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Esters of tetrapeptides of the general formula ethoxycarbonyl-prolyl-alanyl-X-Y where either 
X or Y was an alanine residue were synthesised and their cleavage by elastase studied. 

It was found that variation of the alcohol moiety between methyl, cyclohexyl and nitrophenyl 
residues had no effect on the catalytic rate constant for cleavage of ethoxycarbonyl-prolyl-dialanyl- 
alanine esters demonstrating that acylation is much faster than deacylation for this system and also 
that non-productive binding is not kinetically significant. 

The effect of changing the amino acid residue in position X was small compared with that of 
change in position Y. The presence of valine and serine residues in position Y produced the highest 
specificity constant but the highest catalytic rate constant was found for a leucine residue in this 
position. The results are discussed in terms of the binding of the substrate to the enzyme. 

Pancreatic elastase has been the subject of several 
studies using oligopeptide substrates to determine its 
specificity. The active site has been shown to have at 
least six subsites, each capable of binding one amino 
acid residue [1,2]. Four of these subsites lie on the 
acyl side of the cleaved bond and are labelled SI, SZ, 
S3 and S4 in order from the cleavage site, the other 
two lie on the amide side of the cleaved bond and are 
labelled S; and Si [3]. The substrate residues which 
fit into these sites are correspondingly labelled P4, P3, 
P2, PI, Pi, Pi, where the bond between residues PI and 
Pi is cleaved by the enzyme. 

One problem in the study of elastase specificity 
arises from the possibility that a small peptide sub- 
strate can bind non-productively to the enzyme. It has 
been demonstrated [4] that this possibility can be 
minimised by using peptides which contain appro- 
priately situated proline residues. Examination of the 
elastase-catalysed hydrolyses of a number of tetra- 
peptide amides showed that proline would bind in the 
S4 and SZ subsites but not in the S3 subsite, in partic- 
ular Ac-Pro-Ala-Ala-Ala-NH2 was cleaved only at 
the amide bond. 

The aim of the present study was to determine the 
specificity of the S1 and S2 sites of elastase towards the 

Abbreviutions. Ac-, acetyl; Boc-, tert-butoxycarbonyl; EtOC-, 
ethoxycarbonyl ; -OMe, methoxyl; -OtBu, tert-butoxyl; Z-, ben- 
zyloxycarbonyl. The symbols for amino acids conform to those 
proposed by the IUPAC-IUB Commission on Biochemical Nomen- 
clature [see Eur. J .  Biochem. 27, 201 -207 (1972)l. All amino acids, 
except glycine, had the L configuration. 

Enzymes. Elastase (EC 3.4.21.11); chymotrypsin (EC 3.4.21.1). 

deacylation part of the reaction pathway using methyl 
ester substrates. Non-productive binding was to be 
minimised by utilising proline as the P4 residue with 
respect to the ester bond and the final choice fell upon 
the series of peptides EtOC-Pro-Ala-X-Y-OMe where 
either X or Y was alanine. The ethoxycarbonyl group 
was chosen for its ease of introduction and water solu- 
bility. 

MATERIALS AND METHODS 

Enzyme and Substrates 

Elastase was prepared from pancreatin by the 
method of Shotton [5] and showed a single band on 
electrophoresis. The concentration of the enzyme in 
a stock solution was determined in the pH-stat at 
pH 8 by rate assay using Ac-Ala3-OMe as substrate. 
The preparation and properties of this substrate have 
been described previously [6]. 

The synthesis of other substrates is described in the 
miniprint section at the end of the paper. 

Kinetic Measurements 

The hydrolysis of the nitrophenyl ester was fol- 
lowed by spectrophotometry using the method previ- 
ously described [6]. 

