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Aminopeptidase A (APA) is a highly selective peptidase, which cleaves the N-terminal GIu or 
Asp residues of biologically active peptides, and has therefore been proposed to be involved in 
angiotensin II and CCKs metabolism. Highly potent and selective APA inhibitors are 
consequently required to study the physiological regulation of these two peptides. Using, as a 
model, Glu-thiol (4-amino-5-mercaptopentanoic acid), which was the first efficient APA inhibitor 
described but is however equipotent on APA (0.14 /xM) and aminopeptidase N (APN) (0.12 
/iM), several /3-amino thiol inhibitors have been synthesized. In these molecules, the length of 
the side chain was varied and the carboxylate group of Glu-thiol was replaced by other 
negatively charged groups, such as phosphonate, sulfonate, hydroxamate, and thiol. The 
inhibitory potency of one of these compounds, 22h (S)-3-amino-4-mercaptobutanesulfonate, 
was found to be nearly 100-fold better for APA than for APN, with an affinity (0.29 ^M) almost 
equivalent to tha t of Glu-thiol. Hence, this compound is the first selective APA inhibitor 
reported, and as such, it should be an interesting probe to explore the physiological involvement 
of APA in the metabolism of neuropeptides like angiotensin II and CCKs. 

In t roduc t ion 

Aminopeptidase A (APA, glutamyl aminopeptidase, 
EC 3.4.11.7) is thought to be responsible for the trans
formation of angiotensin II to angiotensin III, by 
hydrolyzing its N-terminal aspartyl residue.1'2 The 
enzyme is highly selective for acidic amino acids3 and 
is also probably involved in the metabolism of other 
peptides containing an N-terminal Asp or GIu residue, 
such as CCK8.

4'5 Aminopeptidase N (APN, EC 3.4.11.2) 
seems to be the enzyme that inactivates angiotensin III, 
by cleaving its N-terminal arginyl residue,6 and has 
been proposed to sequentially degrade CCK7.4 The 
relative physiological importance of peptides issued from 
angiotensin I processing in the central nervous system 
is controversial, but there is increasing evidence that 
angiotensin III is a crucial component of the brain renin 
angiotensin system.2 '7-9 However, in peptidergic cas
cades, where different peptidases sequentially release 
different putative active ligands from a single inactive 
precursor, the key to analyzing the various steps is to 
possess highly specific and potent inhibitors of each 
enzyme. The pharmacological responses measured in 
the presence of selective inhibitors can then be un
equivocally related to the physiological action of toni-
cally released peptides, as demonstrated for the opioid 
peptides, enkephalins, and the atrial natriuretic peptide 
(for a review, see ref 10). For the renin angiotensin 
system, this strategy was attempted but the inhibitors 
used did not have the necessary selectivity. Thus, the 
two inhibitors that have been most commonly used for 
APA and APN inhibition are amastatin and bestatin, 
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respectively.6,8'11 However, although amastatin was 
initially described as a specific APA inhibitor,12 it is in 
fact more potent on APN and is even a better inhibitor 
of the latter enzyme than bestatin13 which is a non
specific inhibitor of various aminopeptidases.14 

APA and APN are two enzymes belonging to the 
family of zinc metallopeptidases15,16 with significant 
homologies in their amino acid sequences17-20 and 
similarities in their physical properties.21,22 Like neu
tral endopeptidase 24.11 (NEP)15 and angiotensin con
verting enzyme (ACE),23 APA and APN are character
ized by a large glycosylated extracellular domain which 
contains the active site. On the basis of the structure 
and mechanism of action of the zinc metallopeptidase 
thermolysin,24 efficient inhibitors can be obtained by 
introducing a zinc-coordinating group on molecules able 
to recognize the enzyme's Si—S'2 subsites (for reviews, 
see refs 10, 25, and 26). Potent and selective inhibitors 
of APN belonging to the series of mercaptans have been 
designed, some of them exhibiting Ki values in the 10 
nM range.27'28 In the case of APA, the best reported 
inhibitor, Glu-thiol,29 which has a K\ value of 0.14 fiM, 
is however equipotent on APN. There is therefore a 
need for potent specific inhibitors of APA. We have 
previously introduced various modifications in Glu-thiol, 
such as, for instance, replacement of its aliphatic side 
chain by phenyl or cyclohexyl moieties. This led to 
increased selectivity but reduced affinity for APA.30 

In this study, we have introduced new modifications 
in the side chain of Glu-thiol, which was extended, to 
increase the selectivity versus APN and the affinity for 
APA, keeping in mind the respective substrate specifici
ties of these enzymes. Moreover, the carboxylate group 
was replaced by other negatively charged groups. The 
results show that a selectivity factor for APA around 100 

0022-2623/94/1837-2950$04.50/0 © 1994 American Chemical Society 



Inhibition of APA and APN by New (S-Amino Thiols Journal of Medicinal Chemistry, 1994, Vol. 37, No. 18 2951 

Scheme 1. Synthesis of the Carboxylates" 
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"(a) SOCl2, EtOH, A; (b) (Boc)20; (c) NaBH4; (d) PPh3, 
(iPrOOCN=)2, CH3COSH; (e) 6 N HCl, A; (f) NaOH, I2; (g) TFA; 
(h) NaOH; (i) H2NOtBu, DCC, HOBt; (j) BTFA/TFA. 
can be obtained in a compound, 22h, (S)-3-amino-4-
mercaptobutanesulfonate, with an inhibitory potency of 
0.29 /M. 

Results 
Chemistry. The synthesis of the carboxylate-bearing 

compounds is summarized in Scheme 1. The starting 
materials were the commercially available 2-amino 
dicarboxylic acids, with or without protected side chains. 
After esterification of the carboxylate(s) ( l b - d ) and 
protection of the a-amino group (2b—d), the next two 
steps were the selective reduction of the a-ester into an 
alcohol (3b-d) as previously described,30 using NaBH4 
in EtOH or EtOHATHF solutions, and the replacement 
of the alcohol by a thioester using the Mitsunobu 
reaction31 (4b-d). The resulting compounds were depro-
tected, either directly by refluxing with 6 N HCl 
(5b-c) or in two steps by saponification and isolation 
of the disulfide (6d,e), followed by TFA treatment (7d). 
Compound 37n was synthesized in the same way using 
dimethyl iV-Boc-glutamate as starting material, except 
that the reduction was extended to both ester groups. 
The substitution of the two hydroxyls of 35n by thio-
acetyl groups led to 36n, and the final deprotection by 
6 N HCl gave the desired compound. The hydroxamate 
9e was obtained from the disulfide 6e by a coupling 
reaction with O-ter^butylhydroxylamine, and compound 
8e was then deprotected using a solution of boron tris-
(trifluoroacetate) (BTFA). The methyl-substituted com
pounds 14f,g were obtained through reactions similar 
to those described for 7d, starting from the Boc-amino 
diesters 10f,g. 

