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SYNTHETIC COMMUNICATIONS, 30(10), 1779-1786 (2000) 

A CHIRAL, OXIDATIVELY CLEAVABLE AUXILIARY IN CONJUGATE 

ADDITIONS OF LITHIUM AMIDES. PREPARATION OF 

ENANTIOMERICALLY PURE P-AMINO ACID DERIVATIVES 

Joachim Podlech. 

Institut filr Organische Chemie der Universitiit Stuttgart, 
Pfaffenwaldring 55, D-70569 Stuttgart, Germany 

Abstract: Addition of enantiomerically pure 4-methoxyphenethyl-substituted lithium 
amides to a$-unsaturated esters leads to p-amino acid derivatives 4 - 7 with selectivities 
> 95 : 5. The auxiliary can be cleaved by oxidation with cerium(lV) ammonium nitrate 
(CAN) and subsequent hydrolysis of the resulting mixture of imines. 

Several methods for the stereoselective synthesis of p-amino acids have been pre- 

sented during the last decades.',2 Davies et al. used chiral lithium amides in con- 

jugate additions to cr,P-unsaturated carboxylic esters. Excellent selectivities (up to 

> 99 : 1) could be achieved with phenethyl-substituted secondary lithium amides 

like benzylphenethylamide, allylphenethylamide3t or 3,4-dimethoxybenzylphe- 

neth~lamide.~ Similar work in this direction was published by Sewald et al., who 

used chiral amido cupratesS6 

*To whom correspondence should be addressed. 
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1780 PODLECH 

Recently, we presented a variation of the Staudinger reaction leading to p-lactams 

starting from amino acid derived diazoketones. To improve selectivities in this 

reaction, we used chiral imines prepared from pru-methoxyphengthylamine 

(PMPE-amine, l).' These enantiomerically pure, chiral amines are easily accessi- 

ble by enzymatic kinetic resolution using lipases.* 

In this paper, we present the utilisation of the PMPE-auxiliary in the formation of 

enantiomerically pure p-amino acids. Since this auxiliary is easily cleaved using 

oxidative conditions, it should be useful for the preparation of substrates, which 

do not tolerate hydrogenolytical conditions (which have to be used for the 

cleavage of phenethyl-substituents). 

We prepared PMPE-substituted, secondary amines in analogy to a published 

pr~cedure,~ reacting equimolar portions of PMPE-mine 1 and allyl- or 4-me- 

thoxybenzyl (PMB-) bromide, respectively, in hexahydro- 1,3-dirnethyl-pyrimidin- 

2-one (DMPU), using potassium carbonate as a base. Thus we obtained allyl-4- 

methoxyphenethylamine (2) and 4-methoxybenzyl-4-methoxyphenethylamine (3) 

in 85 % and 77 % yield, respectively. 

The secondary amines were deprotonated with nBuLi at -78 "C and reacted with 

cinnamates and crotonates yielding the corresponding p-amino acid derivatives 

after work-up. In 'H NMR spectra of the crude products only one isomer could be 

observed (d. r. > 95 : 5). The addition to rerrbutyl cinnamates gave products 4 and 

5 after chromatography in excellent 84 and 88 % yield, respectively (scheme 1 

and table, entry 1 ,2). The usage of methyl cinnamate or ethyl crotonate as Michael 

acceptors led to yields up to 45 %. 
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PAMINO ACID DERIVATIVES 1781 

Scheme 1 

+ R 2 + ~ ~ 2 ~ 3  THF 

Me0 JJb' Li I -78 O C  

2, 3 

4 - 7  c J 

Table: Addition of PMPE-Substituted Amides to a$-Unsaturated Esters. 

Entry Amine R' R2 R3 Product Yield d. r. 

1 2 Ally1 Ph tBu 4 8 4 %  > 9 5 : 5  

2 3 PMB Ph tBu 5 8 8 %  > 9 5 : 5  

3 3 PMB Ph Me 6 4 4 %  > 9 5 : 5  

4 3 PMB Me Et 7 4 1 %  > 9 5 : 5  

The protective group and the auxiliary could be cleaved using CAN as oxidizing 

agent (scheme 2). In this reaction an oxidation of the intermediately formed se- 

condary amines to a mixture of imines was observed;" they can be readily hy- 

drolyzed using hydrochloric acid in methanol. The p-amino acid" is separated 

from its by-products (4-methoxyacetophenone and anisaldehyde) by appropriate 

aqueous work-up (taking the amine in the aqueous phase and extraction). 