The other hydrolyses were followed using a Radio- 
meter pH-stat apparatus consisting of a TTT2 pH 
meter, ABU12 automatic burette and REA300 re- 
corder. All measurements were made in a reaction 
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Table 1. Kinetic parametersfor tetrapeptides 
Reactions were carried out in 1 mM Tris pH 8.00, 0.05 M KCI, at 25 "C. Solvent concentration was 2.5 "1; (viv) 

Tetrapeptide km, K m  x kc,,/&, Solvent 

EtOC-Pro- Ala-Gly- Ala-OMe 
EtOC-Pro-Ala-Ala-Ala-OMe 
EtOC-Pro- Ala-Val- Ala-OMe 
EtOC-Pro-Ala-Leu- Ala-OMe 
EtOC-Pro-Ala-Ile-Ala-OMe 
EtOC-Pro-Ala-Thr-Ala-OMe 
E tOC-Pro-Ala-Lys-Ala-OMe 
EtOC-Pro- Ala-Phe-Ala-OMe 
EtOC-Pro- Ala-Tyr-Ala-OMe 
EtOC-Pro-Ala-Trp- Ala-OMe 
EtOC-Pro-Ala-Pro- Ala-OMe 
EtOC-Pro-Ala-Glu-Ala-OMe 
EtOC-Pro-Ah-Gln-Ala-OMe 
EtOC-Pro-Ala- Asp-Ala-OMe 
EtOC-Pro-Ala- Asn- Ala-OMe 
EtOC-Pro-Ala-Ala-Gly-OMe 
EtOC-Pro- Ala-Ala-Val-OMe 
EtOC-Pro-Ala-Ala-Leu-OMe 
EtOC-Pro- Ala-Ala-Ile-OMe 
EtOC-Pro- Ala- Ala-Ser-OMe 
EtOC-Pro-Ala-Ala-Thr-OMe 
EtOC-Pro- Ala- Ala-Tyr-OMe 
EtOC-Pro-Ah- Ala-Trp-OMe 

S-' 

16.2 
94 
87 
21 
60 
53 

HC1 51 
28 
19 
26 

123 
80 
41 
34 
38 
15.8 
26 

250 

116 
43 

7.0 

6.4 
2.1 

mM 

0.32 
0.079 
0.062 
0.013 
0.076 
0.043 
0.014 
0.055 
0.009 
0.063 
0.061 
0.10 
0.015 
0.048 
0.020 
0.063 
0.009 
0.33 
0.17 
0.030 
0.077 
0.073 
0.010 

M-1 s - l  

51 
1190 
1400 
1620 
790 

1230 
3640 
510 

2100 
410 

2020 
800 

2700 
710 

1900 
251 

2890 
760 

41 
3866 

560 
88 

210 

- 

- 

acetonitrile 
acetonitrile 
acetonitrile 
- 

- 

acetonitrile 
acetonitrile 
acetonitrile 
- 

- 

- 

- 

- 

- 

ethanol 
acetonitrile 
acetonitrile 

acetonitrile 
acetonitrile 
acetonitrile 

- 

vessel thermostatted at 25 "C which was continuously 
swept with a stream of nitrogen saturated with water 
vapour at 25 "C. The reactions were normally followed 
at pH 8.00 in 1 mM Tris (to stabilise the instrument) 
and 0.05 M potassium chloride. 

A buffer solution containing the desired concen- 
tration of substrate was placed in the reaction vessel 
and allowed to equilibrate thermally before being 
titrated to pH 8.00 by the addition of sodium hydrox- 
ide solution (about 0.002 M). The amount of titrant 
added was noted in order to correct the initial con- 
centration of substrate to the true value. A suitable 
volume of enzyme stock solution (which had been 
previously titrated to pH 8.00) was added and the 
reaction observed. 

Plots which showed high curvature, usually those 
of lowest concentration, presented difficulties in deter- 
mining the initial slopes by eye, particularly as pH- 
stats show a lag phase for the first 10-20 s after en- 
zyme addition. The slopes in these cases were obtained 
from a backward extrapolation of later points by 
fitting them to a cubic equation using Chebyshev poly- 
nomials. The spontaneous hydrolysis rate of the sub- 
strate at pH 8.00 was determined and substracted from 
the observed initial slope; its value was always less 
than 50% of the total observed rate at any concen- 
tration. The values of K, and k,,, for the substrate 
were determined from the initial rate measurements by 
the method of Wilkinson [7] using substrate concen- 

trations between 0.2 K ,  and 3 K,. Enzyme concentra- 
tions were always in the range 0.1 -0.01 pM. 

