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1,2-benzisoxazole hydrochloride, 95742-19-1; 4-fluoro-3-(4-
piperidinyl)-l,2-benzisoxazole, 95742-20-4; l-(3-chloropropyl)-
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1885-14-9. 

Synthesis and Pharmacological Activity of Partially Modified Retro-Inverso 
Dermorphin Tetrapeptides* 

Severo Salvadori,* Mauro Marastoni,* Gianfranco Balboni,1 Gian Pietro Sarto,§ and Roberto Tomatis*1 

Institute of Pharmaceutical Chemistry and Institute of Pharmacology, University of Ferrara, 44100 Ferrara, Italy. 
Received April 23, 1984 

We studied the effect of partial retro-inverso modification of selected peptide bonds of N-terminal tetrapeptide 
analogues of dermorphin (H-Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-NH2). Among the 14 compounds synthesized and tested 
for opioid activity, some tetrapeptides have the C-terminus carrying different amide moieties; retromodifications 
concern the Phe-Gly bond (Ia-f) and/or the C-terminal carboxamide function (Illa-d, Ila-d). All pseudotetrapeptide 
derivatives showed opioid activity in vitro and in vivo. The most potent compounds (II) have a biological potency 
comparable with that of the original tetrapeptides in the guinea pig ileum preparation and in the mouse tail-flick 
test after intracerebral or subcutaneous administration. 

Dermorphins are opioid heptapeptides isolated from the 
skin of some South American frogs.1 Their sequences were 
established to be the following:2,3 

H-Tyr -D-A la-Phe-Gly-Tyr -Pro-Ser -NH 2 (D) 
H Hyp NH2 (HD) 

Synthetic dermorphins, identical with the natural peptides 
have been prepared by various methods, using solution4 

or solid-phase5 techniques. Opioid peptides D and HD 
possess peripheral and central activity: morphine-like 
effects in rats,6 mice4b'5,7 cell-line preparations,8 and man9 

have been reported. Our earlier investigation on D ana
logues concerned the synthesis and study of s t ruc ture-
activity relationships10 of 60 "small dermorphins" and the 
synthesis of tetrapeptides (H-Tyr-D-Ala-Phe-Gly-NH-Y), 
which are very potent analgesics after intracerebroven-
tricular (icv) injection but not following subcutaneous (sc) 
administration.11 

This drawback may result from unfavorable pharma
cokinetic or transport parameters and /or low stability in 
plasma; cleavage of Phe-Gly and Gly-Tyr bonds was 
postulated to be the main biodegradation pathway of D.12 

We undertook the synthesis of new D tetrapeptide 
analogues in which one or more amide bonds are reversed, 
in the expectation tha t these partially modified retro-in-

f Abbreviations according to the IUPAC-IUB Commission, 
Biochemistry, 1972, 11, 1726-1732, and Specialist Periodical 
Reports, "Amino Acids, Peptides and Proteins", The Chemical 
Society, London, 1980, Vol. 11, are used throughout. The following 
special abbreviations for the partially modified retro-inverso 
peptides are used: the standard three-letter notation for amino 
acid residues preceded by prefix g represents the gem-diaminoalkyl 
residue derived from the specified amino acid. The prefix m 
represents the malonic acid residue derived from the amino acid 
specified by the three-letter notation. Configurational designation 
of the retro-inverso residues follows those of the amino acids. 

' Institute of Pharmaceutical Chemistry. 
8 Institute of Pharmacology. 

