
A Convenient Synthesis of Aspartame 
Gunnar Llndebergl 
institute of Biochemistry, University of Uppsala. Box 576. S-751 23 Uppsala, Sweden 

Pentide svnthesis, desvite its growing field of annlication 
and r~crntlya(:knowledged imp~~tanre;~usually iinneglect- 
ed sublect in chemistrv/biochemistr.v roursos. Onecan think 
of several reasons forthis lack of popularity: the chemical 
synthesis of peptides, as it is generally exercised, is a time- 
consuming and laborious undertaking. Already the prepara- 
tion of a small peptide is a multi-step procedure where the 
total time required cannot be substantially reduced since 
reactions and purifications cannot he speeded up beyond 
certain limits. Although the synthesis of a simple di- or 
tripeptide demonstrates the use of blocking groups and coup- 
ling methods, the peptide as such is rarely of particular 
interest and can he characterized by physical and chemical 
methods only (NMR, IR, end-group determination, chro- 
matographic and electrophoretic behavior, etc.). Small pep- 
tides with easily measurable biological effects are few. Larg- 
er peptides can-he iynthesized hy ihe solid-phase proredure 
111 in what may be judged a reasonahly short periud uf time. 
'I 'h~rc arr st:vmd hidoyically active peptides in the deca- 
peptide range, for example, hormones; yet considerably 
more timeand effort is needed ior their synthesis and puriti- 
cation than is the case fur di- and tripeprides. In addition, 
one is faced with the problem of setting up rather sophisti- 
cated assav systems,and there isa risk that the finalempha- 
sisof theexiwriment will lir in r>hvsiolorv rather than rhem- 
istry. 0the; factors, such as the iatheibigh cost of amino 
acid derivatives and other reagents, the lack of suitable 
equipment for organic chemistr; in many biochemistry lab- 
oratories-not to mention special equipment for solid-phase 
synthesis-and the handling of aggressive or hazardous 
chemicals by inexperienced persons also need consideration. 

The submitted exveriment. an enzvmatic svnthesis of the 
dipeptide sweetener aspartake (2) -that has found wide- 
spread use as a sucrose substitute, is an attempt to circum- 
vent most of the objections mentioned above. The applica- 
tion of modern concents in neotide chemistry, such as en- 
zyme-catalyzed coidensakon and catali t ic transfer 
hvdroaenation, makes the procedure simnle and straightfor- 
ward @ig. 1). The one-tube synthesis or aspartamecan be 
accomplishedeasily in a couple of days and requires a mini- 
mum of equipment. The testing of biological activity is also 
simple: the threshold value, that is, the lowest concentration 
a t  which the (sweet) taste can still be detected, is determined 
with a dilution series and related to that of a reference 
substance (sucrose). The simnle design of the exveriment - 
also makesit possible to includeone or more analogues in the 
synthesis, which allows some conclusions to be drawn about 
structural requirements for the hiological effect. The pro- 
gress of the reactions and the purity of the intermediates can 
he conveniently monitored by TLC (Fig. 2 )  or by HPLC (Fig. 
3) if such equipment is available. 

An excerpt of this paper was presented at the 19th European 
Peptide Symposium. Porto Carras, Greece. August 31-September 5. 
1986. 

I Present address: Institute of Immunology, University of Uppsala, 
Box 582.5-751 23 Uppsala, Sweden. 

The 1984 Nobel Prize in Chemistry was awarded to R. 6. 
Merrifield for the development of solid-phase peptide synthesis. 

