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Analgesic Dipeptide Derivatives. Part 8.' 3-Amino-Z-hydroxy-4-[2-(0- 
nitrophenylthio)indoI-3-yl]butanoic Acid [AH( Nps)lBA]-Containing Dipeptide 
Analogues of the Analgesic Compound H-Trp( Nps)-Lys-OMe 
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A series of  diastereoisomeric dipeptides, analogues of  the analgesic compound H -Trp( Nps) - 
Lys - 0 Me, acid 
[AH(Nps) lBA] and Lys or Leu has been synthesized. These compounds were tested as 
aminopeptidase- M and - B  (AP- M and AP- B) inhibitors and as analgesics. The A H  (Nps) I BA-  Leu 
dipeptides, independently of their stereochemistry, were poor inhibitors of  A P - M  and AP-B, with 
IC,,-values in the mol dm-3 range, whi le the AH(Nps) lBA-Lys derivatives were poor AP-B 
inhibitors, with lCs,-values also in the lo-' mol dm-3 range, and did not inhibit A P - M  up t o  lop3. 
All the A H  (Nps) I BA- Lys derivatives induced a significant dose-related analgesic activity at 1-5 pg per 
mouse, which was dependent on the stereochemistry, whi le n o  analgesia was observed with the 
corresponding Leu-containing analogues. There is no relationship between the antinociceptive effects 
and the A P - M  inhibitory potencies of this series of  compounds, indicating that the inhibition of  
enkephalin-degrading A P - M  is not an important factor for the mode of action of  this series of analgesic 
d i pept ides. 

con ta i n i ng 3 - am i no - 2 - h y d  roxy - 4 - [ 2 - (0 - n it ro p hen y I t h io) i n do1 - 3 - y I] bu ta noic 

In previous  paper^^.^^ it was reported that the synthetic 
dipeptide H- Lys-Trp(Nps)-OH (Nps = o-nitrophenylthio) 1 
and its methyl ester 2 exhibited naloxone-reversible analgesia in 
mice, comparable with that of the enkephalin analogue D-Ala- 
Met-enkephalinamide (DAME) with regard to both maximum 
effect and the time-course of analgesia. Studies to establish the 
structural requirements for the antinociceptive effect of com- 
pounds 1 and 2 showed the need for a basic amino a ~ i d , ~ , ~  the 
importance of the Nps m ~ i e t y , ~ . ~  and the dependence of the 
analgesic activity on the absolute configuration of each amino 
acid.5 The analgesic activity was found to be independent of the 
order of the amino acid sequence,' since the dipeptide H- 
Trp(Nps)-Lys-OMe 3 showed an antinociceptive effect similar 
to that of its isomer 2. Studies on the mechanism of action of 
compound 1 appear to indicate that these Trp(Nps)-containing 
dipeptides do not act directly on opioid receptors, but their 
antinociceptive effects could possibly be explained by a 
mixture of a moderate enkephalin-degrading aminopeptidase 
(AP) inhibition and Met-enkephalin-releasing properties.2 We 
considered that a structural modification able to increase the 
AP inhibitory potency of these dipeptide derivatives could help 
to clarify the participation of this inhibition in the observed 
analgesic effect and, therefore, in its mode of action. With this 
aim, the Trp(Nps) residue of compound 3 has now been 
replaced by its corresponding a-hydroxy-substituted homo- 
logue, 3-amino-2-hydroxy-4-[2-(o-nitrophenylthio)indol-3-y1]- 
butanoic acid [AH(Nps)IBA]. In these compounds the a- 
hydroxy group could mimic the tetrahedral intermediate 
formed during the substrate's hydrolysis by APs. This concept 
has been applied to explain the potent inhibition of APs by the 
natural compound (2S,3R)-3-amino-2-hydroxy-4-phenylbutan- 
oyl-L-leucine [(2S,3R)-AHPBA-Leu, bestatin 4],6 which 
protects the endogenous enkephalins, released from K + -  

depolarized brain slices, from degradation by this type of 
enzyme.' This paper deals with the synthesis, inhibitory 
properties against AP-M (EC 3.4.1 1.2) (the main membrane- 
bound AP which degrades enkephalins),* and the antino- 
ciceptive activity of a series of stereoisomeric dipeptide 

derivatives 5, in which the absolute configuration of each 
asymetric centre has been varied systematically. For com- 
parative purposes the bestatin analogues 6,  in which the 
AHPBA residue has been replaced by AH(Nps)IBA, have also 
been synthesized and included in the biological assays. Since 
bestatin is also a well known AP-B (EC 3.4.1 1.6) inhibitor, 
inhibition which is related to its immunomodifier activity,' 
dipeptides 5 and 6 were also evaluated against this enzyme. All 
biological data are compared with those of the parent 
compounds 3 and bestatin 4. 
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5 Xaa = Lys-OH 
6 Xaa = Leu-OH 

Results and Discussion 
Chernistry.-As indicated in Scheme 1, the N-protected 

AH(Nps)IBA 14 and 15 were prepared following our method 
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Scheme 1 Reagents: i, TMSCN; ii, Nps-C1, H'; iii, HCl, MeOH; iv, water; v, NaOH, MeOH 