RESULTS 

The kinetic results obtained are given in Tables 1 
and 2. The errors are 2 5 in k,,, and k 10 76 in K, 
except for those substrates with K ,  < 0.02 mM where 
errors in K, will be larger because 0.02 mM represents 
the lowest substrate concentration for which repro- 
ducible data could be obtained. The nitrophenyl ester, 
the results for which are given in Table 2, could not be 
studied at pH 8 because its spontaneous hydrolysis 
rate in several pH 8 buffers was always too large. 

Reactions were always followed in purely aqueous 
media where substrate solubility allowed, but in some 
cases acetonitrile and in one case ethanol had to be 
used as cosolvent to maintain solubility. We have 
investigated the effect of acetonitrile on the elastase- 
catalysed hydrolysis of Ac-Ala30Me and found that 
it behaves as a competitive inhibitor, Ki z 0.5 M 
( z  2.5 % v/v in water). Hence substrates measured in 
this solvent will have a K, twice the value in water 
alone, and a halved value for the specificity constant 
kca,/Km. The effect of ethanol as cosolvent will be to 
reduce the observed catalytic rate constant compared 
to that for water since ethanol will complete with 
water as a nucleophile for the acyl enzyme. If the par- 
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Table 2. Eflect of variation of alcohol moiety in esters of EtOC-Pro-Ala-Ala-Ala-OH 
Measurements were either by the pH-stat method (pH) or the spectrophotometric method (spectro.) with 2.5 % acetonitrile present. The 
buffer was either 1 mM Tris + 0.05 M KC1 (Tris/KCl), 0.05 M phosphate (phosphate) or 1 mM HCI + 0.05 M KCI (HCl/KCl) 

Ester Method PH k c a t  KIT Buffer 

S K 1  mM 

Cyclohexyl PH 8.00 89 0.095 Tris/KC1 
Methyl PH 8.00 94 0.17 Tris/KCl 
4-Nitrophenyl spectro. 6.10 59 0.12 phosphate 
Methyl PH 6.10 61 0.3 Tris/KCl 
4-Nitropheynl spectro. 4.50 4.2 0.16 HCl/KCl 
Cyclohexyl PH 4.50 4.2 0.21 HCl/KCl 
Methyl PH 4.50 4.0 0.14 HCl/KCl 

tition factor is the same as that determined for meth- 
anol on chymotrypsin [S] then the effect will be to 
halve the observed kcat value since at 2.5% ethanol the 
rate of conversion to acid and to ethyl ester will be 
approximately equal. 

DISCUSSION 

Multiple Binding of Substrates 

One problem in the study of elastase specificity is 
that a particular oligopeptide can bind in more than 
one contiguous set of subsites on the enzyme. This has 
been observed using oligopeptide amides which exhibit 
cleavage by elastase at more than one site [2]; for ex- 
ample Ac-Ala4-NH2 was cleaved to give both Ac- 
Ala-OH and Ac-Ala3-OH. However Ac-Ala4-OMe 
was cleaved to give solely Ac-Ala4-OH because estero- 
lysis is much faster than the hydrolysis of peptide 
bonds with which it competes. Hence, for ester sub- 
strates, such alternative binding modes will be non- 
productive and will not give rise to detectable prod- 
ucts. 

If it is assumed that elastase follows the normal 
hydrolytic pathway for serine proteinases, and that 
there is a single non-productive complex ES* [Eqn (l)], 
it is 

E. ,,h' ' E - S  ES' k3 ' E + P z  

This implies that the usual steady-state parameters, 
k,,, and K,, are given by 

I + - + - -  I + - + -  
k3 KN k3 KN 

so that kcat/K:m = kz/K,, the specificity constant. 
In the hydrolysis of ester substrates by serine pro- 

teinases it is usually found that deacylation is rate- 
determining; we shall demonstrate later that this is 
true for elastase. In this case k2 + k3 and, if we also 
assume that KN is comparable with K,, then kcat = K, 
= k3Ks/k2. It is apparent therefore that non-produc- 
tive binding could account for as much as 60 % of the 
binding of the substrate to the enzyme and still show 
no detectable effect on the kinetics of ester hydrolysis 
providing k2/k3 > 20. However such non-productive 
binding would show a profound effect on the kinetics 
of amide hydrolysis where k2 < k3. 