The conjugate addition of PMPE-substituted lithium amides proceeds with excel- 

lent selectivities and is therefore a useful extension to the work presented by Da- 
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1782 PODLECH 

vies et ul. The utilisation of PMPE-mines in other organic reactions is currently 

under investigation in our laboratories. 

Scheme 2 

6eq. CAN 
c 

Me0 OMe MeCN I H20 
b02Me rt, 17 h 

Me0 qNgC””‘ + Meoa +C02Me 

/ N  

Ph Ph 

1) MeOH I HCI cone. 10 : 1 
NH 

* Ph c C 0 2 M e  
60 OC, 2 h 

2) extraction 60 % 

Experimental Section 

PMPE-amine (1) and similar enantiopure amines can be purchased from Lan- 

caster. ‘H- and %NMR spectra were recorded with a Brukr ARX 500 spectro- 

meter at room temp. in CDC13 with TMS as internal standard. Mass spectra were 

recorded using a Finnigun MAT 95 [FAB or CI ( C h  or NH+technique] or a 

Vuriun MAT 71 1 instrument (EI). IR spectra were recorded with a Bruker IFS 28 

or a Perkin-Elmer 283 instrument. Elemental analyses were performed by the ser- 

vice of the Institut ALr Organische Chemie, Stuttgart. 

Typical procedure for the preparation of the amines 2 and 3:’ 

(R)-N-Allyl-l-(4-methoxyphenyl)ethylamine (2): 2.99 g (19.8 mmol) (R)-l-(4- 

methoxypheny1)ethylaine (R)-1 was dissolved in DMPU (30 ml) under a nitro- 
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&AMINO ACID DERIVATIVES 1783 

gen atmosphere and treated with 4.20 g (39.6 mmol) Na2C03. To the resulting 

suspension was added dropwise 1.71 ml(19.8 mmol) ally1 bromide and the mixtu- 

re was heated to 65 "C for 3 h. The mixture was cooled and water was added. Af- 

ter extraction with Et20, the organic layers were re-extracted with water, dried 

(MgS04) and concentrated. Flash column chromatography (light petroleum / ethyl 

acetate /NEt3 500 : 50 : 3 3 100 : 100 : 1) yielded pure amine 2 (2.81 g, 85 %) as 

a yellowish liquid: IR (film) 3322 cm-' (NH), 2960, 2834 (CH), 1611 (C=C); 

[ c z ] ~  +66 (C 1.7, CHCl3); 'H NMR (CDCl3, 500 MHz) 6 1.34 (d, J 6.5 Hz, 3 H, 

CHCH3), 3.08 (dq, J 6.0, 1.6 Hz, 2 H, NCHz), 3.76 (4, J 6.6 Hz, 1 H, CHCH3), 

3.79 (s, 3 H, OCH3), 5.06 (dq, J 10.2, 1.6 Hz, 1 H, CH=CH2-trans), 5.12 (dq, J 

17.2, 1 H, CH=CHz-cis), 5.88 (ddt, J 17.1, 10.3,6.0 Hz, 1 H, CH=CH2), 6.86 (d, J 

8.7 Hz, 2 H, arorn. CH), 7.23 (d, J 8.5 Hz, 2 H, arorn. CH), NH covered; 13C 

NMR (CDC13, 126 MHz) 624.2 (4, CHCH3), 50.2 (t, N-CH2), 55.2 (4, O-CH& 

56.8 (d, CHCH3), 113.8 (d, arom. CH), 115.6 (t, CH=CH2), 127.6 (d, arom. CH), 

137.0 (d, CH=CH2), 137.6 (s, arom. C), 158.5 (s, arom. C); MS (EI, 70 eV): m/z 

(%) 191 (8, M'), 176 [IOO, (M - CH3)'], 135 [23, (M - C3H6N)'I; Anal. calcd. for 

C12H17NO: C, 75.35; H, 8.96; N, 7.32. Found: C, 75.44; H, 9.04; N, 7.27. 

(R)-N-Benzyl-l-(4-methoxyphenyl)ethylamine (3): [a]? +53 (c 1.1, CHC13); 

Anal. calcd. for C L ~ H ~ I N O ~ :  C, 75.25; H, 7.80; N, 5.16. Found: C, 75.00; H, 7.84; 

N, 5.1 1. 