Methods 
The use of proteolytic enzymes as catalysts for synthetic 

reactions has found increasing applications in the last few 
years, particularly in semi-synthesis of proteins. The elegant 
trypsiu-mediated conversion of porcine insulin into the hu- 
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Figure 1. Synthesis of aspartame 
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Figure 2. nC of aspartame and intermediates. (a) Z-Asp-Phe-0Me.H-Phe- 
OMe. (b) Z-Asp-Phe-OMe, (c) crude, (d) purified H-Asp-Pha-OMe. (el a 
mixture of Z-Asp-OH and H-Phe-OMe. Silica gel in BBuOH:AcOH:H20 
(3:t:t). Visualization by UV at 254 nm and ninhydrin (hatched). 
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man form (3, 4) can be mentioned as an example of that 
approach. However, imnll or medium-sized peitidrs have 
alio I w n  prepared by a ct)mhination of enzymatic and 
chemical methods. The reader is referred to one of therecent 
reviews in this field, such as the one by Jakubke (5), for 
further details. Not surprisingly, aspartame has also been 
the subject of enzymatic approaches, and so the first step of 
this experiment is patterned on the procedure of Isowa et  al. 
(6): ZAsp-OH3 is condensed with H-Phe-OMe in the pres- 
ence of thermolysin to yield the partially protected dipep- 
tide ZAspPhe-OMe. In the presence of excess amine com- 
ponent a sparingly soluble salt is formed that precipitates . . 
f n m  the r~action mixture. Consequently. the equilihrium is 
shifted toward synthesis, and therea~tion isdrivenalmvst to 
completion. The salt is washed free from enzyme and un- 
reacted material, and treated with aqueous HC1. The m i n e  
component, which is acid soluble, is then removed by repeat- 

Figure 3. HPLC of aspartame and intermediates. Notations as in Figure 2. 
Support: Spherisorb S10 ODs. 4.6 X 150 mm. Buffer A: 0.1 M Jodium 
phosphate, pH 3.0. Buffer 8: 0.1 M sodium phosphate, pH 3.0, in 50% EtOH. 
Gradient: 5-90% B in 20 min, then isocratic. Flow rate: 1 mL1min. Detection: 
UV at 210 nm. 

ed centrifugations and washings. The 8-carboxyl in the Asp 
residue need not he protected, a fact that considerably facili- 
tates the preparation of starting materials. The peptide 
bond is selectively formed between the a-carhoxyl of the 
aspartic acid and the amino arouu of the ~henvlalanine . . 
ester. As a matter of fact, thesp&ifieity of the enzyme can he 
further exploited: even if one or both of the amino acids is 
used as the less expensive DL-derivative, Z-L-Asp-L-Phe- 
OMe is still the sole product of the condensation reaction, 
and the yield remains essentially unchanged. The dipeptide 
salt (Fig. 1) is preferentially formed with H-D-Phe-OMe if 
both stereoisomers of that component are present. 

Removal of the benzyloxycarbonyl group, the remaining 
step of the synthesis, is usually accomplished by acidolysis 
(HBrlAcOH) or catalytic hydrogenation. Treatment with 
HBrIAcOH must be done under anhvdrous conditions in 
order to avoid hydrolysis of peptide and ester bonds and 
would in this case reauire an additional d ~ n a s t e n .  Catalvt- 
ic hydrogenation ns"ally proceeds smoothlyiut sometimes 
needs considerable time for complete reaction. Since gas- 
eous hydrogen is used, the deprotection has to be carried out 
in a well-ventilated hood, a fact that, together with the 
problems of hydrogen supply, makes the procedure unsuited 
for use in a student laboratory. However, transfer hydroge- 
nation, where the reducing ability is supplied by a hydrogen 
donor rather than molecular hydrogen, provides a rapid and 
experimentallv s i m ~ l e  means for removal of benzvl-tvoe . A. 

prbtecting 'A comprehensive review of catalytic 
transfer hvdroaenation was recentlv ~ublished bv Johnstone 
et  al. ( 7 ) : ~ i i h  the use of two eqiivalents ofammonium 
formate as hvdroaen donor (8) and 0.1-0.2 Darts hv weight " " 
(theoretical values) of 5% PdIC as catalyst, the deblockingof 
2-AspPhe-OMe in MeOH is complete in less than 5 min. 
The use of the 5% catalyst is recommended because of its 
lower tendency for spontaneous ignition once i t  has been 
activated. The rate of deprotection is not significantly in- 
creased with the 10% catalyst originally suaaested (8) .  The 
crude product, after removal of caialys<and&vent, is redis- 
solved in water and lyophilized in order to reduce the 
amount of volatile salts. 