for the stereoselective synthesis of (2S73R)- and (2R,3S)-3- 
amino-2-hydroxy acids recently reported. ' Thus, reaction of 
N-Z-D-tryptophanal 7, freshly prepared' ' by the method of 
Fehrentz and Castro,' with trimethylsilyl cyanide (TMSCN) 
in dry dichloromethane yielded a (4: l )  mixture of the 
corresponding threo and erythro o-(trimethylsilyl) cyano- 
hydrins 8 and 9. These cyanohydrins were sulphenylated in situ, 
by treatment with a solution of o-nitrobenzenesulphenyl 
chloride (Nps-C1) in dry 1 mol dmP3 HCI in MeOH,4.'3 to give a 
(4: 1) mixture of the o-nitrophenyl thio(Nps)cyanohydrins 10 
and 11.  This mixture could not be separated by chromato- 
graphy using different elution systems. The UV spectrum of the 
10 + 11 mixture showed two absorption maxima, at 358 nm 
(E 3.346 x lo3) and 279 nm ( E  1.246 x lo4), characteristic of 
Trp(Nps)-deri~atives.~.' 3b The mixture of cyanohydrins 10 + 
11 was transformed into a (4: l )  mixture of the 2-hydroxy 
methyl esters 12 + 13 by treatment with dry methanolic 
hydrogen chloride, followed by in situ hydrolysis of the imidate 
hydrochloride intermediates. The ratio of diastereoisomers was 
determined by measurement of the integrals of the two singlets, 
corresponding to the methyl ester groups, in the 'H NMR 
spectrum of the mixture. Attempts to transform directly the 
mixture of O-trimethylsilyl cyanohydrins 8 + 9 into the 
corresponding Nps-unsubstituted methyl esters gave a complex 
and intractable mixture, due to the instability of tryptophan 
derivatives in strongly acidic media.14 O n  the other hand, 
attempts to transform the mixture of cyanohydrins 8 + 9 into 
the corresponding imidates by treatment with sodium 
methoxide led to the starting aldehyde 7. 

The mixture of methyl esters 12 + 13 was saponified to yield 
a (4: 1)  mixture of acids 14 + 15, which could not be separated. 
The C-2 configuration of these compounds was established on 
the basis of the 'H NMR spectrum of the mixture of the 
corresponding oxazolidin-2-0nes'~ 16 + 17. The major oxa- 
zolidinone 16 had a H4,Hs trans disposition, as indicated by its 
J-value of 4.5 Hz, while the minor isomer 17 had a J4.,-value of 
9 Hz, consistent with a cis disposition. Similarly, a (4: 1 )  mixture 
of ( 2 R , 3 S ) -  (23) and (2S,3S)-  (24) enantiomers of compounds 
14 and 15, respectively, was obtained from N-Z-L-tryptophanal 
18. 

Coupling of the (4: I )  mixtures 14 + 15 or 23 + 24 with the 
methyl esters of L-LYS, u-Lys or L-Leu, respectively, t7iu the 

dicyclohexylcarbodiimide (DCC) method in the presence of 1 - 
hydroxybenzotriazole, yielded the corresponding mixtures of 
protected dipeptides 25 + 26 and 27 + 28 indicated in Scheme 
2. These mixtures were separated by flash chromatography, 
with the exception of the mixtures 25a + 26a and 27b + 28b. 
Saponification of products 2 5 2 8  yielded acids 29-32, which 
after removal of the N-Z protecting group, by treatment with 
trimethylsilyl iodide (TMSI), gave the fully deprotected 
dipeptides 33-36. As in the case of all Trp(Nps)-containing 
dipeptides previously reported,' .3*5 a significant shielding of the 
Nps 6-H (6 6.85), with respect to the theoretically calculated 
&value (6 7.58), was observed. 

Biological Data.-A P-M und AP-B Inhibition. The new 
synthetic dipeptide analogues 3S36  were tested as inhibitors 
of AP-M and AP-B. As shown in Table 1, none of the new 
Lys-containing analogues (33a + 34a, 33b, 34b, 35a, 36a and 
35b +36b) inhibited AP-M in concentrations up to mol 
dm-3, while the parent dipeptide 3 and the Leu-containing 
derivatives 33c-36c were poor inhibitors, with an IC,,-value 
in the mol dm-3 range. Concerning AP-B inhibition, all 
the AH(Nps)IBA-containing dipeptides were also weak in- 
hibitors, with IC,,-values in the mol dmP3 range. The 
similarity in the IC,,-values on both enzymes for all the 
diastereoisomers, here reported, shows that, in  contrast to 
what happens with bestatin 4, the influence of the absolute 
configuration of the N-terminal P-amino-a-hydroxy acid 
moiety is very low. 

Antinociceptiue Actiuitjy. --The antinociceptive effect (in mice) 
of the dipeptide derivatives 3S36, in the tail-flick test, given by 
the intracerebroventricular (icv) route, are listed in Table 2. All 
the AH(Nps)IBA-Lys derivatives (33a + 34a, 33b, 34b, 35a, 36a 
and 35b + 36b) induced dose-related analgesic activity at 1-10 
pg mouse-', which was dependent on the stereochemistry, while 
no analgesia was observed with the corresponding Leu- 
containing analogues 33c-36c after the highest dose tested ( 5  pg 
mouse-'). These facts reflect the need for a basic amino acid, and 
the influence of the absolute configuration of each amino acid 
on the antinociceptive effects, previously observed in this series 
of dipeptide  derivative^.^.^.' Although the AH(Nps)IBA-Lys 
dipeptides were approximately 2-20-times less potent than the 
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Scheme 2 Dipeptide synthesis 
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Table 1 
3 3 3 6  on AP-M and AP-B 

Inhibitory potency of the AH(Nps)IBA-containing dipeptides 

AP-M AP-Bu 
Compound IC,, ( mol dm-3) IC,, ( mol dm-3) 

33a +34a >lo00 
33b > lo00 
34b > lo00 
33c 2 50 
34c 456 
35a > lo00 
36a > lo00 
35b + 36b >lo00 
3% 506 
36c 492 
3 536 
Bestatin 4 19.4 

997 
802 
622 
43 1 
389 
923 
985 
712 
523 
562 

> lo00 
6 

'Values are the mean of 4 5  experiments with 3-5 different 
concentrations of inhibitor. Standard errors were less than 10% of the 
mean. 