We attempted to eliminate non-productive binding 
as far as possible in the present experiment by including 
a proline in the N-terminal position o$ the tetrapeptide 
chain. Since proline will not bind in the S3 subsite 141, 
the only possible non-productive binding mode which 
allows the ethoxycarbonyl residue and the four amino- 
acid residues to be bound to an enzyme site is the one 
which places the proline in the S2 subsite and so puts 
the four amino-acid residues in the S2, S1, S; and Sl 
subsites. 

E . S* 

possible to derive, making the usual assumptions and 
using steady-state kinetics (see Appendix) that the rate 
of reaction is given by Eqn (2): 

The Rate-Determining Step 
in Elastase-Catalyzed Hydrolysis 

It has been argued previously by two sets of 
workers 19,101 that k2 may well be effective in deter- 
mining the rate of hydrolysis of ester substrates by 
elastase. These arguments were based on observations 
of hydrolyses of esters of N-protected amino acids. 
We have studied the hydrolysis of three esters of 
EtOC-Pro-(Ala)3-OH at different pH values and find 
no effect of alcohol group on rate; these results are 
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recorded in Table 2. The identity of the results for 
4-nitrophenyl and methyl esters at pH 6 is particularly 
indicative that k2 is sufficiently large to have no effect 
on the observed k,,, since nitrophenyl esters would be 
expected to show a much higher acylation rate than 
methyl esters. We suspect that the previously observed 
results may have been due to large changes in the 
extent of non-productive binding. 

The identity observed in the values of k,,, also 
indicates that, as suggested above, non-productive 
binding is not sufficiently large to compete kinetically 
with productive binding. The alcohol groups used are 
sufficiently different in structure to cause wide vari- 
ation in the amount of non-productive binding. 

Specificity of the S1 Suhsite 

It can be seen from the rate constants given in 
Table 1 for the peptides EtOC-Pro-Ala-Ala-X-OMe 
that the peptide with Pl(X) = serine has the highest 
specificity constant though this is approached by that 
for the peptide with P1 = valine (and may be sur- 
passed by it if the reduction in the observed k,,, due 
to the ethanol present is taken into account). Previous 
studies of elastase specificity have reported cleavage 
after one of two serine residues in the insulin A chain 
[I l l ,  and after one of the three serine residues in the 
ribonuclease S-peptide [12]. 

A skeletal model of elastase was built to the pub- 
lished coordinates [13] to which models of the sub- 
strates were fitted using the suggestions derived from 
crystallographic [14] and space-filling-model studies 
[15]. Fitting of a peptide with PI = serine into this 
model suggests that the binding may be aided by the 
formation of a hydrogen bond from the serine hydroxyl 
to the carbonyl group of Ser-214 of the enzyme. There 
is also in this region of the molecule a hole which, 
while not large enough to  accomodate aromatic resi- 
dues, could (and apparently does), accomodate ali- 
phatic residues. The high k,,, value observed for the 
PI = leucine peptide suggests that binding of leucine 
in this area is possible though perhaps in a manner 
which leads to either a strained acyl-enzyme or a 
strained tetrahedral intermediate, so leading to a 
greatly enhanced deacylation rate. If strain is present 
then it might be expected that the rate of formation 
of acyl-enzyme would be slowed. In a study [I61 of 
the hydrolysis of succinyl-tripeptide nitroanilides it 
was found that the k,,, values for peptides with 
PI = leucine (3.8 s-') and P1 = valine (1.3 s-') were 
significantly slower than for P1 = alanine (23.6 s-') 
which would support the hypothesis of some strain 
in the P1 = leucyl enzyme. 

The low K ,  value for the PI  = valine peptide sug- 
gests that this may be a case where non-productive 
binding is significant in causing a decrease in the 

observed K, value, and so in the k,,, value; indeed it  
is possible that the true value of k3 is similar to that 
found for P1 = leucine. The need for a side chain of 
some sort on the PI residue is indicated by the low 
specificity for PI = glycine. The side chain must lock 
the acyl enzyme into a reactive conformation with 
respect to His-57 on the enzyme to allow hydrolysis 
and its absence results in a raising of the entropy of 
activation of the reaction and so reduces the rate. 