Scheme I. Synthesis of PMRI Analogues Ia-1 
CH2Ph 

Z - D - A l a - P h t - N r f e . ^ j L Z-D-Ala-NH-CH-NHZ .HCI C I C 0 C
T

H 2 C O O E ? 
2.HCI i tA 

i 
CH2Ph 
I H2/Pd-C 

Z-D-Ala-NH-CH-NH-COCH2-COOEt -

2 

H-D-Ala-gPhe-mGly-OEt B ° c - T l , r ' o s " 

Boc-Tyr-D-Ala-gPhe-mGly-OEt ^ 2 - H-Tyr-D-Ala-gPhe-mGly-OEt-TFA 
3 ( I f ) 

I NaOH 

Boc-Tyr-D-AlQ-gPhe-mGly-OH ^ - H-Tyr-D-Ala-gPhe-mGly-OH'TFA 

4 Ie 

DCC 
HOBt H2NR 

Boc-Tyr-D-Ala-gPhe-mGly-NH-R — - H-Tyr-D-Ala-gPhe-mGly-NH-R-TFA 

5 Ia-d 

R-H(a),Bzl(b),CH(CH3)C6H5(c). orAd(d) 

Scheme II. Synthesis of PMRI Analogues Ila-d 
I, TIB XCOR 

Z-Phe-Gly-NH2 y ^ j T Z-Phe-NH-CH2-NHg-HCI - ^ j -
6 

Hj/Pd-C Boc-Tyr-D-Ala-OH (8) 

Z-Phe-NH-CH2-NH-COR H-Phe-gGly-COR D C C / H 0 B , 

7 

TFA 

Boc-Tyr-D-Ala-Phe-gGly-COR — - H-Tyr-D-Ala-Phe-gGly-COR 

9 I I a-d 

X-0C0CH3, OSu;orOCOOEt; R-H(a), BzKbJ.CHtCHsJCgHs (c),or Ad(d) 

verso (PMRI)1 3 isomers would exhibit enhanced stability 
toward enzymic degradation. Furthermore, the new 
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H 2 /Pd -C 

Scheme III. Synthesis of PMRI Analogues Illa-d 
CH2Ph 

-, ^ . , K,U 1 , .,u ,„~, H0C0CH2NH-C0R 110) 
Z - D - A I Q - N H - C H - N H 2 - H C I D C C / H 0 B , . T E A -

1 

CH2Ph 

Z-D-Ala-NH-CH-NH-C0-CH2-NH-C0R 

11 
Boc-Tyr-OSu TFA 

H-D-Ala-gPhe-Gly-COR Boc-Tyr-D-Ala-gPhe-Gly-COR — -

12 

H-Tyr-D-Ala-gPhe-Gly-COR 
Illa-d 

R-H(a), Bzl(b), CH(CH3)C6H5(c), or adamantyl (d) 

pseudotetrapeptides have the carboxy termini carrying 
different amide moieties. 

A number of partially retro-inverso peptide hormones 
has been recently investigated.14 Figure 1 shows the 
analogues and their structural relationships to the parent 
dermorphin tetrapeptides (DTs): the Phe-Gly bond, 
considered the most susceptible to proteolityc cleavage, 
is reversed in Ia-d; the terminal carboxamide function is 
reversed in I la -d ; and both amide bonds are reversed in 
I l la -d . A retro-inverso isomer carrying a terminal free 
carboxyl group (Ie) and its ethyl ester (If) were also ob
tained (see Scheme I). 

Resul ts 
Chemistry. Schemes I—III outline the preparation of 

[gPhe,mGly]DTs (Ia-f), [gGly]DTs (I la-d) , and [gPhe,-
Gly]DTs (I l la-d) . The gem-diaminoalkyl moieties of 

C 6 H 4 - O H 

DTS ( a - d ) 

C 6 H 4 - O H 

( g P h e , m G l y ) D T s I ( a - d ) 

C 6 H 4 - O H 

U H H 
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( g G l y ) D T s I l ( a - d ) 

C 6 H 4 - O H 

H C H 3 
H H 

( g P h e . G l y ) DTS I I I ( a - d ) 

Y = H (a ) ; B z l ( b ) ; CH (CH3 ) C 6 H 5 ( c ) ; Ad (d) 

Figure 1. Structures of parent dermorphin tetrapeptides (DTs) 
and PMRI analogues [gPhe,mGly]DTs (Ia-d), [gGly]DTs (Ila-d), 
and [gPhe,Siy]DTs (Illa-d). 