model compound 3, all the new analogues were less toxic and 
had a longer effect. For example, the peak antinociceptive effect 
of compound 3 was observed at 5 min following injection, and 
the effect was completely extinguished at 60 min. However, 
administration of compounds 33b, 34b, 36a and 35b + 36b 
resulted in prolonged analgesia, still observed at 60 min after 
injection. Compounds 33a + 34a (5 pg mouse-') and 35a (10 pg 
mouse-') had an even longer effect, which was observed even 2 h 
after injection. In all cases the analgesia was almost completely 
blocked by previous administration of naloxone, 5 mg kg-', 
given 15 min before the icv injection. There was no relationship 
found between antinociceptive effect and AP-M inhibition, 
since the AH( Nps)IBA-Lys dipeptides were analgesic, but did 
not inhibit AP-M, while the AH(Nps)IBA-Leu derivatives, 
which inhibited AP-M weakly, did not have any antinociceptive 
effect. This fact indicates that the inhibition of enkephalin- 
degrading AP is not an important factor for the mode of action 
of this series of analgesic compounds. 

The most important aspect emerging from these biological 
data is that there appears to be no relationship between the 
antinociceptive effect and the AP-M inhibition by this series of 
dipeptides. 

Experimental 
Genc.rci/.-- M.p.s were taken on a Reichert-Jung Kofler micro 

hot stage apparatus, and are uncorrected. Elemental analyses 
were obtained using a Heraeus CHN-0-RAPID instrument. 
'H  NMR spectra were recorded with a Varian XL-300 
spectrometer (300 MHz), with Me4% as internal standard. J- 
Values are given in Hz. UV absorption spectra were taken with 
a Perkin-Elmer 550 SE spectrophotometer, with MeOH as 
sample solvent. Analytical TLC was performed on aluminium 
sheets coated with a 0.2 mm layer of silica gel 60 F254, obtained 
from Merck. Silica gel 60 (230-400 mesh; Merck) was used for 
flash chromatography. 

General Procedure fo r  the Synthesis of (4: 1) Mi-vrures qf threo- 
and ery t hro-3 -( Benz~~loxycarbonylamino)-2-h~~dr~xy-4- [2-( o- 
nitrophenylthio)indol-3-yl]butyronitrile 10 + 1 1 and 19 + 
20.-TMSCN (1.07 g, 10.8 mmol) was added to a solution of N- 
Z-D- or -L-tryptophanal'7 (2.90 g, 9 mmol), freshly prepared in 
90% yield from the corresponding N-Z-Trp-OH by the method 
of Fehrentz and Castro,' * in dry dichloromethane (60 cm3), and 
the solution was stirred at room temperature for 5 days. The 
reaction mixture was then evaporated, and the crude mixture of 
threo and erythro 0-(trimethylsilyl) cyanohydrins was dissolved 
in a solution of 0.3 mol dmP3 HCI in MeOH (60 cm3), to which 
Nps-C1 (1.78 g, 9.4 mmol) was added. After being stirred for 2 h 
at room temperature the mixture was evaporated and the 
residue was dissolved in dichloromethane (100 cm3). The 
solution was washed successively with aq. NaHCO, (20 cm3), 
water (20 cm3) and brine (20 cm3), dried over dry Na2S04, and 
evaporated. The residue was purified by flash chromatography 
[(4: 1)hexane-thyl acetate], to give a (4: 1)  mixture 10 + 11 or 
19 +20, each as a yellow solid (3.16 g, 70%), m.p. 15&156 "C 
(from benzene-hexane). 

(4: 1 )  Mixture qf(2S,3R)- and (2R,3R)-3-(ben=iilo.x~~c~~rbonyl- 
amino)-2-hydro~v~~-4-[2-(o-nitrophen,vlthi~)indoI-3-~~l]but~r~- 
nitrile 10 + 11 (Found: C, 61.9; H, 4.6; N, 11.0; S, 6.2. 
C2,H,,N4O5S requires C, 62.15; H, 4.4; N, 11.15; S, 6.4%); 
A,,,(MeOH)/nm 279 ( E  1.246 x lo4) and 358 ( F  

3.346 x lo3); 6, [300 MHz; (CD,),CO] 3.23 (1 H, m, CH2- 
Indol), 3.92 (1 H, m, CH2-Indol), 4.20 (1 H, m, 3-H), 4.64 C0.2 H, 

m, OCH,), 5.97 (1 H, m, OH), 5.56 (1 H, m, N H Z ) ,  6.85 [ i  H, d, 
J7.8, 6"-H (Nps)], 7.12-7.49 [9 H, m, Ph (Z), 5'-H, 6'-H and 7'- 
H (Indol) and 4"-H (Nps)], 7.83 C0.2 H, d, J 8,4'-H (Indol ll)], 
7.87 C0.8 H, d, J8,4'-H (Indol lo)], 8.23 [ l  H,d, J8,3"-H (Nps)] 
and 10.62 [ l  H, s, NH (Indol)]. 

(4: 1 )  Mi.vture cf (2R,3S)- and (2S ,3S ) -3 - (ben i~~ lo . v~~~~urbon~~l -  
umino)-2-hj~dro.xy-4- [2-(o-nitrophenylthio)indol- 3-~11] hutJ,ro- 

d, J 2 . 3  0.8,2-H (ll)], 4.70 C0.8 H, d, J2.3 3.5,2-H (lo)], 4.93 (2 H, 
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Table 2 Antinociceptive effect of the AH(Nps)IBA-containing dipeptides 3336 

