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Summaly: The electrophilic cleavage of the nickelacycles resulting from oxidative addition of Ni(0) complexes to iv-protected 
aspartic and glutamic anhydrides, followed by decarbonylation, gives rise regioselcctively to derivatives ofa-and Balaoine or a - 
and 7 -aminobutyric acid, respectively. 

The developing of synthetic strategies for the preparation of enantiomerically pure amino acids has 

attracted considerable interest in recent years.’ Much of the attention has been focused on glycine synthons, 

although the use of alanine equivalents, and related synthons, has considerable synthetic potential.* In this regard, 

the preparation of chiral nickelacycles 1 and 2 would provide valuable starting materials for the elaboration of 

important natural and unnatural ammo acids.‘” 
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Herein, we wish to report on the regioselective generation of oxanickelacycles 1 and 2 (n = 1 or 2) 

starting from readily available N-protected aspartic and glutamic acid anhydrides, and their electrophilic cleavage. 

It is hoped that these nickelacycles will be of synthetic use as synthons for a-alanine and a-aminobutyric acid, 

Recently it was reported that Ni(COD)(bpy)’ reacts with succinic anhydride to give the oxidative 

addition product, which after decarbonylation affords nickelacycle 3.” A related reaction sequence transforms 

glutaric anhydride into the six-membered ring nickelacycle 4, which can suffer isomerixation to a five-membered 

ring complex by a R-hydride elimination/insertion process.’ 

The utilization of aspartic or glutamic anhydrides* in the above reaction addresses the question of the 

regiochemical control in the oxidative addition step to the unsymmetrical anhydrides, and the compatibility of 

the highly reactive Ni(0) complexes with the NH functionality and the protective groups. In the event, treatment 

of Cbz-aspartic anhydride with the complex Ni(COD)(bpy) in THF at 23 “C gave a dark red suspension of 

oxidative addition products. Hydrolysis with aq HCI gives the expected Cbz-Asp-OH. Decarbonylation was 

achieved after heating in THF for several hours, yielding a 1:l mixture of Cbz-a-Ala-OH and Cbx-B-Ala-OH in 

’ This Letter is dedicated to the memory of Prof. John K Stille. 

4783 



4784 

88 % yield: after acid quenching of the crude reaction mixture. ” Selected results of this oxidative addition- 

decarbonylation process are summarized in Table 1. 

Table 1. Oxidarive aaWtion and Decatiwnylation of N-Protected Asptiic Anh_witides. 

+ Ni(COD& 
THF. A: COOH 

H,O’ 
+ 

%N COOH QJ 

a-Ala B&a 

entry R,RLb r, product ratio yieldb 
a-Ala S-Ala (%a) 

1 Cbz,H bpy 1 1 88 

2 Me,Phen 2 1 61 
3 TMEDA 9 1 60 

4 PCY, 1 1 18 

5 dppf 1 3 54 
6 TFA,H TMEDA 2 1 86 

7 Pht bpy 1 3 91 

8 Me,Phen 11 1 91 

9 TMEDA 1 1 82 

10 PCY, 1 10 82 

11 1 28 91d 

12 PPh; 4 1 80 

(a) Unless otherwise stated, the reactions were carried out in THF under retlux for 4-8 h with 1.1-1.5 equiv of Ni(0) complex, 
prepared in situ from Ni(COD), and 1 equiv of the corresponding &and (except for entry 12, where 2 equiv were used). (b) 
Yields were determined by 300 MHz ’ H NMR, and were confirmed in several instances by isolation of the ammo acids or the 
methyl esters derivatives (CH,N,, Et,O). The only other constituent of the crude reaction mixture was the N-protected aspartic 
acid. (c) Reaction run at 23’C. (d) Reaction in benzene at 23’C for 25 h. 