The synthesis of the sulfonates 22h,i and the mal-
onates 27j,k is described in Scheme 2. From the 

Scheme 2. Synthesis of the Sulfonates and the 
Dicarboxylates" 
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<• (a) SOCl2, EtOH, A; (b) (Boc)20; (c) NaI, acetone; (d) Na2SO3, 
dioxane/H20; (e) NaBH4; (f) PPh3, (iPrN=)2, CH3COSH; (g) 6 N 
HCl, A; (h) CH2(C02tBu)2, NaH; (i) NaOH, I2; (j) HCl, EtOAc. 

Scheme 3. Synthesis of the Phosphonates" 
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hydroxyl a-amino acids 15h,i the esterification in acidic 
conditions allowed the simultaneous substitution of the 
hydroxyl by a chloride to be performed (16h,i). After 
protection of the amino group (17h,i) and halide ex
change by sodium iodide in acetone, a nucleophilic 
substitution of the halide by Na2S03 or di-teri-butyl 
malonate led to the Boc-amino sulfonates 19h,i or to 
the malonate derivatives 23j,k. The subsequent steps 
of the synthesis, similar to those described in Scheme 
1, gave the corresponding /3-amino thiols 22h,i and 
27j,k. 

Scheme 3 depicts the synthesis of the phosphonates. 
Malonate alkylation of diethyl bromoalkylphosphonates 
followed by monosaponification and decarboxylation led 
to the amino phosphonoesters 311,m that, after the 
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Table 1. Inhibitory Potencies of Various /3-Amino Thiols for 
APA and APN" 

Nb Formula 
Ki (HM)* 

APA APN 
(SV^^COjH 

5b 

7d 

14f 

14g 

27j 

27k 

9e 

37n 

22h 

22i 

341 

34m 

H s ^ p - ^ 

S^f 

0.14 ±0.06 0.1210.02 

0.13 ± 0.08 0.33 ± 0.05 

0.98 ±0.2 15.5 ±5.7 

1.6 ± 0.06 0.28 ± 0.01 

4.1 ±0.6 2.8 ± 0.3 

0.87 ± 0.4 4.0 ± 0.5 

3.5 ± 0.4 4.5 ± 0.4 

. X 
.0OjH 

0.28 ± 0.04 0.60 ± 0.04 

2.0 ± 0.5 0.037 ± 0.009 

2.4 ± 0.6 0.032 ± 0.004 

0.29 ± 0.06 25 ± 11 

0.37 ± 0.02 1.9 ± 0.2 

0.39 ±0.1 12 ± 2 

0.51 ± 0.03 3.7 ± 0.4 

a The Xi values are the mean ± SEM of three independent 
experiments performed in triplicate. 

steps described in Scheme 1, gave the phosphono 
/3-amino thiols 341,m. 

The synthetic pathway, leading to /5-amino thiols from 
optically pure a-amino acids, retains the chirality of the 
starting material. Nevertheless, this was verified in the 
synthesis of the sulfonates 22h,i which were obtained 
from the optically pure a-amino acids 15h,i, as the 
introduction of the sulfonate moiety required a reflux 
in an aqueous solution of Na2SC>3 which might be 
responsible for a racemization of the asymmetric carbon. 
The thioester of the fully protected intermediate 2 I h 
(see the Experimental Section) was saponified under an 
inert atmosphere, and the free mercapto group obtained 
was derivatized using the chiral acyl chloride (S)-
phenylbutyryl chloride. The resulting compound showed 
a single peak on HPLC, and a 2D NMR experiment 
confirmed the presence of only one stereoisomer. 

Inhibitory Potencies. The results of the inhibition 
of APA by the GIu-thiol derivatives are summarized in 
Table 1. The extension of the lateral chain of this 
compound by one methylene group (a, 5b) led to the 
same inhibition profile as that of the parent molecule. 
However, the addition of another methylene (7d) gave 
a significant loss in affinity (K value = 1.6 fiM). 
Introduction of a methyl at the end of the side chain 
increased the Ki by a factor of 12 for the analog of GIu-
thiol 14f and only by a factor of 6 for the analog of 

homoGlu-thiol 14g. Introduction of two carboxyl groups 
at the end of the side chain led to a 20-fold loss in 
affinity for 27j and to the same potency (0.28 ^M) for 
27k when compared to their monosubstituted counter
parts. The hydroxamate 9e had a 15-fold lower potency 
than homoGlu-thiol 5b, whereas the dithiol 37n was 18 
times less active than 5b. The sulfonates 22h,i and the 
phosphonates 341,m had about the same activity as the 
corresponding carboxylates. For APN, there was a 
general loss in inhibitory potency when compared to 
Glu-thiol. Two exceptions were the hydroxamate 9e and 
the dithiol 37n, which were good inhibitors of APN with 
Ki values around 35 nM. Compounds 5b and 7d 
retained the same potency on APN as their Glu-thiol 
counterparts. 

Discussion 
APA is a selective enzyme, cleaving efficiently only 

N-terminal acidic residues.3 When tested for aryl-
amidase activity, it had a 4-5-fold preference for GIu-
/3-naphthylamide over Asp-/3-naphthylamide.32'33 This 
was the basis for the development of the APA inhibitor 
Glu-thiol, which was also shown to be 10-fold more 
active than Asp-thiol in inhibiting APA CKi values = 0.14 
and 1.2 JUM, respectively).29 We have previously inves
tigated the active site of APA by modifying the a-func-
tions of Glu-thiol and introducing a benzene ring or a 
cyclohexyl in the side chain of the inhibitor.30 This 
showed that APA is characterized by relatively large 
catalytic and Si subsites and that the strength of 
enzyme inhibition by a compound bearing an aromatic 
side chain is dependent on the position of the carboxy-
late group on the cycle. 