% Change in reaction time (min)u 
Dose 

Compound (pg mouse-’ icv) 5 30 60 I20 

33a + 34a 

33b 

34b 

33c 
34c 
35a 

36a 

35b + 36b 

3% 
36c 
3‘ 

1 
5 

10 
1 
5 

10 
I 
5 

10 
5 
5 
I 
5 

10 
1 
5 
1 
5 
5 
5 
0.5 
1 

33 & 10* 
62 f. 10* 

237 f 30* 
10 & 7 
99 f 30* 

121 f. 21* 
24 & 13 
71 & 30* 

124 k 25* 
21 f. 6 
15 & 8 
33 & 5* 
69 f 14* 

149 f. 30* 
132 & 21* 

152 & 10* 

29 k 13 
10 _+ 15 

138 f. 15* 

h 

h 

b 

2 - t  I 1  8 k I 1  
104 k 12* 106 + 15* 65 + 12* 
267 _+ 20* 121 k 21* h 

118 & 22* 73 k 19* 30 & 14 
78 + 10* 40 + 13* 8 k  13 
21 & 10 28 + 9 
87 & 21* 54 k 16* 13 2 9 
98 + 17* 72 k 12* 8 f 13 

- 1 1  a 6  - 2 k 5  

5 + 7  2 &  I 1  
6 + 4  - 5 2 1 2  

62 f 18* 53 f 10* 23 f 6 
53 + 13* 50k 19* 30 f 8 

117 f. 21* 109 _+ 22* 72 + 1 1 *  
57 k 15* 50 k 12* 14 & 7 

82 + 15* 46 & 12* 25 f 5 

22 t 12 15 f 1 1  

76 k 8* 33 f 5 

h h 

h h 

6 k 1 1  - 2 2 9  

h h 

Results are the means k standard error obtained with groups of 10-12 mice. Signs of strong neurotoxicity. ‘ Ref. 5. * Significant change 
( p  < 0.05 or better, Student’s f test). 

nitrile 19 + 20 (Found: C, 62.0; H, 4.65; N, 10.9; S, 6.3%). The 
spectroscopic data were identical with those of the (4: 1) mixture 
of their enantiomers 10 + 11. 

General Procedure for  the Synthesis of ( 4 : l )  Mixtures of 
(2S73R)- and(2R,3R)-N-Z-AH(Nps)lBA (12 + 13) and (2R73S)- 
and (2S,3S)-N-Z-AH(Nps)lBA (21 + 22) Methyl Esters.-The 
(4: 1) mixture of cyanohydrins 10 + 11 or 19 + 20 (3.01 g, 6 
mmol) was dissolved in a dry, cooled (0 “C), (3: 1) Et,O-MeOH 
mixture (70 cm3), previously saturated with HCI. This solution 
was stirred at below 5 “C for 24 h and was then treated with ice- 
water (15 cm3) while the temperature was kept below 10 “C, and 
the mixture was stirred and kept for 24-48 h until the 
disappearance of the imidate intermediate was detected by TLC 
[ ( 5 :  I )  CHC1,-MeOH]. The reaction mixture was con- 
centrated (10 cm3), and extracted with dichloromethane 
(3 x 50 cm3). The combined extracts were washed successively 
with water (30 cm3) and brine (30 cm3), dried over Na,SO,, and 
evaporated. The residue was purified by flash chromatography 
with (3 : l )  hexane-ethyl acetate mixtures as eluents, to give 
the corresponding (4 : l )  mixtures of methyl esters of N-Z- 
AH(Nps)IBA as foams (80%). 

(4: 1) Mixture df’ (2S73R)- and (2R73R)-N-Z-AH(Nps)lBA 
Methjd Esters 12 + 13 (Found: C, 60.7; H, 4.8; N, 7.9; S, 6.2. 
C,,H,,N,O,S requires C, 60.6; H, 4.7; N, 7.85; S, 6.0%); hH 
[300 MHz; (CD3),CO] 2.98 (1 H, m, CH,-Indol), 3.12 (1 H, m, 
CH,-Indol), 3.44 C0.6 H, s, Me (13)], 3.47 [2.4 H, s, Me (12)], 

(13)], 4.14 (1  H, m, 3-H), 4.8 (2 H, s, CH,Z), 5.42 (0.8 H, d, J 
8, O H  (12)], 5.85 C0.2 H, d, J 8, O H  (13)], 6.87 [0.2 H, d, J 9, 

6”-H (Nps)], 7.07 [ l  H, m, 6’-H (Indol)], 7.1 1 [ l  H, m, 5’-H 
(Indol)], 7.20-7.40 [7 H, m, Ph, 7’-H (Indol), 4”-H(Nps)], 7.51 
[ t  H, m, 5”-H (Nps)], 7.64 [ l  H, d, J 8, 4’-H (Indol)], 10.56 
C0.8 H, br s, NH (Indol) (12)] and 10.66 [0.2 H, br s, NH (Indol) 

(4: 1 )  A4i.utur.c. of (2R,3S)-  id (2S73S)-N-Z-AH(Nps)lBA 
Mrthj-I Esters 21 + 22 (Found: C ,  60.75; H, 4.7; N, 7.7; S, 6.13,). 
The spectroscopic data were identical with those of the (4: 1 )  
mixture of their enantiomers 12 + 13. 

4.02 [0.8 H, dd, J2.3 3, 2-H (12)], 4.10 C0.2 H, dd, J 2 . 3  1, 2-H 

NHZ (13)], 6.99 C0.8 H, d, J 9 ,  NH-Z (12)], 6.68 [l H, d, J 8, 

( 1 3 ) ~  

General Procedure fo r  the Synthesis c!f (4: 1 )  Mixture of 
(2S73R)- and (2R,3R)-N-Z-AH(Nps)lBA 14 + 15 and (2R,3S)- 
and (2S,3S)-N-Z-AH(Nps)lBA 23 + 24.-The (4: 1) mixture of 
methyl esters 12 + 13 or 21 + 22 (2.14 g, 4 mmol) was added to 
a solution of NaOH (0.19 g, 4.8 mmol) in (1  : 1) dioxane-water 
(120 cm3). After being stirred for 2 h at room temperature the 
reaction mixture was concentrated (25 cm3), washed with 
dichloromethane (3 x 25 cm3), and the aq. phase was acidified 
to pH 3 4 with Dowex 50W-X4 resin. The resin was filtered off 
and washed with dichloromethane (20 cm3). The aq. phase was 
extracted with dichloromethane (3 x 50 cm3), and the 
combined organic phases were dried over Na2S0, and 
evaporated to dryness, to give (quantitatively) the corres- 
ponding (4: 1 )  mixture of N-Z-AH(Nps)IBA 14 + 15 or  23 + 
24. 