Typical procedure for the preparation of the adducts 4 - 7:4 

rerrButyl (3S, 1 'R)-3 - [Allyl- 1 -(4-rnethoxyphenyl)ethylamino]-3-phenylpropanoate 

(4): A solution of (R)-allyl-l-(4-methoxyphenyl)ethylamine 2 (1 91 mg, 1 .OO 
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1784 PODLECH 

mmol) in anhydrous THF (3.5 ml) was cooled to -78 "C and nBuLi (589 pl, 0.94 

mmol) was added. The pink solution was stirred for 30 min and a solution of tert- 

butyl cinnamate (178 mg, 871 p o l )  in THF (0.5 ml) was added via syringe. Stir- 

ring was continued for 2 h at -78 "C and satd. NH4C1-soln. (1 ml) was added. Af- 

ter warming to room temp. the mixture was extracted with CH2C12. The organic 

layers were dried (MgSO4), concentrated and chromatographied (light petroleum / 

ethyl acetate 20 : 1) to yield adduct 4 (289 mg, 84 %) as a yellowish oil, Rj 0.33 

(tlc, light petroleum / ethyl acetate 1 : 9); IR (film) 2976 crn-l, 2934, 2835 (CH), 

1730 (C=O); [a];' +11 (C 0.6, CHCL); 'H NMR (CDCl3, 500 MHz) 6 1.14 (d, J 

6.9 Hz, 3 H, CHCH3), 1.29 [s, C(CH3)3], 2.57 (dd,J 14.6, 8.9 Hz, 1 H, H-2& 2.75 

(dd, J 14.7, 6.0 Hz, 1 H, H-2b), 3.12 (dd, J 5.8, 1.2 Hz, 2 H, NCHl), 3.78 (s, 

OCH3), 3.97 (9, J 6 . 7  Hz, 1 H, CHCH3), 4.42 (dd, J8.9,  6.1 Hz, 1 H, H-3), 5.02 

(dd, J 10.2, 1.3 Hz, 1 H, CH=CHz-lruns), 5.13 (dd,J 17.3, 1.4, CH=CHz-cis), 5.77 

(ddt, J 17.3, 10.2,6.2 Hz, 1 H, CH=CH2), 6.85 (d, J 8 . 9  Hz, 2 H, arom. CH), 7.21 

- 7.37 (m, 7 H, arom. CH); 13C NMR (CDCl3, 126 MHz) S 16.4 (9, CHCH3), 27.9 

[q, C(CH3)3], 39.2 (t, C-2), 49.5 (t, NCH2), 55.2 (q, OCH3), 55.5 (d, CHCH3), 59.1 

(d, C-3), 80.1 [s, C(CH3)3], 113.3 (d, arom. CH), 115.6 (t, CH=CH2), 127.0, 

128.1, 128.1 128.6 (4 d, arom. CH), 136.9 (s, arom. C), 139.1 (d, CH=CH2), 

141.7, 158.2 (2 s, arom. C), 171.3 (s, C-1); MS (EI, 70 eV) m/z (%) 395 (2, M'), 

380 [8, (M - CH3)+], 280 [12, (M - C~HIIO~)'], 260 [37, (M - CsHllO)'], 204 

(27, CI~HMO;), 135 (100, CsH110'); Anal. calcd for C Z S H ~ ~ N O ~ :  C, 75.91; H, 

8.41; N, 3.54. Found: C, 75.71; H, 8.43; N, 3.44. 
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PAMINO ACID DERIVATIVES 1785 

tertButyl(3S, 1 'R)-3 - [4-methoxybenzyl- 1 -(4-methoxyphenyl)ethylamino]-3 -phe- 

nylpropanoate (5): [a]? +21 (c 0.4, CHC13). Anal. calcd for C30H37N04: C, 75.76; 

H, 7.84; N, 2.94. Found: C, 75.61; H, 7.97; N 2.88. 

Methyl (3S, 1 'R)-3-[4-methoxybenzyl- 1 -(4-methoxyphenyl)ethylamino]-3-phenyl- 

propanoate (6): [a]kO +16 (c 1 . l ,  CHC13). Anal. calcd for C27H31N04: C, 75.80; H, 

7.21; N, 3.23. Found: C, 74.57; H, 7.26; N 3.15. 