The two peptides where PI is aromatic and that 
where PI = isoleucine were poor substrates and it is 
probable that they adopt a totally different conforma- 
tion on the enzyme with the side chain pointing out 
into the solvent. The P1 = tryptophanyl peptide be- 
haves as a competitive inhibitor against A c - ( A ~ ~ ) ~ -  
OMe (Ki = 0.083 mM). 

Specficity of the S2 Suhsite 

As can be seen from the data in Table 1, this subsite 
shows little specificity supporting the hypothesis that 
the side chain on the P2 residue points out into the 
solvent [14,15]. 

The k,,, for the P2 = prolyl peptide (132 s-l) is 
somewhat higher than that for the P2 = alanyl peptide 
(94 s-'). Since we have already demonstrated that the 
rate constant for the peptide with PZ = alanyl is 
unlikely to be affected by non-productive binding, 
this must be due to a conformational effect of the 
presence of the proline residue on the catalytic site. 
It is probable that the proline ring is pushed out of 
place relative to other residues by the side chain of 
Thr-41, and so distorts the position of the P1 residue 
in a favourable sense for hydrolysis. 

APPENDIX 

From Eqn (1) in the main text the following 
equations can be obtained, assuming [S] 9 [El": 

[El" = [El + [E . S] + [ E .  S*] + [ES'] (3) 

d [E . S"] 
dt = k4 [El [S] - k-4 [E . S*] (4) 

~~ [ES'l - = k2 [E.  S] - k3 [ES'] . 
dt 

Putting the left-hand sides of Eqns (4-6) equal to 
zero gives 

k3 
k2 

[E . S] = ~ [ES'] (7) 
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where 

Substituting into Eqn (3) gives 

- k3 [$ + (I + ~ + -- - [ES']. 
k3 k2 KN Ks 1 - 

k2 

But 
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and S2 Subsites of E l a s t a s e  

S y n t h e s i s  of Substrates 

coupling of a h l - h z y l o x y c ~ y l  amino acid with an amino acid mthyl  ester using 
diiyclohexylcarkx3imide in ethyl acetate solutim. 
m a u s  were protected by r e r t - b u t o r y c h y l  group5 and Wbxylic acid side chains 
as tert-butyl esters. 
by treatirPnt with tr if luoroacetic acid a t  m tenperat-. 
d i p p t i d e  derivatives w t h e s i s e d  in this m e 1  aze q i m  m Miniprint T a b l e  1. 
These md all other mnpmds synthesised in this work had Satisfactory analyses. 
Synthesis of E L O C - P T O - ~ ~ ~ - A ~ ~ - Y - O M ~  

N - B M z y l O x y ~ y l  protected nethyl esters of dipeptides were prepared by 

Where necessary amine side 

These were remnn+d after the synthesis of the tetrapeptides 
me p r c p r t i e s  of the 

Preparation of tthDxycarbonyl-l-P2~line. IrPmline 111.5 q) and sdilm 
hydrogen carbmate 121 g) *re added t o  water (Yo mll and the s u s p n s i m  w a s  
s t i r red  vigorously. Ethyl m l o r o f o m t e  110 ml) was added m 3 por t ims  over 
3 0  mur a f t e r  whidi the s t i r r lnq  w a s  m t i n u e d  for 1 h. 
r-ed by ex t rac t im with ether and the aqueous layer acidified to pH 3 .  

was recrystalliaed f r m  diethrl e t h e r p t m e  t o  give N-ethoxycaaMyl-L-pmline 
113.0  q ) ,  m.p. 48-49 OC c.1 - 54.1 11%, cHC13). 