compounds 1 and 6 were obtained by treating the appro
priate benzyloxycarbonyl dipeptide amide with bis(tri-
fluoroacetoxy)iodobenzene (TIB)15 under conditions known 
to proceed without racemization.15b Coupling with the 
malonyl ester chloride (Scheme I), an acyl chloride 
(Scheme II), or acylglycine (Scheme III) resulted in the 
protected PMRI pseudopeptide units 2, 7, or 11. Depro-

(15) (a) Radhakrishna, A. S.; Parham, M. E.; Riggs, R. M.; Loudon, 
G. M. J. Org. Chem. 1979, 44, 1746. (b) Pallay, P. V.; Good
man, M. J. Chem. Soc, Chem. Commun. 1982, 280. (c) Pezzi, 
A.; Pinori, M.; Verdini, A. S.; Viscomi, G. C. Farmaco, Ed. Sci. 
1983, 38, 360 and references cited therein. 
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Table I. Physicochemical Properties of PMRI Analogues of DTs 
no. 

la 
lb 
Ic 
Id 
le 
If 

Ha 
lib 
lie 
lid 

Ilia 
Illb 
IIIc 
Hid 

R 

NH2 
NH-CH2C6H6 
D-NHCH(CH3)C6H6 
NH-Ad 
OH 
OEt 

COH 
COCH2C6H5 
D-C0CH(CH3)CeH5 
CO-Ad 

COH 
COCH2C6H5 

D-COCH(CH3)C6HB 
CO-Ad 

mp, °C 
H-Tyr-r 

213-215 
130-132 
176-178 
122-124 
164-166 
148-150 

H-Tyr-
131-133 
129-131 
138-140 
135-138 

H-Tyr-
130-132 
152-154 
135-137 
158-160 

H2 4D Rf 
)-Ala-gPhe-mGly-R 

+27.8" 
+19.61' 
+74. lc 

+27.5" 
+77.76 

+52.6C 

0.52 
0.55 
0.59 
0.75 
0.46 
0.53 

D-Ala-Phe-gGly-R 
+40.6C 

+31.9" 
+9.3d 

+16.5'' 

D-Ala-gPhe 
+63.9d 

+•26.9* 
+37.8d 

+49.6*1 

0.53 
0.56 
0.60 
0.74 

-Gly-R 
0.53 
0.57 
0.59 
0.73 

formula 

C23H29N506-C2H402 
C3oH35N505-C2H402 
C3iH37N606.C2HF302 
C33H43N605'C2HF302 
C23H28N406 
C25H32N406"C2H402 

C23H29N505'C2H402 
C3oH35N606'C2H402 
C3iH37N606-C2H402 
C33H43N506'C2HF302 

C23H29NB05-C2HF302 
C3oH35N506"C2H402 

C3iH37N506-C2H402 
C33H43N605-C2HF302 

anal. 

C, H, N 
C, H, N 
N 
C, H,N 
C,H, N 
N 

C, H, N 
N 
C, H, N 
N 

N 
C, H, N 
N 
C, H, N 

3Thin-layer chromatography on silica gel: solvent system (B). bc 0.5 in acetic acid. cc 1.0 in acetic acid. dc 1.0 in methanol. 

tection, followed by coupling with the appropriate N-ter-
minal fragment yielded the fully protected, partially 
modified retro-inverso analogues 3, 9, and 12. Hydrolysis 
of ester 3 and further derivatization via DCC/HOBt gave 
PMRI amides 5. Treatment of compounds 3, 5,9, and 12 
with trifluoroacetic acid gave the desired analogues (Figure 
1 and Schemes I—III). 

Final purification was accomplished by partition chro
matography with solvent system A on Sephadex G-25. The 
purity of I—III was ascessed by TLC, HPLC, amino acid 
analysis, and elemental microchemical analysis (see Table 
I and the Experimental Section). 