(4: 1) Mixture of (2S,3R)- and (2R,3R)-N-Z-AH(Nps)IBA 
14 + 15 (Found: C, 59.6; H, 4.7; N, 7.8; S, 5.95. C2,H2,N,O7S 
requires C, 59.9; H, 4.4; N, 8.1; S, 6.1%); 6, [300 MHz; 
(CD,),CO] 2.97 ( I  H, m, CH2-Indol), 3.30 ( 1  H, m, CH,-Indol) 
3.92 C0.8 H, d, J 2 . 3  3,2-H (14)],4.04 [l  H, m, J2.3 1.5, 2-H (15)], 
4.21 (1 H, m, 3-H), 4.78 C0.4 H. s, CH,Z (15)], 4.89 C1.6 H, s, 
CH,Z (14)], 6.70 [ l  H, d, J 8, 6”-H (Nps)], 6.9C7.50 [ lo  H, m, 
Ph, 5‘-, 6’- and 7’-H (Indol), 4”- and 5”-H (Nps)], 7.79 [ l  H, m, 
4’-H (Indol)] and 8.27 [l 14, dd, J 1 and 8, 3”-H (Nps)]. 

(4: 1 )  Mi.xtut-e of (2R,3S)- and (2S,3S)-N-Z-AH(NpLs)lBA 
23 + 24 (Found: C, 59.8; H, 4.6; N, 7.9; S, 6.9%). The 
spectroscopic data were identical with those of the (4: I )  mixture 
of their enantiomers 14 + 15. 

(4 : 1) Mi.uturc. of (4R,5S)- und (4R,5R)-4-( [2-(o- Nitroiplienj9f- 
t h io ) in dol- 3 -~91] me t t i j )  I - 2- o.uoosrt_cilidine- 5 - cw+osjilic. A cids 1 6 
+ 17.--The (4: 1 )  mixture of methyl esters 12 + 13 (0.54 g, I 
mmol) was added to a solution of NaOH (0.08 g, 2 mmol) in 
MeOH (20 cm3). After being stirred at room temperature for 2 h 
the reaction mixture was evaporated to dryness. The residue 
was taken up in water (20 cm’), washed with dichloromethane 
(2 x 20 cm’). and acidified to pH 3 4  with Dowex 50W-X4 
resin. The resin was filtered off and washed with ethyl acetate 
(20 cm‘)). The aq. phase was extracted with ethyl acetate (2 x 30 
cm‘)), and the combined organic phases were dried over 
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Table 3 Analytical and spectroscopic data of N-Z-AH(Nps)IBA-containing dipeptides 2 5 3 2  

