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Abstract:. Kinetic resoiution of race& ~-me~ylbea~l amine can be achieved with 98% 

ee. of the remaining amine at 70% conversion using the ~odi~2S~4S-B~FP catalyzed 

asymmetric hydrogenation of imines. The same eata&st will hydrogenate optically pure a- 

me~ylben~1 amines with a di~te~o~l~ivi~ of up to 333:l. 

In recent years, the homogeneous hydrogenation of prochiral imines was developed by several 

group~.‘~ ~n~tiorne~~ sekhities of up to 94% can now be obtajned depending on the etructwe of the 

ohirai ~ph~phinv &and used and on the structure of the imine substrate.’ In this p we ittustrate the 

use of asymmetric imine hyd~g~ation as a tool for the kinetic resolution of racemic a-me~ylben~l 

amines, and the diastereoselective synthesis of secondary amines. As the catalyst for this reaction we have 

used Rhodium-cyclooctadiene-chiral diphosphine complexes, usually prepared in sirs Homogeneous imine 

hy~og~~~on oata@& using other metals such as Iridium’, Ru~~lum’ and Tl~~~rn’ have also bean 

qorted. 

Results and discussion 

~~~~~eefive hydrogenation. The reaction for the preparation of the chiral imines and the 

subsequent hydrogenation to secondary amines is indicated in Scheme 1. The imines are obtained in a 

~~~orw~d manner by condensation of the amine with a ketone, The synthetic procedures were not 

optimized but pure imines could be obtained in sufftcient yield to serve the purpose of our investigation. 

The resuhs of the ~odinm-d~p~~hine catalyzed hydrogenativns are presented in Table 1, 

The hy~og~ation of 1a using the non-cbiral ~~o~hine ligand DPPP occurs with fhmo 

selectivity. Thus, R,R-bis(a-methylbenzyi) amine 2s is formed in preference over S,R-bis(a-methylbenzyl) 
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Scheme 1 

Table 1. The diasteteoselective hydrogenation of optically pure a-rn~yl~n~l imines. 

Imine 

(R)-la 
(S)-la 
W-18 
(RN 
(&la 
(It)-la 
(Q-la 
(R)-la 
(S)-la 
(RF 
(R)-lf 
(S)-If 
(it)-lf 
(R)-If 
(R)-le 

Ligand product ratio RR&R (or SSIRS) 

2S,4S-BDPP 333 
2S,4S-BDPP 15.2 
DPPP 10.4 
(-)DIOP 13.3 
(-)DIOP 12.2 
R-PROPHOS 1.15 
R-PROPHOS 2.3 
2S,3WHIRAPHOS 2.3 
2S,3S-CHIRAP~OS 1.5 
DPPP 2.0 
2S,4S-BDPP 54 
2S,4S-BDPP 3.2 
(-)DIOP 3.9 
(+)DIOP 2.2 
2S,4S-BDPP 51 



Diastereoselective hydrogenation of imines 217 

amine 2a’ when starting from (R)-la. This is the same selectivity es is observed for the heterogeneous 

hydrogenation of a-methylbenzyl imines by either Raney/Nickel or PdK.g.‘n The observed diastereomeric 

rauo of 10.4:l is quite respectable when compared with a selectivity of 5.7:1 obtained with Pd/C 

heterogeneous hydrogenation of the same substrate. The use of the chiral ligand 2S,4S-BDPP for the 

hydrogenation of (R)-la gives a large increase in the diastereomeric ratio RRSR to 333:l. Using the same 

ligand for the hydrogenation of (S)-la still yields the three product as the major product, but this time as 

the S,S-diastereomer. The product ratio SS:RS is now lowered to 15.2:1. In terms of double-stereo 

differentiation,” i.e. the interaction of a chiral reagent (catalyst) with a chiral substrate, we can say that the 

ligand 2S,4S-BDPP forms a matched pair with (R)-la and a mismatched pair with (S)-la.The mismatched 