Ethyl (3S,l'R)-3-[AIIyI- 1 -(4-methoxyphenyl)ethylamino]butenoate (7): [a]? +22 

(c 0.9, CHC13). Anal. calcd for C23H31N04: C, 71.66; H, 8.1 1; N, 3.63. Found: C, 

71.58; H, 8.1 1; N 3.63. 

Acknowledgement: The help of all members of the Institut f3r Organische Che- 

mie, especially of Prof. Dr. V. Jager and Prof. Dr. Dr. h. c. F. Effenberger is grate- 

f d l y  acknowledged. This work was hrther supported by the Fonds der Chemi- 

schen Industrie, the Deutsche Forschungsgemeinschafr, and the BASF AG (dona- 

tion of enantiomerically pure amines). 

References and Notes: 

(1) Enantioselective Synthesis of PAmino Acids; Juaristi, E., Ed.; Wiley-VCH: 
New York, 1997. Cole, D. C. Tetrahedron 1994,50,9517. 
Podlech, J.; Seebach, D. Liebigs Ann. 1995, 1217. 
Davies, S. G.; Garrido, N. M.; Ichihara, 0.; Walters, I. A. S. J. Chem. Soc., 
Chem. Commun. 1993, 1153. Davies, S. G.; Fenwick, D. R. J.  Chem. SOC., 

Chem.Commun. 1995, If, 1109. Davies, S. G.; Ichihara, 0. Tetrahedron: 
Asymmetry 1996, 7,  1919. Davies, S. G.; Fenwick, D. R. Chem. Commun. 
1997, 565. Davies, S. G.; Fenwick, D. R.; Ichihara, 0. Tetrahedron: Asym- 

(2) 
(3) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Pe

nn
sy

lv
an

ia
] 

at
 0

5:
36

 2
2 

Ju
ly

 2
01

3 



1786 PODLECH 

metry 1997, 8, 3387. Brackenridge, I.; Davies, S. G.; Fenwick, D. R.; Ichi- 
hara, 0.; Polywka, M. E. C. Tetrahedron 1999,55,533. 
Davies, S .  G.; Walters, I. A. S. J Chem. Soc., Perkin Trans. 1 1994, 1129. 
Davies, S. G.; Ichihara, 0. Tetrahedron Lett. 1998,39,6045. 
Sewald, N.; Hiller, K. D.; Helmreich, B. Liebigs Ann. 1995,925. 
Podlech, J.; Steurer, S. Synthesis 1999,650. 
Reetz, M. T.; Dreisbach, C. Chimiu 1994, 48, 570. Reetz, M. T.; Schi- 
mossek, K. Chimia 1996, 50, 668. Larsson, A. L. E.; Persson, B. A.; Bbk-  
vall, J.-E. Angew. Chem. 1997, 109, 1256; Angew. Chem. Int. Ed. Engl. 
1997,36, 121 1. Balkenhohl, F.; Hauer, B.; Landner, W.; Pressler, U. (BASF 
AG, Germany) Ger. Patent DE 4332738, 1995; Chem. Abstr. 1995, 112, 
289035. Balkenhohl, F.; Ditrich, K.; Hauer, B.; Ladner, W. J. Prukt. Chem. 
1997,339,38 1. 

(9) Juaristi, E.; Murer, P.; Seebach, D. Synthesis 1993, 1243. 
(10) Similar oxidations of secondary amines to imines have been observed using 

tertbutyl peroxide and catalytic amounts of tris(tripheny1phosphine)ruthe- 
nium(I1) dichloride: Murahashi, S . 4 . ;  Naoto, T.; Taki, H. J. Chem. Soc., 

Chem. Commun. 1985,613. 

(4) 
(5) 
(6) 
(7) 
(8) 

(1 1) The (3-configuration of methyl 3-amino-3-phenyl-propanoate was esta- 
blished by measurement of optical rotatory power: [a];o -21 (c 0.3, CHCl3). 
Ref.: [a]g -20.3 (c 1.53, CHCl3), Kilhne, P.; Linden, A.; Hesse, M. Helv. 
Chim. Actu 1996, 79, 1085. 

Accepted 8/27/99 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Pe

nn
sy

lv
an

ia
] 

at
 0

5:
36

 2
2 

Ju
ly

 2
01

3 