Biological Activity. The PMRI DT analogues were 
tested in vitro by the electrically stimulated guinea pig 
ileum (GPI) preparation16 and in vivo by the mouse tail-
flick17 assay after intracerebroventricular (icv) and sub
cutaneous (sc) administration. The pharmacological re
sults of 14 new DT analogues were reported in Table II, 
in comparison with morphine, dermorphin, and the parent 
peptides (DTs).10a In the GPI test the potency of com
pounds Ia-f is one-third to one-fifth that of the closest 
related analogues with a nonmodified backbone DTa-f. 
Pseudopeptides Ila-d are more potent than the corre
sponding parent tetrapeptides DTa-d: lid, the most active 
compound of the series, is 200 and 5 times more potent 
than morphine or dermorphin, respectively. On the other 
hand, the PMRI analogues Illa-d, containing both retro-
inversions, showed only 10% potency with respect to the 
original tetrapeptides. 

The activity of all compounds was completely reversed 
by the spcific opiate-receptor antagonist, naloxone hy
drochloride, at 2.5 nM concentration. In the tail-flick test, 
after icv administration, the influence of retro-inverso 
modification on DTs generally matches the results of in 
vitro assay: whereas retro-inverso isomers Ia-d and Illa-d 
displayed comparatively low antinociceptive effects, ana
logues Ila-d containing a retro-inversion of the terminal 
carboxamide function showed potent analgesic activity 
(even if slightly lower than original DTa-d). 

In contrast with icv results, all pseudopeptides displayed 
rather low activity after sc administration: prototype lid 
was weaker than its parent DTs, as well as weaker than 
morphine or dermorphin. The analgesic activity of all 

(16) Kosterlitz, H. W.; Watt, A. J. Br. J. Pharmacol. Chemother. 
1968, 33, 266. 

(17) Janssen, P. A.; Memegeers, C. J.; Dony, J. D. Arzneim.-Forsch. 
1963, 13, 502. 

investigated peptides was abolished by sc administration 
of naloxone hydrochloride (0.5-1 mg/kg, 5 min prior to the 
testing procedure). 

Discussion 
Generally, the retro-inverso modification of peptide 

bond(s) results in different folded conformations for the 
parent peptide and its PMRI analogues.14b'18 Therefore, 
the data presented here indicate that the majority of 
pseudotetrapeptides retains conformational requirements 
for opioid activity; the reversal of the original Phe-Gly 
and/or terminal carboxamide bonds is, in fact, tolerated 
in the GPI assay. Furthermore, all the PMRI isomers 
tested show dose-related naloxone-reversible analgesic 
efficacy in vivo. Thus, it is apparent that the structures 
of parent peptides and their pseudopeptide analogues I—III 
share topochemical and, at least in part, spatial resem
blance. The closest structural complementarity of both 
the side chains and end groups appears to pertain to the 
most active compounds Ila-d, modified at the terminal 
carboxamide bond. In the less active analogues Ia-f 
and/ or Illa-d, on the contrary, the reversal of Phe-Gly 
peptide bond may perturb important interactions (i.e., 
hydrogen bonds) with the receptors or within the molecule. 
In this respect, it is interesting to point out that in DTs 
the substitution of CH2 for NH at the Phe-Gly bond 
causes substantial reduction of biological activity.19 

The analgesia subsequent to systemic administration of 
PMRI analogues deserves separate consideration. Fol
lowing sc injection, analgesia from Ilb-d was similar in 
duration (fy2 in the range of 45-65 min) and potency to 
that observed for the parent DTs but relatively weaker 
than expected. None of these PMRI analogues, after sc 
administration, is as active as the potency by the icv route 
would suggest. A difference in the metabolic stability 
cannot fully explain the difference: th ; presence of D-Ala2 

and the modification of labile linkages in DTs might, in 
fact, protect them from enzymatic cleavage.20 Thus, low 
analgesic potency after sc injection can be due to inadeg-
uate CNS permeation, but other factors (diffusion from 
subcutaneous sites, entry into blood, and binding to plasma 
proteins) may be more important than metabolic stability. 

