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2-AZA-n-ALLYLPALLADIUM COMPLEXES FOR THE SYNTHESIS OF
B-CARBOXYASPARTIC ACID (ASA) DERIVATIVES!

Martin J. O'Donnell,* Xiaobei Yang and Min Li
Department of Chemistry
Indiana University-Purdue University at Indianapolis
Indianapolis, IN 46205 USA

Reaction of malonate anions with Schiff base acetates (3) in the presence of a palladium catalyst yields protected
derivatives of f-carboxyaspartic acid (5).

The rich chemistry of n-allylpalladium complexes has been utilized extensively in organic synthesis.2 While
the all-carbon allylic systems (1) have received considerable attention, examples of the synthetic utilization of
heteroatom-substituted -allyl systems are much rarer.3# In conjunction with our program for the synthesis of a-
amino acids from Schiff base protected derivatives of glycine and higher amino acids, we were
interested in exploring the 2-aza-n-allyl system (2) as a cationic glycine equivalent, which represents an "umpolung”
of the method developed by Genet for the palladium catalyzed allylation of Schiff base esters (Eq. 1).6 In principle,
provided nucleophilic attacks occurs at the a-carbon of the palladium complex 2, it should be possible to use a
variety of nucleophilic reagents for reaction with 2 to prepare a-substituted amino acid derivatives (Eq. 2). We
report here preliminary studies toward the realization of this goal.
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The Schiff base acetates (3), which are readily prepared and also commercially available,” have served as
versatile cationic glycine equivalents. These multifunctional compounds can be reacted with nucleophiles by a
number of different routes.’® 8 Consideration of the shaded structural subunit of (3) demonstrates the potential

H,N_ _CO,H

HO,C” ~CO,H
3 4

for using these compounds as pseudo allylic acetates in the context of palladium-catalyzed reactions. Thus, reaction
of (3) with malonate anion followed by deprotection could lead to the interesting, recently discovered a-amino acid,
B-carboxyaspartic acid (4) (ASA)? by construction of the indicated o carbon-carbon bond.

Indeed, reaction of acetate (3) (R=Et) with sodium dimethyl malonate overnight at room temperature in
acetonitrile in the presence of 10% of commercial tetrakis(triphenylphosphine)palladium(0) gave, following
purification, a 37% yield of the protected ASA derivative (5) (R=Et, R'=Me).10 Both the reaction time as well as
yield of purified product!! were improved substantially by reacting the methyl ester of (3) and NaCH(CO2Me),
with freshly prepared (Ph3P)4Pd12.13 (Table 1, entry a). Further experiments have shown that it is also possible to
use benzyl groups for protection of the carboxylic acid functionalities (Table 1, entry b) although the time of reaction
is lengthened with a slight decrease in yield. Combinations of the methyl and benzyl ester protecting groups
demonstrated that the key steric requirement is, as expected, in the 2-aza-n-allylic system (Table 1, entries c and d; 4
vs. 18 hours reaction time).14

Table 1. Preparation of Protected ASA Derivatives 5.11

NaCH(CO,R),
Ph,C=N ~CH —-CO,R - Ph,C==N —CH —CO,R
| cat. (Ph4P),Pd
OAc CHGCN, 25 °C, CH(COzn')z
3 5
Entry R R’ Time (hr) Isolated Yield(%)
a Me Me 2 79
b CH2Ph CH2Ph 18 58
c Me CH2Ph 4 50
d CH2Ph Me 18 36
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The protected derivatives (5) can be readily converted into ASA (4) by suitable variations in described

procedures for the isolation of ASA.9 Thus, mild acid hydrolysis of (58) (to remove the imine) followed by mild
saponification and isolation as the calcium salt led to (4) (Ca*2 salt). Hydrogenolysis of (5b) followed by workup
yielded ASA directly, along with small amounts of the decarboxylated product, aspartic acid.

1) INAq. HCI, EO

Ph,C==N—CH —CO,R > HN.__CO,
2) 1N Aq. NaOH I ca*?
CH(CO,R), ;
2t )2 3) 0.1N Aq. HCI to pH7 HO.C CO,
4) CaCl,
+2
5 (R=R'=Me, 65% Overall) 4 (Ca™ Saly
1) Hy, cat. PdCl, HeN~C0H
0.3N HCI, EtOH T Ho” NCoH
2) lon Exchange
(R=R'=PhCH,, 20% Overall 4
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