This time, in order to enhance the fit with the Si 
subsite of APA and the selectivity toward APN, we 
concentrated on two points in the inhibitor: the deter
mination of the optimal length of an aliphatic Pi moiety 
and the best negatively charged group to substitute for 
the carboxylate. As shown in Table 1, the homo
Glu-thiol 5b has the same Ki value for APA as Glu-thiol 
a but shows a 3-fold loss of activity for APN, therefore 
leading to an increase in selectivity, without any change 
in affinity. A further increase in side chain length, by 
the addition of a methylene group in 7d, results in a 
6-fold loss of inhibitory potency for APA (for the best 
enantiomer), while the Ki value for APN is similar to 
that found with Glu-thiol. The optimal length of the 
side chain for APA recognition therefore seems to be 
three methylenes, as in homoGlu-thiol 5b. The intro
duction of substituents in the side chain of Glu-thiol and 
homoGlu-thiol gave some unexpected results. The 
presence of a methyl group in 14f or of a hydrophilic 
carboxylate in 27j induced a large loss of potency on 
both enzymes. However, the presence of the same 
substituents in the side chain of homoGlu-thiol (com
pounds 14g and 27k) led to different results since the 
K values for APA were not significantly modified and 
an improvement in APN inhibition was restricted to 
14g. 

These results seem to indicate that not only the length 
of the side chain but a precise disposition of the 
carboxylate are important for optimal binding to APA, 
confirming our previous data with substituted aromatic 
side chains.30 

Furthermore, compounds 27j,k were synthesized to 
test the hypothesis of Danielsen et al.,34 that the calcium 
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ion which activates APA could be positioned at the 
bottom of the Si subsite. Indeed, side chains bearing 
two carboxyl groups, such as in 27j,k, have already been 
shown to bind Ca2+ with a good affinity in blood-clotting 
processes35 and in calcium-binding proteins involved in 
mineralization.36 However no increased inhibition of 
APA was observed with 27j,k, which does not confirm 
the proposal of a Ca2+ ion located within the Si subsite. 

The second part of this study was aimed at replacing 
the negatively charged carboxylate by other putatively 
deprotonated groups in the enzyme active site. When 
the carboxylate group of 5b was changed, in 37n, to a 
thiol or to an hydroxamate, in 9e, the inhibitory potency 
decreased 18-fold for APA and increased 10-fold for APN, 
giving new selective and potent APN inhibitors. Inter
estingly, 9e and 37n differ from 5b only by the strong 
decrease in the acidity of the thiol and hydroxamate 
groups which have replaced the carboxyl group. This 
suggests that a decrease in the pKa of the side chain 
component modifies the binding to both enzymes. The 
side chain carboxylate was therefore replaced by a 
sulfonate or a phosphonate, with the aim of enhancing 
APA specificity. As expected, a selectivity factor around 
100 was obtained for 22h, together with a Ki value for 
APA (0.29 fM) very similar to that of Glu-thiol. The 
same result was observed for 341, but its selectivity was 
less pronounced (factor 31). It is interesting to note that 
the increased selectivity of 22h and 341 is not due to 
an enhanced recognition of APA but to a loss of potency 
on APN. 

The addition of a methylene group in the side chains 
of 22h and 341 led to compounds 22i and 34m which 
exhibited similar inhibitory potencies toward APA but 
an improvement in APN active site recognition. These 
data are in apparent conflict with the propyl being the 
best side chain length, as determined with the carboxy-
late-containing inhibitors. This suggests that, due to 
the increase in size and the decrease in pKa of the 
phosphonate and sulfonate moieties as compared to the 
side chain carboxylate, these groups exert a more 
important repulsive interaction in the Si subsite of APN 
at the end of an ethyl rather than a propyl side chain. 

Taking into account the selectivity and affinity dis
played by 22h, this compound is, as far as we know, 
the best existing selective APA inhibitor. It will there
fore be an interesting tool to study the diverse biological 
roles of APA (for a review, see ref 5). 

In conclusion, the exploration of the Si subsite of APA 
presented here confirms our previous results, showing 
that the positioning of the negative group at the end of 
the side chain of a /?-amino thiol inhibitor is critical for 
optimal enzyme recognition.30 Having reached a rea
sonable selectivity, the next step is now to increase 
affinity for APA. One possibility could be to extend the 
occupation of the active site. Preliminary work with di-
and tripeptides, with the aim of developing pseudopep-
tide inhibitors that would interact with the Si, Si', and 
S2' subsites of APA, is encouraging. 

Experimental Section 

Inhibitory Potency. Aminopeptidase A, purified from 
rabbit kidney,29 hydrolyzed approximately 100 fimol mL"1 h_1 

of the substrate a-L-glutamyl-/J-naphthylamide (GIuNA). 
GIuNA (Km = 130 fM) was from Bachem (Bubendorf, Swit
zerland). Aminopeptidase N from hog kidney was purchased 
from Boehringer Mannheim (Meylan, France) and suspended 

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 18 2953 

in 3.2 M ammonium sulfate, 50 mM Tris buffer, pH 7.4. [3H]-
Tyr1-Leu5-enkephalin (30 Ci/mmol) was from Amersham. The 
solutions of thiol inhibitors were prepared in 50 mM Tris 
buffer, pH 7.4, containing dithiothreitol (DTT, 100 equiv/equiv 
of inhibitor). Xi values were determined from IC50S, assuming 
a competitive inhibition, using the Chen—Prusoff relationship. 

Aminopeptidase A. The procedure of Goldbarg37 was used 
with a downscale modification on a microplate. APA was 
incubated for 1 h at 37 0C, with or without increasing 
concentrations of inhibitors and with 200 /M GIuNA, in a total 
volume of 100 /uL in 50 mM Tris-HCl buffer, pH 7.4, with 4 
mM CaC^. The reaction was stopped by adding 10 fcL of 3 N 
HCl; 25 fiL of 87 mM (0.6%) NaNO2 was then added to each 
well followed 3 min later by 50 fiL of 0.13 M (1.5%) ammonium 
sulfamate. After a further 5 min, 25 fiL of a 23 mM (0.6%) 
solution of iV-(l-naphthyl)ethylenediamine dihydrochloride in 
95% EtOH was added and the plate was incubated for 30 min 
at 37 0C. The absorbance was measured at 560 nm. 

Aminopeptidase N. APN was preincubated for 15 min at 
25 0C with or without increasing concentrations of inhibitors, 
in a total volume of 100 fiL in 50 mM Tris-HCl buffer, pH 7.4. 
[3H]Tyr1-Leu5-enkephalin (Km = 50 /M) was added to a final 
concentration of 10 nM, and the reaction was stopped after 
15 min by adding 10 fiL of 0.5 M HCl. The tritiated metabolite 
[3H]TyT was separated on polystyrene beads as described by 
Vogel and Altstein,38 and the radioactivity was measured by 
liquid scintillation counting. 