pair, however, still results in a hydrogenation with rhreo selectivity. This is in contrast to the reversal of 

selectivity which is normally observed in e.g. the hydrogenation of chiral dehydrodipeptides.‘*-” Our results 

indicate that the selectivity of the hydrogenation of chiral imines is mainly substrate controlled. A similar 

observation was made for the ruthenium/BINAP catalyzed hydrogenation of allylic alcohols which is also 

predominantly substrate controlled.‘6 The other chiral diphosphine ligands we investigated are not as 

selective as 2S,4S-BDPP. The 2-carbon bridged ligands are not selective at all. The rate of hydrogenation 

decreases in the order 2S,4S-BDPP = DIOP > R-PROPHOS = CHIRAPHOS. The rates and selectivities 

are consistent with our earlier observations regarding the enantioselective hydrogenation of prochiral 

imines.” A methoxy group in the o&o position of the ketone part of the imine, as in compound le, 

reduces the selectivity to 5 1: 1. This is still a respectable diastereoselectivity. The optically pure imines (R)- 

If and (S)-lf are also hydrogenated by rhodium/2S,4SBDPP. The same selectivity trend was observed 

although the diastereomeric ratio of 5.4:l is much lower than with imine la. This dependence of the 

selectivity of the hydrogenation on the substrate structure is again consistent with our earlier observations.” 

The proximity of an aromatic ring to the C=N bond appears to be essential for a high enantioselectivity. 

Kinetic resolution. The imine (R)-la is hydrogenated at a rate which is about IO times faster than 

the rate of hydrogenation of (S)-la.The high diastereoselectivity and the rate ratio of about 10 prompted us 

to investigated the possible use of imine hydrogenation for the kinetic resolution of racemic amines. 

Because the hydrogenation of one enantiomer of the imine is faster than the hydrogenation of the other 

ensntiomer the result will be an optically enrichment of the substrate. This is indicated in the reaction 

scheme below. 
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Table 2. Kinetio resolution of racemic imines. 

imine Iigand time@) conversion(%) 

la 

lb 
It 

Id 
le 

hi 

2S,4S-BDPP 17 67 
@)_DIOP 17 56 
2S,3S-CHIRAPHOS 145 82 
R-PROPHOg 17 44 
2S,4S-BDPP 2 86 
2S,4S-BDPP 17 0 
(+).DIoP 17 0 
2S,3S-CHHUPHOS 17 0 
R-PROPHOS 17 0 
2S,4S-BDPP 0.75 51 
2S,4S-BDP#’ 17 72 
2S,4S-SDPP 5 80 

e.e.(%} of ruining imine 

83 
4 
7 
2 
19 

53 
98 
75 

We analyzed the optical purity of the remaining imine by hydrolysing the imine and derivatising the 

resulting primary amine $vitb Masher’s reagent.‘* The diastereomeric amides which are obtained can be 

analyzed by GC. With tile Iigand ZS,4S-BDPP the remaining imine has the expected (vide sups) S 

configuration. 

The results obtained for several imines and several chiral diphosphine ligands are given in Table 2. 

Consistent v&b our ear&r observatior# and those of others, lb the 2-carbon bridged diphosphines result in 

catalysts which hydrogethtte imines at a slow rate and wtth low selectivity. Only PS,I)S-BDPP resutts in a 

catalyst with a high selepivity. The rate of hydrogenation and the selectivity depends on the structure of 

the imine used. An imin/s derived from benzophenone (ld) was not hydrogenated at all whereas an imine 

derived from benxaldehyde (lb) was hydrogenated relatively fast but with very low selectivity. The kinetic 

resolution is best aobieqed with imines derived from ac~toph~one (la) or substituted acetophenones (It). 

‘Ihe imine bond does tit necessarily have to be prochiral. The imine derived from acetone (ld) is aiso 

hydrogenated with a reasonable selectivity. 