(18) (a) Ribeiro, A.; Chorev, M; Goodman, M. Biopolymers 1983, 
22,1869. (b) Pallai, P.; Struthers, S.; Goodman, M.; Rivier, J.; 
Vale, W. Biopolymers 1983, 22, 2523. 

(19) Marastoni, M.; Balboni, G.; Salvadori, S.; Sarto, G. P.; Toma-
tis, R. Arzneim.-Forsch./Drug. Res., in press. 
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These findings fit the results obtained by other investi
gators on opioid peptides.21 

More work on the new compounds synthesized will be 
published elsewhere. 

Experimental Sect ion 
Melting points were determined on a Tottoli apparatus in open 

capillaries and are uncorrected. Optical rotations were determined 
with a Perkin-Elmer 141 polarimeter with a 10-cm water-jacketed 
cell. HPLC analysis was performed on a Jasco liquid chroma-
tograph equipped with a Varichrom UV variable-wavelength 
detector and an M660 solvent programmer. A Waters C-18 M-
Bondapak column (30 cm X 4 mm) was used in the HPLC system. 
All organic solvents were UV spectroscopic grade and were filtered 
and degassed prior to use. Analytical determination for each 
deprotected pseudopeptide was obtained by running a linear, 
30-min gradient from 10% acetonitrile-90% 0.01 M ammonium 
formate, pH 4.0, to 60% acetonitrile-30% 0.01 M ammonium 
formate at a flow rate of 2 mL/min. The desired pseudopeptides 
eluted in the range of 20-30% acetonitrile. All DT analogues 
demonstrated impurities of less than 1% by analytical HPLC with 
UV monitoring at 210 and 280 nm. The amino acid composition 
was determined with a Carlo Erba 3A29 amino acid analyzer after 
acid hydrolysis in constant-boiling HC1 containing phenol (1%). 
Acid hydrolysis of a gem-diamine moiety yields 2 mol of ammonia; 
a malonyl residue is not detectable by amino acid analysis. TLC 
was performed on precoated plates of silica gel F254 (from E. 
Merck) with use of the following solvent systems: (A) 1-buta-
nol/AcOH/H20 (6:1:5), (B) EtOAc/pyridine/AcOH/H20 
(60:20:6:11), (C) CHCl3/MeOH/benzene (85:10:5), (D) CHC13/ 
MeOH (1:1), (E) CHCl3/AcOH/benzene (85:10:5), (F) EtOAc/ 
MeOH (1:1), (G) CHCl3/MeOH/H20 (80:20:2). Ninhydrin 1% 
(Merck), fluorescamine (Hoffman-La Roche), and/or chlorine 
reagent were used as spray reagents. Samples were considered 
pure when they showed single spots with more than one solvent 
systems. Elemental analyses indicated by the symbols of the 
elements refer to data within ±0.4% of the theoretical values. 
Analyses were carried out after drying the products for 12 h at 
50 °C (0.2 torr). Column chromatography was used (when nec
essary) for preparative purification of crude products. Open 
column chromatography was run on silica gel 60 (70-230 mesh, 
Merck). 

Coupling Procedures. Method A. To a stirred solution 
(0.5-0.8 M) of Boc-protected amino acid or Boc-protected peptide 
(1 mmol) in DMF, 1 equiv of TV-methylmorpholine (NMM) was 
added; the mixture was cooled to -10 CC, treated with isobutyl 
chloroformate (IBCF) (1 equiv), and allowed to react for 2-3 min. 
A precooled solution of amino component hydrochloride or tri-
fluoroacetate (1.1 mmol) in DMF (0.4-0.6 M) was added to the 
mixture, followed by NMM (1.1 equiv). The reaction mixture 
was stirred for 1 h at -10 °C and 2-3 h at 0-10 °C and then diluted 
with EtOAc (100 mL). The solution or suspension was washed 
consecutively with brine, 0.5 N KHS04, brine, 5% NaHC03, and 
brine. The organic phase was dried (MgS04), filtered and 
evaporated to dryness. The residue was crystallized from ap
propriate solvents or further purified by column chromatography. 

