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A SUPERIOR SYNTHESIS OF ASPARTAME 

Fredrlc J. Vinick* and Stanley Jung 

Central Research, Pfizer Inc., Groton, Connecticut 06340 USA 

Abstract: The dlpeptlde sweetener, aspartame, has been prepared 
In high yield via the coupling of L-phenylalanlne methyl ester 
and L-aspartlc acid N-thlocarboxyanhydrrde. 

The novel dipeptlde sweetener, aspartame,* I, was first synthesrzed In 1966.' Since that time 

considerable effort has been devoted to dlacoverlng a short, highly efficient route to thrs unique 

substance. 

HO cpc~” 
2 CO2CH3 

In order to synthesize aspartame effectively one must overcome the inherent dlfflculty of 

achieving reglospeclfrc reactlvlty at the a-carboxyl group of aspartlc acid, 2. 

Two partrcularly lngenrous solutions to this problem have been reported. Pletsch' utilized 

B-lactam 2 as a means of protecting the aspartyl f3-carboxyl group; Isowa and Oyama* were able to 

couple N-carbobenzoxy-L-aspartlc acid exclusively at the a-positron, employing the enzyme, thermo- 

lysm, as a catalyst. 

2 

The most commonly used approach to aspartame has, however, involved ring openrng of an aspartlc 

anhydrlde, e.g., 4a_c. 5-s 
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4a X = H*HC15a-d - 

4b X = CH06’7 - 

& x = CO2CH20 

Due to non-regiospeclflc ring opening, 4a_c all lead to mixtures of 0 and 8 Isomers (the 

O--isomer predomlnates) which must then be separated. 

We wish to report a hrgh yield synthesis of 1 which 1) insures completely reglospeclfrc a 

couPlln& 2) can be carried out in three steps, and 3) utrllzes the novel, previously unknown 

aspartrc acid derivative, 5. 

The reaction sequence used is outlined in the scheme shown below: 

CH3CH20 SCH3 

L NH2 

f-3 
H02C C02H 

2 

aq NaOH/CH30H 
45oc LHN 

n 

OCH2CH3 PBr3 
ethyl acetate 

w H02C C02H 

i 

H2O 
pH 8 5-9 5 

# 

Methyl ethyl xanthate (1.1 equivalents) was reacted with 2 (1.0 equivalents) at 4%50°C for 

2 hr In a 1:l mixture of aqueous sodium hydroxide (2.0 equivalents) and methanol to give thlono- 

urethane 2 (89%; mp 133°C; [alis = +57.1° (C=l, THF)). When a solution of 2 (1.0 equivalent) in 

ethyl acetate was treated wrth PBr 3 (0.35 equivalents) at 25'C, a mildly exothermrc reaction took 

place, and white crystals of L-aspartic acid N-thiocarboxyanhydrlde (L-Asp-NTA), 6,' precipitated 

(90X; mp 200-205% (dec.); [a]i5’ = -109' (C=l, THP)). 

The preparation of this NTA, a unique substance with interesting physical and chemical proper- 

ties, merzts further dlscusslon. 
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Amino acid NTA’s have rarely been used in peptlde synthesrs.loa Compound 5 has been alluded to 

in the patent literature, lob but its preparation, characterrzatlon, and utilization have never been 

reported. In light of the instability of the Leuch’s anhydride (NCA) of L-aspartic acld,‘oc we were 

not sure that 2 could, in fact, be synthesized. Consequently, we were surprrsed to find that 2 could 

be made in high yield as a stable, crystallrne material. Attempts to prepare 2 using reagents other 

than PBr3 (e.g., PC13, PC15, acetyl bromide) led to significant decreases in yield and/or optical 

purity.” 

The critical peptide coupling reaction was then carried out under conditions of pH and tem- 

perature control’Oa as described below: 

L-Phenylalanine methyl ester hydrochloride (108 g, 0.50 mol) was dissolved in 900 ml of water 

at 0-5’13 and the pH of the solution adJusted to 9.1 with 50% aqueous sodium hydroxide. Compound 5 
_ 

(105 g, 0.60 mol) was then added portionwise with vigorous stirrrng; the pH was maintained at 8.5- 

9.5 by the addition of more base as needed. After the completion of the NTA addition, stirring was , 

continued at 0-5’C until the pH stabilized at 9.1 (1 hrl. The reaction mixture was diluted with an 

equivalent volume of methanol and adJusted to pH 4.5-5.0 at O’C with 12N HCl (COS gas evolution). 

The precipitated aspartame was collected by filtration and washed with 350 ml of ice water.” The 

crude product was redissolved rn fresh water (1% solution) and purified by ran exchange chroma- 

tography5c (Bio*Rad AG l-X4 resin; acetate form). The eluate was concentrated to a 6% slurry of 1 

and chilled. The aspartame was collected by filtration, washed with 100 ml of ice water, and 

thoroughly dried. The yield of analytically pure 1 was 96.0 g (63%; mp 243’C (dec.); lit mp 

246-247’C’ and 235-236OC (dec.lsc; [o]i”’ - +31.2’ (C=l, acetic acid; [cz]~“~ = +32.0’ (C=l, acetic 

acid)5a). This material had spectral and physical properties which were identical to those of an 

authentic sample. 

Our synthesis of aspartame thus demonstrates that this novel sweetener can be prepared in hrgh 

yield with complete reglochemlcal control via a short, simple series of chemical steps. 
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2. 

3. 

4. 
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