The calculatedi rate ratio E=k&ks,nw= 5.7 at 67 % conversion for imine la does not correspond to the 

rateconstant ratio k&k&= 10, obtained from the measurement of the hydrogenation rates of the 

individual, optically pute, enantiomea of la Because of this discrepancy we took a closer look at the 

euantiomeric excess of remaining imine as a function of conversion for the imines la and le. and 

compared this with the theoretically expected dependency. The results of this are presented in Figure 1. 

Imine Ie follows almost ideal behaviour and leads to a high enantiomeric excess in remaining substrate 

upon progressing of the conversion. Tire imine la on the other hand does not appear to follow ideal 

behaviour. The selectivbty drops of at higher conversion. Not much is known about the mech~ism of 

rhodium catalyzed imide hydrogenation, The initial binding of the imine appears to occur through the lone 
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F&me 1. ‘ha kinetic resolution of Ir (-) nnd le (A), dashed linw am thcoreticsl values for E = 5 and E = IO. 

pair of the imine nitrogen.’ Wi~out knowing the mechanism of the imine hydrogenation the difference in 

the resolution of In and le can not be easily expiainad. it has been pointed out for enzymatic kinetic 

resolution that the determination of rate ratios using conversion and enantiomeric excess of product or 

remaining starting material must be treated with some caution.” When e.g. product inhlbltion occurs, this 

method of determining E is not reliable. The better resolution results obtained with le , i.e. a more ideal 

dependence of e.e. on conversion, point out that the selectivity of the imine hydrogenation cau be influence 

by smafi changes in the imine structure. 

Experimental 

Reagents and instrumentation. (R)-, (S)- and racemic a-methylbenzyl amine (Fluka), 

acetophenone (Jans~en), 4-phenyl-2-butanone (Aidrich), benzophenone (Jaossen), 2S,4S-BDPP (&em), 

(+)- and (-)-DIOP (Fluka). ZS,SS-CHIRAPHOS (Aldrich), R-PROPHOS (Aldrich), [Rh(COD)Cl], (Aldrich) 

were commercial products and used as received. Solvents for the hydrogenation were degassed before use. 

The imines la-d were prepared by standard literature m~ods.‘~“~ NIvfR spectra were recorded on a 

Bruker APCZMIO spectrometer in CDCI,. 

f-(4.Phenyi-N-(t-phenylethylidene))butylamhte (lg): 4-phenyl-2-aminobutane ( 29.4 &;, 197.5 
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mmol) aad acetopbeaone (24.Og 197.5 mmol) were dissoltved in toluene (150 mJ.) sad kept on molecular 

sieves 4 A fur 20 g) for 1 week. The imiae tg fgt3.6 mmol) wes isolated by vacuum distillation (b.p. 15% 

170 “CY ImmHg), the purity checked by GC was > 98 %, antizpyn ratia as chained by ‘H nmr was 

8.61. ‘Ji NMR (CDClt ZOOIvJHz) 6 2.15 (!$ N=CC!f~ (major)), 2.29 (s, N=CCH, (minor)), 1.18 (d, J = 6.3 

Hz, N-CW, (aajof)), L10 (d, 6.8 Hz, N-WE!, (minor)), 1.95 (m, 2H, PhCJ$CH,), 2.60 (m. 2H, PhCH,), 

3.63 (m. IH, N-CH), 7.1-7.8 (m, IOH, G). ‘)C NMR @Xl,) 6 major 15.4, 21.3, 33.0, 40,0, 54.9, 

1632; 6 minor 22.2,29.3, 39.8, 56.4. 