Chemistry. Amino acids were obtained from Bachem 
(Bubendorf, Switzerland). Homoserine, homoglutamic acid, 
and all the other reagents were obtained from Aldrich (Saint 
Quentin Fallavier, France) unless otherwise stated. The 
solvents were from Merck (Nogent sur Mame, France). 

Melting points of the crystallized compounds were measured 
on an electrothermal apparatus and are reported uncorrected. 
Chromatography was carried out with Merck silica gel (230-
400 mesh). TLC was performed on precoated silica gel plates 
(60F-254, 0.2 mm thick, Merck) with the following solvent 
systems (v/v): Al, CH2Cl2:MeOH, 9:1; A2, CH2Cl2:MeOH, 8:2; 
Bl, n-hexane:EtOAc, 6:4; B2, re-hexane:EtOAc, 4:1; C, CH2-
Cl2:MeOH:AcOH, 9:1:0.5; D, n-hexane:EtOAc:AcOH, 5:5:0.5; 
E, CHCl3:MeOH:H20:AcOH, 5:5:1:0.5; F, n-BuOH:H20:AcOH, 
4:2:2. Plates were developed with UV light, iodine vapor, or 
ninhydrin. The purity of the final compounds was also checked 
by HPLC using a silica column (Tbuzart & Matignon, Vitry 
sur Seine, France) with CH2Cl2-MeOH-AcOH as solvent. The 
eluted peaks were monitored at 236 nm. The structure of the 
compounds was confirmed by 1H NMR spectroscopy on a 
Bruker AC spectrometer (270 MHz) in DMSO-^6 using HMDS 
as internal reference, and satisfactory analyses (<±0.4%) were 
obtained (C, H, N) for all compounds. 

The following abbreviations are used, MeOH, methanol; 
EtOH, ethanol; EtOAc, ethyl acetate; THF, tetrahydrofuran; 
Boc, iert-butyloxycarbonyl; BoC2O, di-teri-butyl dicarbonate; 
Et2O, diethyl ether; DME, 1,2-dimethoxyethane; DMF, NJf-
dimethylformamide; TFA, trifluoroacetic acid; HOBt, 1-hy-
droxybenzotriazole; DCC, dicyclohexylcarbodiimide; LDA, 
lithium diisopropylamide. 

General Procedure for Protection of the Amino Group. 
Procedure A. The amino group was protected with a tert-
butyloxycarbonyl group using the previously described method 
carried out in DMF.39 

General Procedures for Esteriflcation of the Car
boxylate Group. Procedure B. The methyl or ethyl esters 
were prepared in acidic conditions by the Fischer method 
(alcohol + SOCl2). 

General Procedures for the Reduction of the Ester 
Function. Procedure Cl . The Boc-amino diester was 
dissolved in EtOH:water (1:1) (3 mL/mmol), and NaBH4 (1 
equiv) in the same solvent was added dropwise at 0 °C. After 
15 min, the mixture was heated at 50 °C and stirred for 2—4 
h. The EtOH was then evaporated and the resulting solution 
extracted with EtOAc, washed with brine, dried over Na2SO4, 
and evaporated to dryness. 

Procedure C.2. The Boc-amino diester (1 equiv) was 
dissolved in dry EtOH:THF (8 mL/mmol) and cooled to 0 0C. 
NaBH4 (4 equiv) and LiCl (4 equiv) in solution in the same 
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solvent were added dropwise at 0 0C. The mixture was then 
allowed to warm to room temperature and stirred overnight. 
The reaction was stopped with 1 N HCl, and the mixture was 
extracted with EtOAc, washed with water, 1 N HCl, NaHCO3 
and brine, dried over Na2S04, and evaporated in vacuo. 

General Procedure for Substitution of the Hydroxyl 
Group. Procedure D: Thioacetylation via the Mit-
sunobu Reaction.31 Triphenylphosphine (2 equiv) was dis
solved in dry THF (3.5 mL/mmol). At O 0C, diisopropyl 
azodicarboxylate (2 equiv) was added and the mixture stirred 
for 30 min until a light yellow precipitate was formed. The 
alcohol (1 equiv) dissolved in THF (3 mL/mmol), and CH3-
COSH (2 equiv) were added. The temperature was allowed 
to rise slowly to room temperature while the mixture was 
stirred overnight. After evaporation in vacuo, the residue was 
dissolved in EtOAc and washed successively with a 10% 
NaHCO3 solution, H2O, and brine before being dried over Na2-
SO4. After evaporation, «-hexane/EtOAc was added to the 
residue and the precipitate eliminated. The filtrate was 
evaporated and the residue purified by flash chromatography 
on a silica gel column, using re-hexane:EtOAc, 4:1, as eluent. 

General Procedures for Deprotection Reactions. Pro
cedure E.l: Saponification of Esters and Thioesters. The 
product (1 equiv) was dissolved in its corresponding alcohol 
(EtOH or MeOH) (5 mL/mmol), and 1N NaOH (2.5 equiv) was 
added at O 0C. The mixture was stirred for 30 min at O 0C 
and for 3 h at room temperature. A solution of I2 in EtOH 
was added until a persistant yellow color was obtained. The 
excess iodine was reduced by Na2S2O3, and the solution was 
evaporated in vacuo. The residue was taken up in water, 
acidified with 3 N HCl, and extracted with EtOAc. The organic 
layer was then washed with Na2S2O3, H2O, and brine, dried 
over Na2SO,!, and evaporated to dryness. 

Procedure E.2: Deprotection of N-Boc and terf-Butyl 
Ester Groups by TFA. The product (1 equiv) was dissolved 
in CH2Cl2 (3 mL/mmol). Anisole (1 equiv) and TFA (10 equiv) 
were then added at O 0C. After the mixture had stirred for 30 
min at O 0C and for 2 h at room temperature, c-hexane was 
added to facilitate the evaporation of the TFA in vacuo. The 
residue was taken up with c-hexane and evaporated to dryness 
three or four times. 

Procedure E.3: General Deprotection by Refluxing in 
6 N HCl. The product was taken up in a large excess of 6 N 
HCl, and the mixture was heated at 130 0C and stirred 
overnight. The mixture was then allowed to cool down, before 
being evaporated to dryness. The residue was dissolved in 
H2O and reevaporated. This process was repeated three or 
four times to eliminate excess acid before lyophilization. 

