garcia
for technical support.



M. Amézquita-Valencia, A. Cabrera / Journal of Molecular Catalysis A: Chemical 366 (2013) 17-21 21

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/].
molcata.2012.08.019.

References

[1] E.N. Jacobsen, A. Pfaltz, H. Yamamoto, Comprehensive Asymmetric Catalysis,
Springer-Verlag, Berlin, 1999.
[2] W. Tang, X. Zhang, Chem. Rev. 103 (2003) 3029-3070.
[3] H.U. Blaser, C. Malan, B. Pugin, F. Spindler, H. Steiner, M. Studer, Adv. Synth.
Catal. 345 (2003) 103-151.
[4] S. Gladiali, E. Alberico, Chem. Soc. Rev. 35 (2006) 226-236.
[5] MJ. Bishop, R.W. McNutt, Bioorg. Med. Chem. Lett. 5 (1995) 1311-1314.
[6] C.M. Spencer, D. Foulds, D.H. Peters, Drugs 46 (1993) 1055-1080.
[7] S. Sakurai, N. Ogawa, T. Suzuki, K. Kato, T. Ohashi, S. Yasuda, H. Kato, Y. Ito,
Chem. Pharm. Bull. 44 (1996) 765-777.
[8] G.Jung, Angew. Chem. Int. Ed. 30 (1991) 1051-1058.
[9] L.N. Pridgen, M.K. Mokhallalati, M.J. Wu, J. Org. Chem. 57 (1992) 1237-1241.
[10] N. Plobeck, D. Powell, Tetrahedron: Asymmetry 13 (2002) 303-310.
[11] D.A. Pflum, D. Krishnamurthy, Z. Han, S.A. Wald, C.H. Senanayake, Tetrahedron
Lett. 43 (2002) 923-926.
[12] N. Cabello, J.-C. Kizirian, A. Alexakis, Tetrahedron Lett. 45 (2004) 4639-4642.
[13] DJ. Weix, Y. Shi, J.A. Ellman, J. Am. Chem. Soc. 127 (2005) 1092-1093.
[14] Y. Bolshan, R.A. Batey, Org. Lett. 7 (2005) 1481-1484.
[15] T.Hayashi, M. Ishigedani, J. Am. Chem. Soc. 122 (2000) 976-977.
[16] T.Hayashi, M. Kawai, N. Tokunaga, Angew. Chem. Int. Ed. 43 (2004) 6125-6128.
[17] M. Kuriyama, T. Soeta, X. Hao, Q. Chen, K. Tomioka, ]. Am. Chem. Soc. 126 (2004)
8128-8129.
[18] H.-F. Duan, Y.-X. Jia, L.-X. Wang, Q.-L. Zhou, Org. Lett. 8 (2006) 2567-2569.
[19] R.B.C. Jagt, P.Y. Toullec, D. Geerdink, J.G. de Vries, B.L. Feringa, A.]. Minnaard,
Angew. Chem. Int. Ed. 45 (2006) 2789-2791.
[20] Z.-Q. Wang, C.-G. Feng, M.-H. Xu, G.-Q. Lin, J. Am. Chem. Soc. 129 (2007)
5336-5337.
[21] ]J. Clayden, J. Dufour, D.M. Grainger, M. Helliwell, J. Am. Chem. Soc. 129 (2007)
7488-7489.
[22] W. Tang, X. Zhang, Chem. Rev. 103 (2003) 3029-3069.
[23] T.C. Nugent, M. EI-Shazly, Adv. Synth. Catal. 352 (2010) 753-819.
[24] J.-H. Xie, S.-F. Zhu, Q.-L. Zhou, Chem. Rev. 111 (2011) 1713-1760.
[25] C. Li, C. Wang, B. Villa-Marcos, ]. Xiao, J. Am. Chem. Soc. 130 (2008)
14450-14451.

[26] C.Li, B. Villa-Marcos, J. Xiao, J. Am. Chem. Soc. 131 (2009) 6967-6969.

[27] N. Mrisic, A.J. Minnaard, B.L. Feringa, ].G. de Vries, ]. Am. Chem. Soc. 131 (2009)
8358-8359.