(R)-l-Pbenyl-~2-14.phenylbutyfidene)ethy~amine (If): 4-phenyl-Z-butanone (4.84 g, 32.7 mmol) 

and ~~~-methylb~~l amine (4.85 g, 40 mmol} were dissolved in toluene (50 mL) Molecular sieves 4 A 

(ca 10 g) were added. iAAer one week the solvent was removed under reduced pressure and the product 

(4.82 g, 18.8 mmol) was isolated by vacuum ~~~~l~ion (150-160 *&I 1 mmHg), antiisy ratio as 

determined by ‘H nmt was 4.4:1. ‘H NMR (CDCl,, ZOOIvfHz~ 8 1.43 (d, J=6.6Hz, CHCH, (major)), 1.39 

(d, J=6.gHz, CHCH, (minor)), 1.84 (a NCCX, (major)), 2.07 (s, NCCH, (minor)), 2.55-2.95 (m, CH$HJ, 

4.60 (q, J=6,6Hz, CgGkij (major)), 4.12 (m,J;ftj.SHz, CHCH~(minor), 7.1-7.8 (m, fX_,). 13C NMR (CDCI,) 

6 major 24.7, 54.0, 17.8,44.1, 32.7, 167.4. (S)-lf was prepared in an identical way. 

fRJ1~Risjl-phlenylethgl)amine @a): jRhCODCl~, (48.8 mg, 0.099 mmol), ZS,4S-BDPP (98.8 mg, 

0.22 mmol) were dissdlved in methanol (20 mL) and stirred for 30 min. The imine (R)-Xa (2.25g, JO.1 

mmol) was added. Tit 
(f 

reaction solutian was transferred to the autoclave under argon. The autocIave was 

flushed three times with H, and then pressurized at 1000 psi with H,. After 17 h (R,R)-2a (2.158, 9.6 

mmol) wss isolated b$ bulb-to-bulb distillation. The obtained product was only contaminated with fR,S)- 

2a’ which was present in 0.3% (GC analysis). Compound 211 can be re~~s~li~d as its WC1 salt. ‘H and 

“C spectra were cons{stent with published data.‘” [alnaT i-158.3 (c 3 13, EtOH). 

Hydrogenatioh. General procedure: ~P.h(COD)CI], and the appropiate amount of dipbosphine were 

dissolved in deg~~~rneth~oi in a schienk tube under an argon atmosphere such tbat a solution of 

rhodmm diphospbine complex was obtained with a concentr~ion of O.S*IQZ M. After stirring this sohrtion 

for 30 min. the imine substrate was added in such an amount that a imine concentration of 0,s M wss 

obtained. The solution was transferred via syringe to a hastelloy-C SO mL Parr autoclave which had been 

flushed with argon prior to the transfer. The autoclave was flushed three time with HZ at 1000 psi and then 

pressurized with H, a, 1000 psi. The contents of the autopsy was kept under pressure and stirred at 20°C 

for the required time 

Analysis of $w hy&ogenatioo products. For the disstereoselective h~drogena~ the conversion 

and selectivity was determined by GC analysis of the crude reaction mixture. For the kinetic resolution 

~~rn~~, sample$ were taken at regular time intervals. The conversion of the reaction was d%~in~ 

by GC analysis of the crude reaction mixture. The en~tiomeric excess of the remaining imine was 

determined in the fdlawing way. Hydrolysis of the crude product wrth 3N HCI followed by standard 

acidbsse workup gave a mixture of primary amine and secondary amines. The e.e. of recovered primary 
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amine was determined by derivatization with Masher’s reagent and GC analysis of the thus obtained 

mixture of diastereomerie amides.” 

Conclusion 

We have demonstrated that rhodium/diphosphine catalyzed asymmetric hydrogenation of imines can 

be used to obtain a-methylbenayl amines in high optical yields by kinetic resolution of the corresponding 

racemic imines. The diastereoselective hydrogenation of optically pure imines using 2S,4S-BDPP as a 

ligand for the homogeous rhodium catalyzed hydrogenation occurs with high diastereoselectivity and can 

be a useful tool for the preparation of a single diastereomer of secondary a-methylbenzyl amines. Initial 

data suggest that the approach of diastereoselective hydrogenations and kinetic resolution may result in a 

better understanding of the mechanism of imine hydrogenation and even the subtle ligand-substrate steric 

interactrons responsible for the selectivity of the hydrogenation. 
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