Procedure E.4: Deprotection by HCl in EtOAc. A 2.7 
N solution of HCl in EtOAc (1 mL/mmol) was added at O 0C to 
the compound solubilized in EtOAc. The mixture was then 
stirred for 2 h at room temperature before evaporation to 
dryness.40 

General Procedure for Halide Exchange. Procedure 
F. The chloro derivative was added to a solution of dry NaI 
(2 equiv), in dry acetone (1 mL/mmol). The mixture was 
heated to reflux under a N2 atmosphere for 8 h. After cooling, 
the mixture was filtered off and the filtrate evaporated to 
dryness. It was then taken up in EtOAc, washed with Na2-
SO3, H2O, and brine, dried over Na2SO4, and evaporated to 
dryness to yield the iodo derivative that was used without 
purification. 

Most of the physical data of the compounds synthesized are 
summarized in Table 2. Additional data about the end 
products and some intermediates follow. 

(S)-5-Amino-6-mercaptohexanoic Acid, Hydrochloride 
(5b). (S)-2-Aminoadipic acid was esterified following proce
dure B and gave a white solid (100%), mp 118-119 0C, Rf(Al) 
0.32. The amino group of the diethyl ester obtained was 
protected by a Boc group (procedure A) (100%), oily compound, 
Rf(Bl) 0.48. The reduction of the a-ester was performed by 
procedure C l . A white solid was obtained (67%), mp 45 0C, 
Rf(Al) 0.42. The thioacetylation was performed by procedure 
B. An oily product was isolated (80%), Rf(Bl) 0.56. Treatment 
by TEA (procedure E.2) gave the titled compound (81%): mp 
115-116 °C; Rf(E) 0.59; HPLC CH2Cl2:MeOH:AcOH, 7.5:2.5: 

0.1, tn 8.3 min; [a]D
22 = +17.1° in H2O, c = 1.035; 1H NMR 

(DMSO) d 1.52 (m, 4 H, CH2CH2CH), 2.2 (t, 2 H, CH2CO), 2.70 
(m, 2 H, CH2S), 2.82 (d, IH, SH), 3.15 (m, 1 H, CH), 8.15 (s, 3 
H, NH3

+), 12 (s, 1 H, CO2H). Anal. (C6Hi3NO2S-HCl) C, H, 
N. 

The enantiomers (S)-5b and (R)-Sc were synthesized by the 
same pathway. They had the same physical constants ex
cepted for 5c: [afo22= -17.3° in H2O, c = 1.039. Anal. (C6Hi3-
NO2S-HCl) C, H, N. 

7-fer#-Butyl 1-Ethyl 2(i?yS)-Aminopimelate (Id). 5-Bro-
movaleric acid (9.49 g, 52 mmol) was esterified with isobuty-
lene using the procedure described by Mokotoff41 to obtain tert-
butyl 5-bromopentanoate as a colorless oil, 11.64 g (94%), 
Rf(Bl) 0.64. 

Alkylation of iert-butyl 5-bromopentanoate (5 g, 21 mmol) 
was performed using the procedure described by Duhamel,42'43 

with ethyl(diphenylmethylene)glycinate and LDA. Purifica
tion by flash chromatography in n-hexane:EtOAc (6:1) gave 
7-tert-butyl 1-ethyl 2-[JV-(diphenylmethylene)amino]pimelate 
as a yellow oil, 1.964 g (26%), R/(B2) 0.38. The diphenylimine 
group of 7-teri-butyl 1-ethyl 2-[AT-(diphenylmethylene)amino]-
pimelate (1.93 g, 4.6 mmol) was cleaved using 1 N HCl in 
Et2O44 to give Id as a yellow oil, 500 mg (42%), R/.A1) 0.34. 

7,7'-Dithiobis(6(R,S)-aminoheptanoic acid), Bis(tri-
fluoroacetate) (7d): HPLC CH2Cl2:MeOH:AcOH, 7.5:2.5:0.1, 
*R 6.5 min; 1H NMR (DMSO + TFA) <51.4,1.54, and 1.67 (3 m, 
3 x 2 H, CH2CK2CH2CH), 2.25 (t, 2 H, CH2CO), 3.0 (m, 2 H, 
CH2S), 3.4 (m, 1 H, CH), 7.96 (s, 3 H, NH3

+). Anal. 
(CuH28N2O4S2^TFA) C, H, N. 

6,6'-Dithiobis[5-iV-Boc-(iS)-amino)hexaneLV-fe7-f-
butyloxy)carboxamide]] (8e). At 0 0C, to a solution of 6e 
(368 mg, 0.7 mmol) in dry THF were added successively H2-
NOtBu, HCl (2.1 equiv), Et3N (2.2 equiv), HOBt, H2O (2 equiv) 
in THF (6 mL), and DCC (2.4 equiv) in CHCl3 (5 mL). The 
mixture was stirred for 15 min at 0 0C, and then it was allowed 
to warm to room temperature overnight. It was then filtrated, 
evaporated to dryness, taken up in EtOAc, and washed with 
H2O, citrate 10%, H2O, NaHCO310%, H2O, and brine. It was 
then dried over Na2SO4, filtered, and evaporated to dryness. 
Purification by gel chromatography in CH2Cl2:MeOH, 9:1, gave 
8e as a colorless oil, 328 mg (70%), Rf(Al) 0.47. 

6,6'-Dithiobis[5-(Ar-Boc-(S)-aniino)hexane(Ar-hydroxy-
carboxamide)] (9e). As described by Pless,45 at 0 0C under 
Ar, 8e (140 mg, 0.21 mmol) was stirred in TFA (0.5 mL); 1.7 
mL of a solution of 1 M BTFA (Merck) in TFA was added. The 
mixture was stirred at 0 0C for 2 h. It was then evaporated 
to dryness at room temperature; c-hexane was added and the 
mixture evaporated to dryness several times. It led to 9e as 
a light pink solid: 118 mg (97%); mp >260 0C; Rf(F) 0.53; 
HPLC CH2Cl2:MeOH:AcOH, 8:2:0.1, <R 6.0 min; 1H NMR 
(DMSO + TFA) 6 1.45-1.98 (m, 4 H, CH2CH2CH), 2.25 (t, 2 
H, CH2CO), 2.96 (m, 2 H, CH2S), 3.64 (m, 1 H, CH), 7.96 (bs, 
3 H, NH3

+), 10.09(s, I H , ATHOH). Anal. (Ci2H26N4O4S2STFA) 
C, H, N. 

Methyl 4-(2V-Boc-(A,S)-amino)-5-hydroxy-2CR,S)-meth-
ylpentanoate (Hf). (2R^S,4E,S)-4-Methyl-AT-Boc-glutamic 
acid dimethyl ester was synthesized using the procedure 
described by Done46 followed by esterification (B) and amino 
protection (A). This compound, 1Of (3 g, 8 mmol), was reduced 
using procedure C l followed by purification by flash chroma
tography in CH2Cl2-MeOH (9:1) to afford Hf as a yellow oil, 
1.18 g (56%), Rf(Al) 0.40. 