Relevant ‘H NMR data (6)‘ 
~~~ 

Found (%) (Required) AH(Nps)IBA Xaa-OR 

C H N S  2-H 3-H J2,3/Hz 4-H 6”-H(Nps) X-H NH OMe Compd. Yield ( Y o )  Formula 

26a 
25b 

26b 

2% 

26c 

27a 

28a 

28b 
27c 

28c 

3Oa 
29b 

3Ob 

29c 

3oc 

31a 

32a 

32b 
31c 

32c 

70 

60 

15 

62 

17 

59 

16 

76 

63 

17 

85 

75 

80 

90 

95 

99 

99 

99 

90 

89 

C42H44N,01 Os 

C42H44N50 1 Os 

C42H44N5010S 

C33H36N408S 

C33H36N408S 

C42H44N50 1 O s  

c42 H44N so 10’ 

C42H44N5010S 

C33H36N408S 

C33H36N408S 

c41 H42N50 10’ 

c4 1 H 4 2 N  5O 1 Os 

C41H42N5010S 

C32H34N408S 

c3 2H32N408S 

C41 H42N50 1 Os 

C41H42N5010S 

c4 1 H 4 2 N  5O 1 O s  

C32H34N408S 

C32H34N408S 

61.9 5.7 8.4 
(62.2) (5.4) (8.6) 
61.9 5.7 8.6 

(62.2) (5.4) (8.6) 
62.5 5.8 8.5 

(62.2) (5.4) (8.6) 
61.4 5.8 8.8 

(61.1) (5.6) (8.6) 
60.95 5.4 8.35 

(61.1) (5.6) (8.6) 
61.9 5.6 8.6 

(62.2) (5.4) (8.6) 
61.85 5.6 8.5 

(62.2) (5.4) (8.6) 

3.6 
(3.95) 
4.2 

(3.95) 
4.3 

(3.95) 
4.9 

(4.9) 
4.9 

(4.9) 
3.9 

(3.95) 
4.3 

(3.95) 

61.9 5.6 8.5 4.2 
(62.2) (5.4) (8.6) (3.95) 
61.3 5.9 8.4 5.05 

(61.1) (5.6) (8.6) (4.9) 
61.3 5.9 8.9 5.1 

(61.1) (5.6) (8.6) (4.9) 

61.7 5.5 8.45 3.9 
(61.8) (5.3) (8.8) (4.0) 
61.6 5.4 8.8 4.4 

(61.8) (5.3) (8.8) (4.0) 
61.9 5.6 8.4 4.15 

(61.8) (5.3) (8.8) (4.0) 
54.5 5.6 9.6 4.85 

(54.8) (5.3) (10.0) (5.0) 
54.6 5.4 9.7 4.8 

(54.8) (5.3) (10.0) (5.0) 
61.6 5.4 8.5 4.4 

(61.8) (5.3) (8.8) (4.0) 
61.8 5.2 8.6 4.3 

(61.8) (5.3) (8.8) (4.0) 

61.8 5.1 8.4 4.4 
(61.8) (5.3) (8.8) (4.0) 
55.1 5.0 9.9 4.6 

(54.8) (5.3) (10.0) (5.0) 
55.1 5.0 10.0 4.6 

(54.8) (5.3) (10.0) (5.0) 

3.94 4.25 3 
4.07 4.25 3 
3.96 4.15 3 

4.21 4.42 3 

3.94 4.15 3 

4.03 4.32 3 

3.96 4.15 3 

4.21 4.42 3 

3.94 4.25 3 
4.07 4.25 3 
3.96 4.12 4 

4.03 4.32 3 

3.94 4.25 2 
4.07 4.15 1 
3.98 4.15 2 

4.07 4.26 1 

3.94 4.16 1 

4.07 4.20 2 

3.98 4.15 2 

4.07 4.26 1 

3.94 4.15 2 
4.07 4.15 1 
3.95 4.10 2 

4.08 4.33 2 

2.94 6.7 1 
2.94, 3.13 6.66 
2.92, 3.1 2 6.72 

3.01, 3.10 6.90 

2.91, 3.12 6.74 

2.91, 3.15 6.68 

2.92, 3. I2 6.72 

3.01, 3.10 6.90 

2.94 6.7 1 
2.94, 3. I3 6.66 
3.00 6.74 

2.80, 2.95 6.63 

2.75, 3.08 6.67 
2.75, 3.08 6.67 
2.90, 3.15 6.74 

2.88 6.73 

2.9tk3.10 6.72 

2.90, 3.10 6.73 

2.90, 3.15 6.74 

2.88 6.73 

2.75, 3.08 6.67 
2.75,3.08 6.67 
2.9G3.20 6.72 

2.75, 2.98 6.62 

4.25 8.03 3.57 
4.25 7.99 3.53 
4.1 5 8.12 3.55 

4.42. 8.15 3.75 

4.35 8.01 3.57 

4.32 8.05 3.60 

4.15 8.12 3.55 

4.41 8.15 3.75 

4.15 8.03 3.57 
4.25 7.99 3.53 
4.14 8.14 3.53 

4.32 8.04 3.61 

4.15 7.76 
4.15 7.76 
4.15 7.92 

4.26 7.77 

4.30 7.80 

4.32 7.80 

4.15 7.02 

4.26 7.77 

4.15 7.76 
4.15 7.76 
4.20 7.82 

4.33 7.75 

In (CD,),SO 

Na2S04 and evaporated to give the (4: 1) mixture 16 + 17 as a 
foam (goo/,). This mixture could not be separated (Found: C, 
54.9; H, 3.4; N, 10.0; S, 7.8. CI9Hl5N3O6S requires C, 55.2; H, 
3.6; N, 10.2; S, 7.75); 6, [300 MHz; (CD,),SO] 2.60 C0.2 H, m, 
CH,-Indol (17)], 3.02 C0.2 H, m, CH,-Indol (17)], 3.1 1 C1.6 H, 
m, CH,-Indol(16)],4.00 C0.8 H, m,4-H (16)],4.17 C0.2 H, m,4- 
H (17)], 4.47 C0.2 H, S, NH (17)], 4.61 C0.8 H, d, J4.5 4,5-H (16)], 
4.97 C0.8 H. S,  NH (16)], 5.16 C0.2 H, d, J 4 , 5  9,5-H (17)], 6.74 C0.2 
H, d, J 8,6”-H (NPs) (17)], 6.78 C0.8 H, d, J 8,6”-H (NPs) (16)], 
7.08 [1 H, m. 6’-H (Indol)], 7.21 [l H, m, 5’-H (Indol)], 7.44 [3 
H, m, 7’-H (Indol), 4”-H and 5”-H-(Nps)], 7.68 [ I  H, d, J9,4’-H 
(Indol) and 8.26 [ l  H, d, J 8, 3”-H (Nps)]. 

Gtwrnl Procrdure for the Synthesis of Protected AH( Nps)- 
IBA-cwntainlng Dipeptides 25a-28c.-To a solution of the (4: 1) 
mixture of tliroo- and erj3thro-N-Z-AH(Nps)IBA 14 + 15 or 
23 + 24 (1.3 mmol) and L-LYS, D-LYS, or L-Leu methyl ester 
hydrochlorides ( 1.6 mmol) in dry tetrahydrofuran (THF) ( I3 
cm3) at 0 C were added 1-hydroxybenzotriazole (1.6 mmol) 
and triethylamine ( I .3 mmol). After the mixture had been stirred 

at 0 “C for 30 min, a solution of DCC (1.3 mmol) in dry 
dichloromethane (20 cm3) was added, and the mixture was 
stirred at room temperature for 24 h. Solvents were removed 
under reduced pressure, and the residue was purified by flash 
chromatography with (2: 1) hexane-ethyl acetate mixtures as 
eluent. In this way the corresponding (4: 1) mixtures 25 + 26 or 
27 +28 were obtained which, except for mixtures 25a + 26a 
and 27b + 28b, were separated by repeated flash chromatogra- 