[28] G. Hou, F. Gosselin, W. Li, J.C. McWilliams, Y. Sun, M. Weisel, P.D. O’Shea, C.
Chen, [.W. Davies, X. Zhang, J. Am. Chem. Soc. 131 (2009) 9882-9883.

[29] T.Imamoto, N. Iwadate, K. Yoshida, Org. Lett. 8 (2006) 2289-2292.

[30] H. Abe, H. Amii, K. Uneyama, Org. Lett. 3 (2001) 313-315.

[31] A. Suzuki, M. Mae, H. Amii, K. Uneyama, J. Org. Chem. 69 (2004) 5132-5134.

[32] S.-y. Shirai, H. Nara, Y. Kayaki, T. Ikariya, Organometallics 28 (2009) 802-809.

[33] D. Xiao, X. Zhang, Angew. Chem. Int. Ed. 40 (2001) 3425-3428.

[34] C. Fei, D. Ziyuan, Q. Jie, W. Tianli, H. Yanmei, F. Qing-Hua, Org. Lett. 13 (2011)
4348-4351.

[35] Z. Wang, X. Ye, S. Wei, P. Wu, A. Zhang, J. Sun, Org. Lett. 8 (2006) 999-1001.

[36] C.Zhu, T. Akiyama, Org. Lett. 11 (2009) 4180-4183.

[37] F. Hebrard, P. Kalck, Chem. Rev. 109 (2009) 4272-4282.

[38] O.Roelen, Angew. Chem. A 60 (1948) 213-227.

[39] R.M. Gémez, A. Cabrera, C.G. Velazquez, J. Mol. Catal. A: Chem. 274 (2007)
65-67.

[40] A. Cabrera, P. Sharma, ].L. Arias, ].L. Velasco, ]. Pérez-Flores, R.M. G6mez, ]. Mol.
Catal. A: Chem. 212 (2004) 19-23.

[41] ].]Jacob, W.D. Jones, J. Org. Chem. 68 (2003) 3563-3568.

[42] D. Diaz, V.S. Martin, Org. Lett. 2 (2000) 335-337.

[43] J.L. Arias, A. Cabrera, P. Sharma, N. Rosas, R. Sampere, J. Mol. Catal. A: Chem.
246 (2006) 237-241.

[44] ].L. Arias, A. Cabrera, P. Sharma, N. Rosas, A. Toscano, E.E. Martinez, Catal. Com-
mun. 10 (2009) 848-852.

[45] K. Hiroi, T. Watanabe, R. Kawagishi, I. Abe, Tetrahedron Lett. 41 (2000)
891-895.

[46] S.E.Gibson, S.E.Lewis,].A. Loch, ].W. Steed, M.J. Tozer, Organometallic 22 (2003)
5382-5384.

[47] S.E.Gibson, K.A.C. Kaufmann, P.R. Haycock, A.J.P. White, D.]. Hardick, M.]. Tozer,
Organometallics 26 (2007) 1578-1580.

[48] M. Amézquita-Valencia, G.A. Suarez-Ortiz. A. Cabrera, Synth. Commun., in
press.

[49] Supplementary Material Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic Data Centre CCDC No.
880817 and 880818.

[50] M.Haumann, R. Meijboom, ].R. Moss, A.Roodt, Dalton Trans. (2004) 1679-1686.

[51] M. Van Boven, N.H. Alemdaroglu, J.M.L. Penninge, Ind. Eng. Chem. Prod. Res.
Dev. 14 (1975) 259-264.

[52] X.-F. Wu, ]. Schranck, H. Neumann, M. Beller, Tetrahedron Lett. 52 (2011)
3702-3704.


http://dx.doi.org/10.1016/j.molcata.2012.08.019
http://dx.doi.org/10.1016/j.molcata.2012.08.019

	The first example of asymmetric hydrogenation of imines with Co2(CO)8/(R)-BINAP as catalytic precursor
	1 Introduction
	2 Experimental
	2.1 General
	2.2 Hydrogenation of imines

	3 Results and discussion
	4 Conclusion
	Acknowledgments
	Appendix A Supplementary data
	Appendix A Supplementary data