5,5'-Dithiobis(4tK,S)-amino-2(R,S)-methylpentanoic 
acid), Bis(trifluoroacetate) (14f): HPLC CH2Cl2:MeOH: 
AcOH, 8:2:0.1, iR 5.9 min; 1H NMR (DMSO + TFA) <5 1.07 (d, 
3 H, CH3CH), 1.56 and 1.97 (m, 2 H, CH2), 2.58 (m, 1 H, CHy), 
2.92 (m, 2 H, CH2S), 3.38 (m, 1 H, CHa), 7.9 (s, 3 H, NH3

+), 
12.2 (s, 1 H, CO2H). Anal. (Ci2H24N2O4S2^TFA) C, H, N. 

1-Methyl 6-Ethyl 2-iV-Boc-(S)-amino)-5(#,S)-methyl-
adipate (1Og). Ethyl 2-(diethylphosphono)propanoate (1.6 
equiv) and NaH (1.6 equiv) in dry DME were stirred at 0 0C 
for 15 min until tert-butyl 2-(iV-Boc-amino)-4-oxobutanoate 
(2.94 g, 10.8 mmol), prepared according to the procedure of 
Ramsamy et al.,47 was added. The mixture was then heated 
to reflux for 5 h and evaporated to dryness. It was taken up 
in EtOAc, washed with water and brine, dried over Na2SO4, 
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'̂ -"N= 
NHR, 

compd 

lb 
2b 
3b 
4b 
5b 
2d 
3d 
4d 
6d 
7d 
6e 

12f 
13f 
14f 
U g 
12g 
13g 
14g 
16h 
17h 
ISh 
19h 
2Oh 
21h 
22h 
16i 
17i 
ISi 
19i 
2Oi 
21i 
22i 
23j 
24j 
25j 
26j 
27j 
23k 
24k 
25k 
26k 
27k 
311 
321 
331 
341 
29m 
32m 
33m 
34m 
35n 
36n 
37n 

Ri 

CO2Et 
CO2Et 
CH2OH 
CH2SAc 
CH2SH 
CO2Et 
CH2OH 
CH2SAc 
CH2S-I2 
CH2S-I2 
CH2S-I2 
CH2SAc 
CH2S-J2 
CH2S-]2 
CH2OH 
CH2SAc 
CH2S-]2 
CH2S-]2 
CO2Et 
CO2Et 
CO2Et 
CO2Et 
CH2OH 
CH2SAc 
CH2SH 
CO2Et 
CO2Et 
CO2Et 
CO2Et 
CH2OH 
CH2SAc 
CH2SH 
CO2Me 
CH2OH 
CH2SAc 
CH2S-J2 
CH2S-J2 
CO2Et 
CH2OH 
CH2SAc 
CH2S-J2 
CH2S-J2 
CO2Et 
CH2OH 
CH2SAc 
CH2SH 
(CO2Et)2 
CH2OH 
CH2SAc 
CH2SH 
CH2OH 
CH2SAc 
CH2SH 

R2 

H, HCl 
Boc 
Boc 
Boc 
H, HCl 
Boc 
Boc 
Boc 
Boc 
H 
Boc 
Boc 
Boc 
H1TFA 
Boc 
Boc 
Boc 
H1TFA 
H, HCl 
Boc 
Boc 
Boc 
Boc 
Boc 
H1HCl 
H1HCl 
Boc 
Boc 
Boc 
Boc 
Boc 
H1HCl 
Boc 
Boc 
Boc 
Boc 
H1HCl 
Boc 
Boc 
Boc 
Boc 
H1HCl 
Ac 
Ac 
Ac 
H1HCl 
Ac 
Ac 
Ac 
H1HCl 
Boc 
Boc 
H1HCl 

R3 

(CH2)2C02Et 
(CH2)2C02Et 
(CH2J2CO2Et 
(CHa)2CO2Et 
(CH2)2C02H 
(CH2)3C02tBu 
(CH2)3C02tBu 
(CH2)3C02tBu 
(CH2)3C02tBu 
(CH2)3C02-, NH4

+ 

(CH2)2C02H 
CH(CH3)CO2Me 
CH(CH3)CO2H 
CH(CH3)CO2H 
CH2CH(CH3)CO2Et 
CH2CH(CH3)CO2Et 
CH2CH(CH3)CO2H 
CH2CH(CH3)CO2H 
CH2Cl 
CH2Cl 
CH2I 
CH2SO3Na 
CH2SO3Na 
CH2SO3Na 
CH2SO3Na 
(CH2)2C1 
(CH2)2C1 
(CH2)2I 
(CH2J2SO3Na 
(CH2)2S03Na 
(CHs)2SO3Na 
(CHa)2SO3Na 
CH(C02tBu)2 
CH(C02tBu)2 
CH(C02tBu)2 
CH(C02tBu)2 
CH(CO2H)2 
CH2CH(C02tBu)2 
CH2CH(C02tBu)2 
CH2CH(C02tBu)2 
CH2CH(C02tBu)2 
CH2CH(CO2H)2 
CH2PO3Et2 
CH2PO3Et2 
CH2PO3Et2 
CH2PO3H2 
(CHa)2PO3Et2 
(CH2)2P03Et2 
(CH2)2P03Et2 
(CHa)2PO3H2 
(CH2)2OH 
(CH2)2SAc 
(CHa)2SH 

Ca 

S 
S 
S 
S 
S 
* 
* 
* 
* 
* 
* 
* 
* 
* 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
-
* 
* 
* 
S 
S 
S 

method 

B 
A 
C l 
D 
E.3 
A 
C.2 
D 
E.l 
E.l 
E.l 
D 
E.l 
E.2 
C l 
D 
E.l 
E.2 
B 
A 
F 
b 
C l 
D 
E.3 
B 
A 
F 
b 
C.2 
D 
E.3 
C 

C.2 
D 
E.l 
E.4 
C 

C.2 
D 
E.l 
E.4 
d 
C.2 
D 
E.3 
d 
C.2 
D 
E.3 
C.2 
D 
E.3 

yield (%) 

quant 
quant 
67 
80 
81 
52 
91 
76 
61 
61 
61 
42 
82 
51 
50 
53 
71 
57 
98 
82 
80 