Method B. To a solution of the carboxy component (2 mmol) 
in DMF (10 mL) were added the amino component (2 mmol), 
NMR (2 mmol, only when the amino component was in the 
protonated form), 1-hydroxybenzotirazole (HOBt) (2 equiv), and 
DCC (2.1 mmol) in the above order at 0 °C. The reaction mixture 

(20) (a) Marks, N. Front. Neuroendocrinal. 1978, 5, 329. (b) Spa-
tola, A. F.; Agurwal, N. S.; Bettag, A. L.; Yankeel, J. A.; Bow
ers, C. Y.; Vole, W. W. Biochem. Biophys. Res. Commun. 1980, 
97, 1014. (c) Chorev, M.; Shavitz, R.; Goodman, M.; Minick, 
S.; Guillemin, R. Science 1979, 204, 1210. (d) Pallai, P. V.; 
Richman, S.; Struthers, R. S.; Goodman, M. Int. J. Pept. 
Protein Res. 1983, 21, 84. 

(21) (a) Bajusz, S.; Patthy, A.; Keneasey, A.; Graf, L.; Szekely, J.; 
Ronai, A. Z. Biochem. Biophys. Res. Commun. 1978, 84, 1045. 
(b) Morley, J. S. Ann. Rev. Pharmacol. Toxicol. 1980, 20, 81 
and references cited therein, (c) Mazur, R. H.; Hallinan, E. A.; 
Hansen, D. W.; Jones, D. A.; Philpanskes, D. R.; Schlatter, J. 
M.; Tyner, D. A. Eighth American Peptide Symposium, Tuc
son, AZ, May 1983; Abstract 5-8, p 131. 
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was stirred for 2 h at 0 °C and for 24 h at room temperature; 
iV,iV'-dicyclohexylurea (DCU) was filtered off and the solution 
was diluted with EtOAc (100 mL) and worked up as described 
in method A. 

Deprotection. Method C. Boc protecting groups were re
moved by treating the peptide with aqueous 90% TFA (1:10, w/v) 
containing anisole (1 mL) for 30-40 min. The solvent was 
evaporated in vacuo at 0 °C, and the residue was triturated with 
Et^O or petrol ether (PE): the resulting solid peptide was collected 
and dried. 

Method D. Hydrogenations were carried out in the indicated 
solvent at atmospheric pressure and room temperature, in the 
presence of 10% palladized charcoal (catalyst to peptide ratio, 
1:9, w/w). The reaction mixture was filtered through a Celite 
bed and evaporated to dryness. The residue was treated as 
described above in method C. 

Preparation of Geminal Diamine Derivatives. To a stirred 
suspension of Z-protected dipeptide amide (3 mmol) in 10 mL 
of acetonitrile-water (6:4) was added bis(trifluoroacetoxy)iodo-
benzene (TIB) (1.01 equiv).16" The resulting solution was stirred 
for 3-4 h under N2 at room temperature, following the reaction 
by TLC (solvent system B); the acetonitrile was removed, and 
the aqueous layer was acidified with 2 N HC1 (2 mL) and lyo-
philized. The resulting diamine hydrochloride was recrystallized 
from EtOH-Et20. The following compounds were obtained. 

Z-D-Ala-gPhe-HHCl (1), from Z-D-Ala-Phe-NH2,
10a 81% yield; 

mp 127-129 °C; [a]26
D +4.9° (c 1.0, MeOH). Anal. (C^NaC-aCl) 

C, H, N. 
Z-Phe-gGly-HHCl (6), from Z-Phe-Gly-NH2,

4b 87% yield; mp 
146-148 °C; H 2 5

D +4.5° (c 1.0, MeOH). Anal. (C18H22N303C1) 
C, H, N. 