phy [(4: 1) hexane-ethyl acetate]. The analytical and more 
significant spectroscopic data of the protected dipeptides 25-28 
are summarized in Table 3. 

General Procedure .for Saponijication of‘ A H (  Nps)/BA- 
containing Dipeptides. Sjwthesis of’ compounds 29-32.-The 
methyl ester of the corresponding AH(Nps)IBA-containing 
dipeptide, ester 25-28 (0.75 mmol), was added to a solution of 
NaOH (0.033 g, 0.83 mmol) in (1 : 1) dioxaneewater (25 cm3). 
After being stirred for 3 h at room temperature the reaction 
mixture was concentrated (10 cm3), then was washed with 
dichloromethane (3 x 10 cm3), and the aq. phase was acidified 
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Table 4 Analytical and spectroscopic data  of AH(Nps)IBA-containing dipeptides 33 36 

Relevant ' H  NMR datd (h)" 

Found (%) (Required) AH( N p ) I B A  Xaa 

Compd. Yield (Yo) Formula C H N S 2-H 3-H 4-H 6"-H (Nps) .*-H 

34a 
33b 

34b 

33c 

34c 

35a 

36a 

36b 
3% 

36c 

74 

76 

82 

50 

52 

45 

46 

70 

73 

45 

C2 H ,, N ,06S.2H 0 

C H N 0 S.2H 0 

C25H30N50,S-2H20 

C2,H2,N406S.2H20 

C2,H 8 N,O, S-2H 0 

C 2  H N ,06S-2H 0 

2 5 30N 5 06S'2H 2 

53.0 
(53.2) 
53.4 

(53.2) 
53.6 

(53.2) 
53.9 

(53.7) 
53.5 

(53.7) 
53.5 

(53.2) 
53.0 

(53.2) 

53.6 
(53.2) 
53.3 

(53.7) 
53.2 

(53.7) 

12.5 
( 12.4) 
12.6 

( 12.4) 
12.5 

( 12.4) 
10.0 

( 10.4) 
10.0 

(1  0.4) 
12.7 

( 12.4) 
12.5 

( 12.4) 

12.7 
( 12.4) 
10.3 

( 10.4) 
9.95 

( 10.4) 

5.4 
(5.7) 
5.6 

(5.7) 
5.4 

(5.7) 
5.6 

(6.0) 
5.8 

(6.0) 
6.1 

(5.7) 
5.85 

(5.7) 

5.7 
(5.7) 
5.7 

(6.0) 
5.8 

(6.0) 

4.34 
4.04 
4.02 

4.33 

4.08 

4.30 

4.02 

4.33 

4.34 
4.04 
4.04 

4.33 

3.86 
3.58 
3.60 

3.58 

3.50 

3.52 

3.60 

3.58 

3.86 
3.58 
3.50 

3.85 

2.78 - 3 .OO 
3.10 3.22 
3.10 3.20 

3.05 

2.94, 3.22 

2.98 ~ 3.10 

3.1C3.20 

3.05 

2.78 -3.00 
3.10 3.22 
2.99, 3.18 

2.92, 2.98 

6.76 
6.74 
6.72 

6.73 

6.75 

6.74 

6.72 

6.73 

6.76 
6.74 
6.73 

6.67 

4.2 1 
4.2 1 
4.24 

4.16 

4.30 

4.32 

4.24 

4.16 

4.2 1 
4.21 
4.33 

4.3 I 

a In (CD,),SO. 

to pH 3 4  with Dowex 50W-X4 resin. The resin was filtered off 
and washed with ethyl acetate (10 cm3). The aq. phase was 
extracted with ethyl acetate (3 x 10 cm3), and the combined 
organic phases were dried over Na,SO, and evaporated to 
dryness, to give the corresponding dipeptide 29-32 as foams, 
whose analytical and spectroscopic data are listed in Table 3. 

General Procedure for the Removal of the Z Protecting Group 
in A H( Nps) IBA-containing Dipeptides. Synthesis of compounds 
3S36. TMSI (0.12 g, 0.6 mmol) was added to a solution of the 
corresponding N-Z-protected dipeptide 29-32 (0.5 mmol) in 
(2 : 1 )  acetone-methanol ( 1  5 cm3). After being stirred for 10 min 
at room temperature the reaction mixture was evaporated to 
dryness and the residue was purified by flash chromatography 
[(4: 1) CHC1,-MeOH], to obtain the deprotected dipeptides 
33-36, whose analytical and spectroscopic data are listed in 
Table 4. 

Biolog i c d  Met hods.--Ma t er ia Is. The fo 11 ow i ng co m me r ci a1 
compounds were used: bestatin 4, Tyr, Tyr-Gly-Gly, Lys-NA 
(NA = 2-naphthylamide), Leu-NA and Fast Garnet GBC 
(Sigma UK), Microsomal (AP-M, EC 3.4.1 1.2) porcine kidney 
leucine-aminopeptidase was purchased from Sigma (UK). 
Mouse L cells were grown in Dulbecco's modified Eagle's 
medium and loo/, foetal calf serum. L Cells' media and serum 
were supplied by Flow Labs (UK). Male ICR swiss albino mice 
weighing 20-25 g and male Wistar rats (250-300 g) were used. 
Animals had free access to water and food. Mice were housed in 
the behavioural room at least two days before testing, which 
was done at the same time of day for all animals. 

A P-M Asscij9s. This activity was determined by the described 
method." A solution of 2 mmol dmP3 L-Leu-NA (0.25 cm3) in 
0.1 mol dm-3 Tris-HC1 buffer (0.5 cm3) at pH 7.0 was added to 
distilled water with or without an inhibitor in a series of test 
tubes in a 37 ' C  bath. After 3 min the enzyme solution (0.05 
cm3) was added and the solutions were mixed well. Exactly 30 
min later the reaction was stopped by addition of a 1 mg cm-3 
solution of the stabilized diazonium salt Fast Garnet GBC ( 1  
cm3) in acetic acid buffer at pH 4.2, containing lo",, Tween 20. 

After storage for 15 min at room temperature, absorbancy was 
read at 525 nm. The reaction was also carried out without 