' 78 
75 
80 
quant 
92 
52 
55 
quant 
51 
85 
quant 
60 
70 
55 
82 
66 
63 
86 
56 
86 
97 
86 
93 
38 
quant 
84 
quant 
46 
quant 
86 
27 
98 

mp (0C) 

118 
oil 
45 
oil 
115 
oil 
oil 
oil 
oil 
oil 
oil 
oil 
oil 
99 
oil 
oil 
oil 
132 
105 
55 
49 
100 
oil 
oil 
>260 
oil 
oil 
oil 
150 
92 
101 
157 
oil 
oil 
oil 
oil 
211 
oil 
oil 
oil 
oil 
124 
oil 
oil 
oil 
oil 
oil 
oil 
oil 
oil 
oil 
76 
oil 

TLC 

0.71 (E) 
0.48 (Bl) 
0.42 (Al) 
0.56 (Bl) 
0.59 (E) 
0.64 (Bl) 
0.59 (Al) 
0.68 (Bl) 
0.63 (Bl) 
0.63 (Bl) 
0.63 (Bl) 
0.50 (Bl) 
0.44 (D) 
0.20 (E) 
0.49 (Al) 
0.51(Bl) 
0.42 (D) 
0.38 (E) 
0.36 (Al) 
0.61 (Bl) 
0.61 (Bl) 
0.28 (A2) 
0.12 (A2) 
0.20 (A2) 
0.23 (F) 
0.38 (Al) 
0.40 (B2) 
0.37 (B2) 
0.24 (A2) 
0.10 (A2) 
0.22 (A2) 
0.39 (F) 
0.63 (Bl) 
0.35 (Bl) 
0.60 (Bl) 
0.66 (Bl) 
0.41 (F) 
0.71 (Bl) 
0.25 (Bl) 
0.66 (Bl) 
0.73 (Bl) 
0.52 (F) 
0.58 (C) 
0.24 (Al) 
0.48 (Al) 
0.26 (F) 
0.58 (Al) 
0.31 (C) 
0.46 (Al) 
0.29 (G) 
0.25 (Al) 
0.57 (Bl) 
0.77(E) 

' Methods and TLC systems are described in the experimental section. * = R,S. b See ref 51 . c See refs 52 and 53. d See ref 50. 

and evaporated to dryness. Purification by flash chromatog
raphy in c-hexane:EtOAc (9:1) gave (S)-l-tert-butyl 6-ethyl 
2-(iV-Boc-amino)-5-methylhex-4-enedioate as a yellow oil, 1.768 
g (46%), iJ/B2) 0.64. 

(S)-l-tert-butyl 6-ethyl 2-(Ar-Boc-amino)-5-rnethylhex-4-ene-
dioate (1.92 g, 5.4 mmol) was then dissolved in MeOH. Pt/C 
was added as a catalyst, and the mixture was stirred under 
an atmosphere of hydrogen overnight. After filtration of the 
catalyst, the remaining solution was evaporated to dryness and 
gave (2S,5fl,S)-l-ter*-butyl 6-ethyl 2-(iV-Boc-amino)-5-methyl-
adipate as a yellow oil, 1.6 g (83%), B/(B2) 0.64. 

Deprotection of (2S,5i?,S)-l-tert-butyl 6-ethyl 2-(iV-Boc-
amino)-5-methyladipate (1.6 g, 4.5 mmol) was carried out with 
procedure E.4. (2S,5iJ,S)-6-Ethyl 2-amino-5-methyladipate 
was obtained as a colorless oil, 1.1 g (quantitative), Rf(E) 0.54. 

(2S,5#,S)-6-Ethyl 2-amino-5-methyladipate (1.06 g, 4.4 
mmol) was then amino protected (A) and purified by flash 
chromatography in CH2Cl2-MeOHAcOH (9:0.3:0.5), giving 
(2S,5i?,S)-6-ethyl 2-(iV-Boc-amino)-5-methyladipate as a yellow 
oil, 900 mg (67%), Rf(Al) 0.39. 

Finally, (2S,5i?,S)-6-ethyl 2-(N-Boc-amino)-5-methyladipate 
(900 mg, 3 mmol) was esterified under basic conditions via 
the cesium salt of the acid and CH3I48 into 1Og as a yellow oil, 
790 mg (84%), R1(Al) 0.42. 

6,6'-Dithiobis(5(S)-amino-2(i?,S)-methylriexanoic acid). 
Bis(trifluoroacetate) (14g): HPLC CH2Cl2:MeOH:AcOH, 
8:2:0.1, tn 5.8 min; 1H NMR (DMSO) <5 1.05 (d, 3 H, CH3CH), 
1.4-1.6 (m, 4 H, CH2CH2CB), 2.3 (m, 1 H, CFCOOH)1 2.95 
(m, 2 H, CH2S), 3.3 (m, 1 H1 CH)1 7.95 (s, 3 H1 NH3

+), 12.3 (s, 
I H , COOH). Anal. (Ci4H28N2O4S2^TFA)C1H1N. 
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Sodium 3(S)-Amino-4-mercaptobutanesulfonate (22h). 
By treatment with EtOH and SOCI2, L-homoserine gave the 
intermediate 16h, which was esterified on the a-carboxylate 
and halogenated on the side chain, white solid (98%), mp 105-
106 0C, Rf(Al) 0.36. 

After protection of the a-amine (procedure A, compound 
17h), the halide exchange was performed by procedure F, 
leading to 18h, white solid (80%), mp 49 0C, Rf(Bl) 0.61. The 
sulfonation was carried out as previously reported,61 giving a 
yellow solid, 19h (78%), R/(A2) 0.28. The last steps of the 
synthesis, reduction of the a-ester (procedure C, compound 
2Oh), thioacetylation (procedure D, compound 2Ih), and 
deprotection (procedure E.3), gave the compound desired: 
white solid; mp >260 0C; Rf(F) 0.23; [a]19

D = +11.1° in H2O, c 
= 2.145; HPLC CH2Cl2:MeOH:AcOH, 8:2:0.1, tR 5.1 min; 1H 
NMR (DMSO + TFA) 6 1.84-2.14 (m, 2 H, CH2CU), 2.7 (m, 4 
H, CH2SH and CH2SO), 3.32 (m, 1 H, CH), 7.97 (bs, 3 H, 
NH3

+). Anal. (C4H10NNaO3S2-HCl)C1H1N. 
(S)-ter*-Butyl2-(2V-Boc-(S)-amino)-5-hydroxypentanoate 

(15i). To a solution of BoC-L-GIu(OH)OtBu (5.35 g, 17 mmol) 
in dry DME were successively added under N2 at - 1 5 0C 
4-ethylmorpholine (1 equiv) and isobutyl chloroformate (1 
equiv).49 After 5 min, the precipitate of 4-ethylmorpholine, 
HCl was filtered off and washed by DME. Filtrate and 
washings were combined in a large flask in an ice—salt bath. 
A solution OfNaBH4 (1.5 equiv) in H2O (8.5 mL) was added. 
After the solution was stirred for 15 min at the same 
temperature, H2O (425 mL) was added next. Evaporation to 
dryness and purification in ra-hexane:EtOAc, 6:4, gave 15i as 
a colorless oil, 4.78 g (96%), Rf(Al) 0.45, Rf(Bl) 0.35. 