Z-D-Ala-gPhe-mGly-OEt (2). To an ice-cold stirred sus
pension of 1 (0.87 g, 2.3 mmol) in DMF (8 mL), containing TEA 
(0.64 mL, 4.6 mmol), was added ethyl malonyl chloride (0.36 mL, 
2.75 mmol). The recation mixture was stirred at 0-5 °C for 3 h, 
diluted with EtOAc (100 mL), and then worked up (procedure 
A). The crude product 2 was recrystallized from EtOAc (0.7 g, 
67%): mp 158-160 °C; [a]25

D +39.1° (c 1.0, MeOH). Anal. 
(C24H29N306) C, H, N. 

Boc-Tyr-D-Ala-gPhe-mGly-OEt (3). Compound 2 (0.91 g, 
2 mmol) in AcOH (30 mL) was hydrogenated for 3 h (procedure 
D). The resulting H-D-Ala-gPhe-mGly-OEt acetate (0.76 g, 2 
mmol) in DMF (15 mL) was treated with TEA (0.28 mL, 2 mmol) 
and Boc-Tyr-OSu (0.68 g, 1.8 mmol). The reaction mixture was 
stirred for 6 h at room temperature, diluted with EtOAc (100 mL), 
and worked up as in method A. The resulting 3 was recrystallized 
from EtOH-Et20 (0.84 g, 80%): mp 201-203 °C; [c*]25

D +45.2° 
(c 1.0, MeOH); TLC, Rf (C) 0.53; amino acid analysis, Tyr 0.98, 
Ala 1.00, NH3 2.01. Anal. (C30H4oN408) C, H, N. 

Boc-Tyr-D-Ala-gPhe-mGly-OH (4). To a solution of 3 (2.33 
g, 4 mmol) in EtOH (18 mL) was added 1 M NaOH (4.4 mL) and 
the mixture was stirred for 2 h while the progress of the hydrolysis 
was checked by TLC (solvent system B). After evaporation of 
the ethanol, the mixture was diluted with water (20 mL) and 
washed with EtOAc (2 X 25 mL). The precooled aqueous phase 
was then acidified with solid citric acid and extracted with EtOAc 
(3 X 30 mL). The organic extract was washed with brine, dried, 
and evaporated to dryness. The resulting 4 was recrystallized 
from EtOH (1.9 g, 86%): mp 179-181 °C; [a]% +41.3° (c 1.0, 
MeOH); TLC, R, (B) 0.61; amino acid analysis, Tyr 0.99, Ala 1.00, 
NH3 1.96. 

Boc-Tyr-D-Ala-gPhe-mGly-NH2 (5a). According to the 
general coupling procedure B, 4 was treated with the ammonium 
salt of HOBt.22 The crude 5a was recrystallized from EtOH 
(73%): mp 124-126 °C; [a]26

D +35.6° (c 1.08 MeOH); TLC, Rf 

(C) 0.51; amino acid analysis, Tyr 0.97, Ala 1.00, NH3 2.98. Anal. 
(C28H37N507) C, H, N. 

Boc-Tyr-D-Ala-gPhe-mGly-NH-Bzl (5b), from 4 and ben-
zylamine (procedure B). The crude 5b was purified by flash 
chromatography23 on silica gel with use of the solvent system D. 
It was recrystallized from EtOAc-Et20 (62%): mp 161-163 °C; 

(22) Bajusz, S.; Ronay, A. Z.; Szekely, J. I.; Graf, L.; Berzetei, I. 
FEBS Lett. 1977, 76, 91. 

(23) Still, W. C; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 

[a]\ +45.0° (c 1.0, MeOH); TLC, R, (C) 0.54. Anal. ( C ^ H ^ O , ) 
C, H, N. 

Boc-Tyr-D-Ala-gPhe-mGly-D-NH-CH(CH3)C6H5 (5c), from 
4 and (i?)-(+)-a-methylbenzylamine (procedure B). Compound 
5c was crystallized from EtOAc (70%): mp 160-162 °C; [a]25

D 
+55.5° (c 1.0, MeOH); TLC, R, (C) 0.56. Anal. (C36H45N607) C, 
H, N. 