Solutions of aspartame have limited stability, especially 
outside the DH reaion 3-5 andlor a t  elevated temoeratnre. 
Primary dec&npokion products are the free peptiie, which 
is formed bv hvdrolvsis of the ester bond a t  low DH values. 
and the dikftopiper&ne otltained by ring closure mainly at 
neutral or alkaline ronditions. The vhvsioloplical effects of 
the latter compound in particular, b u i  alsovof aspartame 
itself, have been questioned on several occasions and, for 
some years, caused the withdrawal of aspartame as a food 
additive. However, extensive investigations have not con- 
firmed the suspicion that aspartame would be unsuitable for 
human consumption. A joint FAOIWHO expert committee 
established accentabledailv intake levelsof40.0and 7.5 msl ~ ~ ~ ~~~~~~ ~ ~~ --- -. 
kg body weight for aspartame and diketopiperazine, respec- 
tivelv (9). In the Dresent exneriment diketoninerazine and . . 
other negatively charged impurities, if present, are removed 
bv ion-exchanae chromatoaranhv immediatelv before dilu- - . .  
tion and tasting. 

A large number of analogues to aspartame have been syn- 
thesized in the search for still sweeter substances and with 
the aim to explain taste properties in terms of chemical . . 
structure. The effect of some atrtlctural modifications may 
bestudied also in thisexperiment: the influence of the iizeof 
the ester group is illustrated by substitution of H-Phe-OEt 
for H-Phe-OMe, a change that reduces sweetness potency 
to less than half the original value. Elongation of the side- 
chain carrying the free carboxyl group, accomplished by 
exchanging Asp by Glu, yields an inactive (tasteless) prod- 

2 = benzyloxycarbonyl (carbobenzoxy). 
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uct, whereas deletion of t h e  side-chain carhoxvl, that is. 
replacement of Asp with Ala, brings about  a conv&ion from 
sweet to hitter taste. T h e  analogues are  synthesized essen- 
tially by  t h e  same methods as t h e  parent  compound. Z G l u -  
Phe-OEt, d u e  to its higher solubility, is n o t  isolated by  
centrifugation h u t  is extracted into EtOAc after acidifica- 
tion. T h e  simple chromatographic procedure used for aspar- 
t ame  a n d  t h e  other analoeues cannot  he  anolied for H-Ala- 
Phe-OMe because t h e  drketopiperazine *this case is un- 
charged. Crvstallization from water is also n o t  feasible. since 
rapid cycl i~at ion is observed when t h e  solution is hkated. 
However, a homogeneous product is recovered by  extraction 
with ice water followed hy  lyophilizatiou in  order to remove 
volatile salts. 

Experimental Procedure 
%Asp-OH, ZAla-OH, ZGlu-OH, H-Phe-OMe.HC1 and H- 

Phe-OEt.HC1 were prepared according to published procedures but 
are also commerciallv available. Thermolvsin (-40 Ulme) was ob- 
tained from ~oehrineer l~annheim.  ~ ~ ~ k n h n d e x  from Phnrmn- - ~ ~ ,  ~ ~~~~~~ ~~~ , ~. - . . r ~ ~ - ~ ~ ~ ~ ~ - ~ ~  . 
cia, and 5% palladium on charcoal from Fluka. TLC was run on 
Qrecoated silica gel plates (Merck) in n-BuOH:AcOH:H1O (3:l:l). A 
solvent migration of 5-10 cm beyond the application line was ade- 
quate 

2-Asp-Phe-OMe-H-Phe-OMe 

Z-Asp-OH (267 mg, 1 mmol) and H-Phe-OMe.HC1 (431 mg, 2 
mmol) were weighed into a centrifuge tube of -10 mL capacity and 
suspended in HzO (3 mL). The pH was adjusted to 7 (indicator 
paper) by portion-wise addition of 4 M NaOH (-700 pL) while the 
mixture was being stirred on a vortex mixer. Thermolysin (2 mg in 
200 fiL H20) was added to the resulting clear solution, which was 
then kept in a water bath at 40 'C overnight. Occasionally, the 
product precipitated as an oil but this could be brought to crystallize 
by repeated caollng and stirring. The precipitate was broken up with 
a glass rod, centrifuged and washed by centrifugation with 5 X 4 mL 
H20. A sample was collected for TLC. 