ylchloroformate 15.25 9) were dissolved in dlchlorcmthane 160 ml) and the 
solution cooled t o  -5 C. hiethylamine 15.54 mli was added aropvise w i t h  s t i r r i n g  
while the tenperatwe WK maintained a t  -5 OC. 
a d  a precmled so lu t im of L-alanine h z y l  ester lobtamed by treating the 
to lwesulphmate  (14.05 q) w i t h  potassim c a r h a t e  s a l u t i m  and extracting w i t h  
mchlor-thane) was added. Rfter stlrrlng for 20 min a t  -5 OC, 2h at  rcom 
temperature, the so lu t im w a s  washed successively with 1 M hydrmhloric acid and 
saturated s&m hydrogen carbcnate solution and dried wer sodium sulphate. 
maporation of the solvent gave an o i l  hi$ was c r p d l i p d  frm ether/-tane to 
give EtCC-Pm-Ma-CBZ (10.2 g) m.p. 77-78 C ,  [=I -78.7 11%, chloroform). 

m charmal 10.1 9) added. Hydrogenatim for  6h a t  atrospheric pressure resulted ~IL 
uptake of the theoretical m m t  of hydrogen. 
mthanol evaporated t o  give a w h i t e  solid whr& was pcrys ta l l i sed  €&a ether/ 
h e m e  t o  g l M  EtOC-Pro-Ma-OH (7.0 g) m.p. 151-152 C ,  r.7 -88.1 (18, 
chlorofom). 

Excess chlorofomte was 

Extractim w l t h  ethyl acetate folldred by drying and evaporaticn gave an o i l  which 

~ r e p a i a t i o n  of EtOC-Pro-Ala-OH. Ethoxycarbmyl proline 17.48 4) and i sdmt-  

me mxture w a s  s t i r red  for 15 rmn 

me h q l  ezter 110.23  gl was dissolved m nethanol 180 m l l  and 5% palladudm 

me solutlcn was f i l t e red  and the 

Preparation of I E O C - l ' I o - ~ l d - n l a - O X .  E t C C - P r v A l s O H  11.29 g) , L-almme 
h z y l  e5ter p- to lwesulphmate  (1.76 gl , N-hydroxysuccinmde ( 0 . 1  ql and :i- 
mthylnarpholine (0.56 m l )  =re dlssolved m tetrahydrofuran ( 1 5  ml) and the 
so lu txn  -led t o  2 OC. 
solution which w a s  all-d t o  warm t o  r m  tenperatwe and s t i r red  for  16 h. Ethyl 
a e t a e  (50 ml) was added to the mxture which w a s  f i l t e red  to rem3ye dlcyclcheq- 
lurea, and then treated as above t o  qive an o i l  which crystall ised vgry s l w l y  frm 
2-pr%anol/ether to q i v e  EtOC-Prw-Ala-Rla-OBz (1.20 g) m.?. 14-141 
-19 .2  Hydrogenolysis of this ester (0.84 91 K above, f0Pl-d 
by recrystall isation of the product from ether gave EtCC-PrwAla-Ala-ffl (0.61 q) 
m.p. 175-176 OC, C-I y -  58.9O 11% tetrahydrofuran). 

Dicyclohexylcarbadimrmde 11.04 gl was added to the s t i r red  

C, C-3 
(18,  chlorofoml . 

m e p a r a t i o n  of EtoC-Pro-dla-dia-X-o"~.  The p r e w a u m  of Etm-Prc-Ala-Ma- 
OEE is given as an e-le. 
hydrochloride 10.U6 gl and N-nethyhqhaline (0.111 mll e r e  dissolved in N,N- 
dinethylformami& 110 m l )  . N - E t h o x y c a r b o l y l - Z s t h ~ x y - l , 2 - ~ ~ ~ l i n =  
10 .25  gi was added and the so lu t im l e f t  a t  m twperature for  16 hrs. 
was evaporated to W e s s  m a row evaporator and the residue taken up m d i d -  
lorarethane. This so lu t im was washed once with 50% saturated sodim chloride 
solution, to rexm mine hydmchloride, and then dried OM= sodium sulphate. 
Exapra t lm of the solvent and crys ta l l i sa t im from chlorofom/petml gave EtW-Pm- 
Ah-Ala-Gly-Ws 10.24  g) . 