Sodium 4-Amino-5-mercaptopentanesulfonate (22i): 
M20D = -0.2° in H2O, c = 0.619; HPLC CH2Cl2:MeOH:AcOH, 
8:2:0.1, tK 4.2 min; 1H NMR (DMSO + TFA) <5 1.74 (m, 4 H, 
CH2CH2CH), 2.64 (m, 2 H, CH2SO), 2.75 (m, 2 H, CH2SH), 
3.25 (m, 1 H, CH), 8.0 (bs, 3 H, NH3

+). Anal. (C5H12-
NNaO3S2-HCl) C, H, N. 

5,5-Dithiobis(4(R,S)-amino-2-carboxypentanoic acid), 
Bis(hydrochloride) (27j): HPLC CH2Cl2:MeOH:AcOH, 8:2: 
0.1, tn 5.3 min; 1H NMR (DMSO + TFA) <5 2.25 and 2.48 (2 m, 
2 x 1 H, CH2CH), 2.78 and 2.85 (dd, 2 H, CH2S), 3.18 (m, 1 H, 
CHy), 3.82 (m, 1 H, CHa), 8.12 (bs, 3 H, NH3

+). Anal. 
(Ci2H20N2O8S2-2HCl) C, H, N. 

6,6'-Dithiobis(5(B^S)-amino-2-carboxyhexanoic acid), 
Bis(hydrochloride) (27k). The intermediate 18h (described 
in the preparation of 22h) was treated with di-terf-butyl 
malonate and NaH, leading to 23k. The reduction of the 
a-ester (procedure C.2) gave 24k as an oily product (86%), 
Rf(Bl) 0.25. The thioacetylation (procedure D) led to 25k, oily 
product (56%), Rf(Bl) 0.66. The saponification of the thioester 
(procedure E.l) and the deprotection of the fert-butyl groups 
(procedure E.4) gave the titled compound as a white solid: mp 
124 °C; R/(F) 0.52; HPLC CH2Cl2:MeOH:AcOH, 7.5:2.5:0.1, tR 

8.3 min; 1H NMR (DMSO + TFA) <5 1.63 and 2.02 (m, 4 H, 
CH2CH2CH), 3.04 (m, 2 H, CH2S), 3.29 (t, 1 H, CH<5), 3.42 (m, 
1 H, CHa), 8.09 (bs, 3 H, NH3

+). Anal. (Ci4H24N208S2-2HCl) 
C, H, N. 

Ethyl 2-(iV-Acetyl-(ByS)-amino)-4-(diethylphosphono)-
butanoate (311). Diethyl (2-bromoethyl)phosphonate (25.5 g, 
100 mmol) was alkylated using the procedure described by 
Chambers50 with diethyl acetamidomalonate. 311 was recov
ered decarboxylated in the aqueous phase as a yellow oil, 27 
g (86%) (the yield is calculated for the decarboxylated product), 
Rf(C) 0.58. NMR data showed the product had undergone 
decarboxylation. 

Sodium 3CR,S)-Amino-(4-mercaptobutyl)phosphonate 
(341): HPLC CH2Cl2:MeOH:AcOH, 8:2:0.1, tR 4.2 min; 1H NMR 
(DMSO + TFA) d 1.53-1.94 (m, 4 H, CH2CH2), 2.7 (m, 2 H, 
CH2S), 3.25 (m, 1 H, CH), 7.97 (bs, 3 H, NH3

+). Anal. (C4H12-
NO3PS-HCl) C, H, N. 

Sodium 4CR,S)-Amino-(5-mercaptopentyl)phospho-
nate (34m). HPLC CH2Cl2:MeOH:AcOH, 8:2:0.1, *E 4.2 min; 
1H NMR (DMSO + TFA) <5 1.65 (m, 6 H, CH2CH2CH2), 2.72 
(m, 2 H, CH2S), 3.22 (m, 1 H, CH), 7.95 (s, 3 H, NH3

+). Anal. 
(C5H14NO3PS-HCl) C, H, N. 

2(S)-Aminopentane-l,5-dithiol, Hydrochloride (37n). 
The reduction of both ester functions of Boc-Glu(OCH3)OCH3 

by procedure C.2 led to the diol 35n, oily product (86%), R/(A1) 
0.25. The thioacetylation (procedure D) gave the intermediate 
36n as a white solid (27%), mp 76 0C, Rf(Bl) 0.57. The 
deprotection of the three functional groups by procedure E.3 
gave the titled compound as an oily product (98%): Rf(E) 0.77; 
HPLC CH2Cl2:MeOH:AcOH, 8:2:0.1, tK 11.6 min; 1H NMR 
(CDCl3) <51.46 (t, 1 H, SH), 1.64 and 2.05 (m, 4 H, CH2CH2CH), 
1.97 (t, 1 H, SH), 2.52 (m, 2 H, CH2CH2SH), 2.88 (m, 2 H, 
CHCH2SH), 3.4 (m, 1 H, CH), 8.43 (bs, 3 H, NH3

+). Anal. 
(CSHI 3 NS 2 -HCI) C, H, N. 

Verification of the Optical Purity of Compound 22h. 
Saponification under N2 of compound 21h by degassed aqueous 
NaOH (1.1 equiv) yielded its sodium salt, Boc-NHCH(CH2CH2-
SO3Na)CH2SNa. This compound was condensed with (S)-
phenylbutyric acid chloride, obtained from 2(S)-phenylbutyric 
acid treated by SOCl2 in refluxing CH2Cl2. The resulting 
phenylbutyryl thioester was checked on HPLC, showing a 
single peak (kromasil C8, 5 fim, 100 A, A = H2O-TFA 0.05%, 
B = CH3CN, tn 15.8 min, gradient 30%-60% B in 15 min), 
and a NMR TOXY experiment was carried out, confirming the 
presence of only one stereoisomer, which was therefore as
sumed to be the S isomer. 
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