2-Asp-Phe-OMe 

The peptide salt was decomposed by trituration in an ice bath 
with a mixture of Hz0 (3 mL) and 1 M HCI (1 mL). A glass rod rather 
than a vortex mixer was used for stirring, since the product at this 
stage tended to stick to the walls of the tube. After -10 min the 
precipitate had changed appearance and gave the impression of 
being more compact. I t  was centrifuged and washed with 5 X 4 mL 
ice water. A sample was saved for TLC. 

H-Asp-Phe-OMe, Aspartame 

>Asp-Phe-OMe (still moist product above, <1 rnmol) and 
HCOONHd (126 mg, 2 mmol) were dissolved in MeOH (2mL). A 
sample of the solution was applied onto s TLC plate. The catalyst, 
5% PdIC (50 mg), was added and washed down with MeOH (0.5 
mL). The suspension was kept at room temperature in the open test 
tuhe until gas evolution had ceased (-20 min). Samples were with- 
drawn and spotted onto the TLC plate after 2,5, and 10 min. The 
catalyst was then removed by centrifugation and filtration of the 
supernate through a tightly packed plug (5-10 mm) of cotton wool in 
a Pasteur pipet. Catalyst and filter were washed with MeOH (0.5 

mL). The filtrate was collected in a small beaker and taken to 
dryness in a stream of nitrogen with gentle heating (hair dryer). The 
residue was dissolved in a small amount af warm water (3-5 mL) and 
lyophilized. 

H-Asp-Phe-OEt 

This substance was prepared according to the above procedure 
starting with Z-Asp-OH (267 mg, 1 mmol) and H-Phe-OEt.HCL 
(460 mg, 2 mmol). 

H-Glu-Phe-OEt 

ZGlu-OH (281 mg, 1 mmol) and H-Phe-OEt.HC1 (460 mg, 2 
mmol) were condensed as described above. EtOAe (2.5 mL) and 1 M 
HCI (2 mL) were then added to the reaction mixture, which was 
shaken vigorously in order to dissolve the precipitate. The phases 
were separated (centrifugation), and the aqueous phase was trans- 
ferred toa second test tube with the aid of a disposablesyringe fitted 
with a short length of polyethylene tubing, and extracted in the 
same manner with more EtOAc (2 X 2 mL). The combined organic 
extracts were washed with H20  (5 X 2 mL) and sat. NaCL (2 mL) 
and then evaporated to dryness in a stream of nitrogen with gentle 
heating. The residue was dissolved in MeOH and deprotected as 
described above. 

H-Ala-Phe-OMe 
ZAla-OH (446 mg, 2 mmol) and H-Phe-OMe.HC1 (431 mg, 2 

mmol) were condensed in the presence of thermolysin (2 mg) after 
neutralization with 4 M NaOH (700 pL). The product was collected 
by centrifugation and washed with H20 (5 X 4 mL). Deproteetion 
was performed in MeOH (4 mL) as described above, hut using 252 
mg (4 mmol) of HCOONH4. The residue obtained after evaporation 
of the filtrate was extracted in the cold with ice water (2 X 2 mL, 
centrifugation). The extract was filtered, lyophilized, and used 
without further purification in the sweetness evaluation. 

Purification and  Testing 
An aqueous solution of crude lyophilized aspartame (50 mg dis- 

solved in 5 mL of HzO) was neutralized with 2 M NaOH and passed 
through a small column (5 X 40 mm, Pasteur pipet) of QAE-Sepha- 
dex A-25 (acetate form, packed in H20). The product was eluted 
with H20 (2 mL), and its concentration in the eluate was determined 
from the UV absorbance (qS7 = 200). The solution was diluted to 
cover the range 0.003-0.3% and tasted, starting with the lowest 
concentration, in order to establish the threshold value. Dilution 
series of analogues and sucrose (0.2-490) were treated accordingly. 
The sweetness was expressed as the quotient, 

= rhreihuld wlur  (sucrose) 
rhreshdd value rpeptidel 
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