EtDL-PrG-Ala-Ala-OH ( 0 . 3 3  gl, glycine mthyl  ester 

me whole 

Preparat ion of E~OC-PTO-dld-X-dla-OMe 

The peeparatim of Em-Prc-Ala-Gly-Ala-OEE is given as an exanple. 
p r e p a r a t i o n  of EtoC-Pro-Aia-0%. EtO-P-Ala-CH (5.16 ql and I-hydmxy 

succinimide ( 2 . 3 1  q) e m  dissolved in 8 1:l mixture of dioxan and ethyl acetate 
(50 ml) . The solution was  ccoled t o  2 C and d ~ i y c l & e x y l ~ i m i m i d e  14.12  4) 
added. 
the solvent evaporated. l?ie residue was taken up in ethyl acetate and washed as 
d e s c r w  for  the h z y l  esters b e .  ?he product was &tamed on evaporatim of 
the  solvent as an o i l  which crystall ised frm 2-prapanOl tC g1M Etm-Prc-Ala-OGu 
(6.1 q ) ,  m.p. 98-1m OC, t-1: 

'Ihe mixt- was s t u r e d  a t  0 "C for  lh and a t  rwn tenperat- for lh and 

+ 11l0 11%, ethanol). 

p r e p a r a t i o n  of E~oC-Pro-dla-Gly-Ala-OMe. 2-Gly-Ala-W 1 0 . 3  9) W a s  hydrogen- 
olysed over 5% padd&m m diar-1 in nethand ( 2 0  mll in * prrsenoe Of ole 
es;ivalent of .&tic acld. me catalyst  was rerrwed by f i l t r a t i m  and Eta-PX- 
Ala-cbu 10.178 g) and N-methyhqholme 10.056 ml) added t o  the solutlon whlch WK 
keot a t  rocm t axera t -  for 24 br. me nethand was evmrated and the resldus 
m&d up K rmde&ihed for EtCC-Pm-Ala-Ala-Glya givin$ the product 3.5 an O i l  
which clystall ised frm ethyl acetate t o  give Etm-PmAla-Gly-Ala-W 10.130 4 ) .  

Table 2 .  
me p-rties of a l l  the tetrapeptide rethy1 esters are qivM m Miniprint 
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2-Gly-Ala-OMe 9@91 -8.5 
2-Ala-Ala- 105-106 -15.0 
z-va1-Ala- 156-157 -49.4 
z-Leu-Rla-34 96-97 -43.1 
z-Ile-Ala-w 164-166 -46.1 
Z - l l U - A l b o M e  128-129 -33.8 
z-Ic-B~~)Lys-Ala-We 118-119 - 9.3 

131-133 -20.9 
Z - ' Q P A l ? 4 W  136-13P 

157-159 -18.7 

2-phe-Ala-Cl"k 111-112b 

Z-RSpIOtBu)-Ala-CXe 88-89 +26.5 
z-Rsn-Ala-cwe 205-206 -7.7 

1l,ethy1 acetate) 
11 ,chlorofoml 
11,rrethanOll 
11,ethano11 
(4,rrethanOl) 
1l.rnthanOl) 

62-64 -8.1 (l,ethyl acetate) 1 
105-107 -16 11,chloroform) 2 
162-163 -49.4 11,mthanoll 3 
95-96 -38.0 (1,ethanol) 4 
171-175 -44 14,mthanol) 5 
1?6-128 -33.6 1l.mthanoll 6 

3 -20.4 11,dmsthylformunrde) 7 132-13 
(1,dirrethylformamideI 

135-136 -18.5 (1,mthanol) 8 
Il,nt?thanOl) 147-159 9 

11 ,chlorofonn~ 131-133 9 

Il,dimthylfolmamidel 102 -15.5 1l.dimthylformarmdeI 11 
Il.dimthvlfa&del 2E-211 -12.2 10.4.dirrethvl- 

(1,ethanol) 19-80 -74 (2,ethanoll 10 

. -  
' fOlTMrmde1 12 

(1,chlorOfom) 
( 3  ,dirrethylfommdde) 200-201 - 7.0 13,dinethylfomemde) 13 

a Ihe absence of a reference indicates a new ccarpomd. 

Each of these -md= rrelted i n i t i a l l y  over the lower tMperature range but resolidified 61 m n t a r n m g  the 
temperature jus t  above the rrelting point and mlted finally OMI the higher range. 