enzyme solution, and the result was taken as the control blank. 

AP-B Assaj9s. Cell surface-associated AP-B activities were 
determined following the Aoyagi method.I8 The incubation 
mixture consisted of 2 mmol dm-3 L-Lys-NA (0.25 cm3), Hank's 
balanced salt solution (0.65 cm3), and distilled water (0.1 cm3) 
with or without the inhibitor. After incubation (3 min; 37 -C) 
the mixture was added to monolayer cultures of mouse L cells 
( -  5 x lo5 cells), and the incubation was stopped after 30 min 
by addition of the stabilized diazonium salt Fast Garnet GBC 
( 1  cm3; 1 mg cm-,) in 1 mol dmP3 acetic acid buffer at pH 4.2, 
containing lo",,, Tween 20. The mixture was left at room 
temperature for 15 min, then was centrifuged, and its 
absorbance was measured at 525 nm. 

Antinociceptive actitiitj-. Antinociception was evaluated in 
mice by means of the tail-flick test,'" by immersing the tail into 
water at 52 C, using a cut-off time of 10 s. The observer was 
'blind' to the compound injected. Results were expressed as 
percentage change in reaction time c's. predrug score (1.9-2.5 s). 
A group of mice injected with saline was also tested in parallel. 
Saline administration had no effect on the tail-flick latency at 
any time postinjection. 

Acknowledgements 
The present work was supported by Comision Interministerial 
de Ciencia y Tecnologia (Plan Nacional Project F A R  880- 
0298). We thank Mr. Francisco Caballero's help in typing this 
manuscript. 

References 
1 R.  Herranz. S. Vinuesa, C .  Pt'rez, M. T. Garcia-Lopez, E. Lopez. 

M. L. De Ceballos and J. Dei Rio.  J .  Mcd. C'hcw?.. in the press. 
2 M. T. Garcia-Lbpez, R. Hcrra::L, R. Gonzalez-Muiiiz, J. R. Naranjo, 

M. L. De Ceballos and J. Del Rio, P ~ ~ p t i t k s .  1986, 7. 39. 
3 ( N )  M. T. Garcia-Lopez, R. Gonzilez-Muriiz. M. T. Molinero. J. R. 

Naranjo and J. Del Rio, J .  Mcd. <'/ztwz., 1987, 30. 1658; ( h )  M. T. 
Garcia-Lopez, R.  Gonzdez-Muiiiz. M. T. Molinero and J. Del Rio. 
.4ncr/. Quim. C, 1988. 84, 3 12. 



J .  C'HEM. so('. P E R K I N  TRANS. 1 1991 2755 

M. T. Garcia Lopez, R. Gonzalez-Muiiiz, R. Herranz, M. T. 
Molinero and J. Del Rio, Int. J .  Peptide Protein Rex, 1987,29,613. 
M. T. Garcia-Lopez, R. Gonzalez-Muiiiz, M. T. Molinero and J. Del 
Rio, J .  Mcrl. Chem., 1988, 31, 295. 
( ( I )  H. Umezawa, T. Aoyagi, H. Suda, M. Hamada and T. Takeuchi, 
J .  Antihiot., 1976, 29, 97; ( h )  T. D. Ocain and D. H. Rich, J .  Med. 
Clic~m., 1988, 31, 2193; ( c )  E. M. Gordon, J. D. Godfrey, N. G. 
Delaney, M. M. Asaad, D. Von Langen and D. W. Cushman, J.  Med. 
Cl7c.m.. 1988, 31, 2199; ( d )  S. L. Harbeson and D. H. Rich, 
Biochemistr!; 1988, 27, 7301. 
J. C. Schwartz, TINS, 1983, 45; P. Chaillet, H. Marqais-Collado, J. 
Costentin. C. Yi, S. De la Baume and J. C. Schwartz, Eur. J .  
Phurniuc,oI., 1983, 86, 329. 
B. Giros. C. Gros, B. Solhonne and J. C. Schwartz, Mol. Pharmacof., 
1986. 29. 281; B. Solhonne, C. Gros, H. Pollard and J. C. Schwartz, 
Neuroscience, 1987,22,225; M. C. Fournie-Zaluski, Neurochem. Int., 
1988, 12. 375. 
Small Molrv,ular Immunomod$ers qf Microbial Origin. Fundamental 
and Clinicd Studies qfBestatin, ed. H. Umezawa, Pergamon, Oxford, 
1981. 
R. Herranz. J. Castro-Pichel, S. Vinuesa and M. T. Garcia-Lopez, J .  
Org. C'hc~m., 1990,55, 2232. 

11  D. H. Coy, S. J. Hocart and Y. Sasaki, Tetrahedron. 1988,44, 835. 
12 J. A. Fehrentz and B. Castro, Sjwthesis, 1983, 676. 
13 ( a )  A. Fontana, F. Marchiori, L. Moroder and E. Scoffone, 

Tetrahedron Lett., 1966,26,2985; ( b )  E. Scoffone, A. Fontana and R. 
Rocchi, Biochemistry, 1968, 7, 97 1. 

14 L. Moroder and E. Wunsch in Progress in Tryptophan und 
Serotonin Research, ed. H. G .  Schlossberger, W. Kochen, R. Linzen 
and H. Steinhart, Walter de Gruyter, Berlin, 1984, p. 845. 

15 H. Suda. T. Takita, T. Aoyagi and H. Umezawa, J .  An~ihiot., 1976,29, 
loo. 

16 G. Barany and R. B. Merrifield in The Peptidrs. A n u I ~ ~ s i . ~ ~  S-ynthesis, 
Biology, ed. E. Gross and J.  Meienhofer, Academic Press, New York, 
1980, vol. 2, p. 1. 

17 A. Ito, R. Takahashi and Y. Baba, t h e m .  Pharm. Bull., 1975,23,3081. 
18 T. Aoyagi, H. Suda, M. Nagai, K. Ogawa, J. Suzuki, T. Takeuchi and 

19 M. W. Nott, Eur. J .  Pharmacol., 1968,5, 93. 
H. Umezawa, Biochim. Biophys. Acta, 1976,452, I3 1 .  

Priper 1102729H 
Receivd 7th  June 1991 
Acceptcd 8th July 1991 