Selective C-4 attack by the Ni(0) complex was obtained by using more sterically demanding ligands 

(entries 2,3, and 8), although replacement of the iv-protecting group by the more electron-withdrawing TPA or 

Pht increases the amount of C-l attack (compare entries 3,6, and 9)” Particularly interesting was the observation 

that addition of PC&, presumably giving the coordinatively unsaturated complex Ni(COD)PCy, directs the 

reaction to c-1, leading, after decarbonylation and acid hydrolysis, to Pht-g-Ala-OH.* This result is in contrast 

with the selective C-4 attack observed with PPh, (2 equiv) (entry 12)” and may be a consequence of the 

coordination of the unsaturated Ni(0) complex with the imide protective group. Accordingly, utilization of 

benzene as solvent results in an increase of the regioselectivity for oxidative addition through the C-l carbonyl. 

On the other hand, no reaction was observed with Ni(COD), itself, or when Me,bpy or bqy were used as ligands. 

The reaction of (I?)-?viTPA-(S)-aspartic anhydride” with Ni(0) to give (R)-MTPA-@)-Ala-OH was also 

briefly examined to determine the degree of C-2 epimerization during the reaction sequence. Satisfactory results 

were obtained with PCy, and PPh, (80-90% de, determined by ‘H and ‘F NMR), while TMEDA gave ca. 50% 

de, and Me*Phen led to a 1:l mixture of diastereoisomers.” 



4785 

The oxidative addition of Ni(O), with concomitant decarbonylation, to N-protected glutamic anhydrides 

was also studied (Table 2). In this instance good to excellent selectivity in the oxidative addition through the C- 

5 carbonyl was obtained for Cbz-glutamic anhydride. This trend was reversed again with PC& and the phthalimido 

protective group, yielding Pht-y-Abu-OH as the major product (Table 2, entry 6). 

Table 2. &dative Addition and Decarbonylalion of N-Protected Glutantic Anhydtides.* 

X0 

Q + Ni(COD)L, 
THF, A: ) 

R*N 
H,O’ 

0 

Clu WAbu -Abu 

entry R,R& product ratio 
a: -Abu 7 -Abu 

yieldb 

(S) 

1 Cbz,H bpy 5 1 75 
2 Me,Phen 4 1 6.5 
3 TMEDA 250 <l 96 
4 PC% >50 <l 40 
5 Pht bpy 3 1 46 
6 PCY, 1 3 91 

(a) The reactions were carried out as in Table 1, but for 2-2.5 h. (b) See comment b in Table 1. Additionally small amounts (cu. 
4-10 %) of Cbz-pyroglutamic acid were also obtained in several runs. 

Having established the regiochemical control in the oxidative addition step, the deuteriation of the five- 

membered ring nickelacycles was also studied. Reaction of the decarbonylated metalacycles with DC1 (20% D,O 

solution) at 23 “C gave 3-d-alanines 5 (as in entry 3, Table 1 but at 23 “C, 43% yield, 93% d) and mc-6 (entry 

8, Table 1, 23 “C, 70-80% yield, 80-84 % d) (Eq l).” The corresponding mc-Pht3-d-g-Ala-OH (7)” was also 

prepared by using Ni(COD)(bpy) (entry 7, Table I,23 “C, 38 % yield, 91 % d) .I6 These results demonstrate the 

usefulness of the described reaction sequence for the selective labeling of alanines by decarboxylation of aspartic 

acidsn Furthermore, treatment of mc-Pht-aspartic anhydride with Ni(COD)(Me,Phen) (Table 1, entry 8), 

followed by addition of N-bromosuccinimide at 23 “C gave mc-Pht-3-bromo-Ala-OH (8)” in 80 % yield (Eq I).” 

0 
COO” 

THF; 
+ Ni(COD)L, E’ 

E 
0% 1) 

5, E-D. R-Cbr.H 7, E - D. R = Pbl 

6, E = D, R = Pht 
8, E - Br. R - Pht 

Further experiments directed towards the determination of the synthetic potential of these and related 

nickelacycles are in progress. 
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