CtCC-PreAla-Gly-Ala-Ow 
EtCC-PreAla-Ala-Ala-OW 
EtCC-Prc-Ala-Val-Na-OW 
CtOC-Pro-Ala-LeU-Ala-OMe 

Ethyl acetate 
Ethyl acetate 
Ethyl acetate/ether 
Ethyl acetate 
Ethyl acetate 
Ethyl acetatekthanol 
Ethyl acetate 
Ethanol/ether 
Ethyl acetate/ether 
Ethyl acetate/ethanol 
Ethyl aaetate/ether 
alorofom/petrol 
a l l 0 T O f  orm/ptra1 
E the r  
Ethyl acetate 
allorofom/petrol 
mlorofoLm/petrol 
Ethyl aaetate/ethanal 
allorofom/petml 
Ethyl acetate 
Ethyl acetate/ether 
Ethyl acetate 
Ethanol/ether 
Ethyl acetate/ethannol 
Ethyl acetate 
Ethyl ace ta te /e thml  

204-206 -68.1 
229-230 -103 
229-230 -1m 
242-243 -79.5 
228-229 -94.1 
237-238 -71.1 
188-189 -64.2 
189-191 -77.3 
159-161 -15.8 
232-234 -95.2 
l24-125 -65.1 
128-130 -147 
17C-172 -47.4 
195-196 -79.5 
263-265 -89.0 
158-159 -64.4 
179-180 -77.6 
222-224 -59.4 
201-202 -86.1 
205-208 -96.2 
176-177 -99.0 
198-200 -66.3 
251-255 -98.0 
261-263 -101 
226-229 -31.1 
228-229 -29.5 

(ethanol) 
1acetonitrilel 
(water) 
lacetonitrile1 
lacetonitri le) 
lacetonitrile1 

P r e p a r a t i o n  of EtOC-PTO-Ala-dld-A1a-O" c y c l o h e x y l  ester 

(4.16 m l )  were mixed, saturated w i t h  
ram tenpra ture  for 48 h. 
hydrochloride as an o i l .  

in ethyl acetate and extracted with saturated potassrum carbmate so lu t im.  ?he 
organic layer was dried over ethyl acetate and evaporated t o  give almne cycle 

dlanine c y c l o h e x y l  ester h y d r o c h l o r i d e  Alanne 13.56 g )  and cyclohexanol 
hydrogen chloride and the mixture kept a t  

Additlm Of &ethyl ether precipitated the es te r  

dlanme C y c l o h e x y l  e s t e r  The alanine ester hydrochloride 1 1  g) wa5 suspnded 

hew1 es te r  a5 an 011. 
i t O C - P ~ ~ - ~ l a - ~ l a - ~ l d - O X .  c y c l o h e x y l  e s t e r  Alanine njcldIeqJ1 ester 10.425 4 )  

and EtCC-PreAla-Albm 10.82 g)  b e r e  dissolved i n  dichlo-thane (15 ml) and N- 
ethorjcarbcnyl-29thow-l,2-~ydro?woLine 10.62 gl added. lb mixture was kept 
overnight a t  m temperature and the prcduct obtained K an o i l  which crystal- 
hse$ frm &ethyl ether t o  give EtCr-PTO-Ala-Ala-Ala-OCgHll 10.52 g )  m.p. 175- 
176 C, c - 1  -83.6' 11%. ethanol). 

~ r e p a r a c m n  of ~ ~ ~ c - ~ r a - ~ i a - ~ l o - i l a - ~ ~ p  Alanme nrtmphenyl ester hydrcr 
br-de 14 (0.291 91 and ttCC-Pro-Ala-Ala-OH 10.335 gl were dissolved LD tetra- 
hvdrofuran a t  0 "C. N-mthvl mmholme 10.111 m l l  and d iCyclohemlcarhdi ide  
6.210 41 'were added and th; mxt.ure kept overnight a t  rm-tenpe<ature. The 
product was &tamed by the usual procedure as an oil  which crystall ised from 6- 
propyfl/drethJl ether t o  give EtCr-Pro-Ala-Ala-Ala-LNp 10.21 g) m.p. 162-164 , 

c-1 -77.5 . 
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