Boc-Tyr-D-Ala-gPhe-mGly-NH-Ad (5d), from 4 and 1-
adamantanamine (procedure B). Compound 5d was recrystallized 
from EtOAc-PE (71%): mp 133-135 °C; [«]25

D +40.8° (c 1.0, 
MeOH); TLC, R, (E) 0.71. Anal. (C38H61N607) C, H, N. 

Z-Phe-gGly-COH (7a). To a stirred suspension of 6 (3.63 g, 
10 mmol) in 98% formic acid (10.5 mL), cooled at 0 °C, was added 
dropwise acetic anhydride (3.5 mL). After 3 h at 0 °C, crushed 
ice (50 g) was added. The resulting precipitate was collected, 
washed with water, and dried (P206, in vacuo). The crude 7a was 
recrystallized from EtOH (3.1 g, 87%): mp 190-191 °C; [a]25

D 
-11.3° (c 1.0, DMF); TLC, R, (C) 0.61. Anal. (C19H21Ns04) C, 
H, N. 

Z-Phe-gGly-COBzl (7b). To a suspension of 6 (3.63 g, 10 
mmol) in DMF (15 mL) containing TEA (1.4 mL, 10 mmol), was 
added 1-succinimidylphenyl acetate (2.33 g, 10 mmol).24 The 
reaction mixture was stirred for 10 h, diluted with EtOAc (150 
mL), and worked up as in coupling procedure A. The resulting 
7b was reprecipitated from EtOH-EtjO (3.6 g, 80%): mp 208-210 
°C; [a]25

D -11.1° (c 1.0, DMF). Anal. (C26H27N304) C, H, N. 
Z-Phe-gGly-D-COCH(CH3)C6H? (7c) was prepared by cou

pling 6 with (S)-(+)-2-phenylpropionic acid (procedure B). It was 
recrystallized from EtOAc (82%): mp 210-212 °C; TLC, Rf (C) 
0.61. Anal. (C27H29N304) C, H, N. 

Z-Phe-gGly-CO-Ad (7d), from 6 and 1-adamantanecarbonyl 
chloride as described for 2. Compound 7d was recrystallized from 
EtOAc-PE (86%): mp 225-227 °C; [a]\ +4.0° (c 1.0, acetic acid). 
Anal. (C29H36N304) C, H, N. 

Boc-Tyr-D-Ala-Phe-gGly-COH (9a). Compound 7a (0.39 g, 
1.1 mmol) in AcOH-H20 (13:2) was hydrogenated for 2 h (pro
cedure D). The resulting H-Phe-gGly-COH acetate (0.3 g) in DMF 
(8 mL) was treated with Boc-Tyr-D-Ala-OH4b (8; 0.35 g, 1 mmol) 
(coupling procedure B). It was recrystallized from EtOAc (0.41 
g, 72%): mp 120-122 °C; [a]25

0 +6.9° (c 1.0, MeOH); TLC, Rf 

(E) 0.56; amino acid analysis, Tyr 0.97, Ala 1.01, Phe 1.00, NH3 
1.97. Anal. (C28H37N607) C, H, N. 

Boc-Tyr-D-Ala-Phe-gGly-CO-Bzl (9b) was prepared as 9a 
from 8 and H-Phe-gGly-CO-Bzl acetate (obtained from 7b fol
lowing procedure D). It was recrystallized from EtOH-Et20 
(73%): mp 179-181 °C; [a]25

D +15.0° (c 1.0, MeOH); amino acid 
analysis, Tyr 0.96, Ala 1.00, Phe 1.02, NH3 1.95. 

Boc-Tyr-D-Ala-Phe-gGly-D-COCH(CH3)C6H5 (9c), from 8 
and H-Phe-gGly-D-COCH(CH3)C6H5 (procedure B). Compound 
9c was recrystallized from EtOAc (76%): mp 146-148 °C; [a]2B

D 
+14.7° (c 1.0, MeOH); TLC, R, (E) 0.61. Anal. (C36H45N507) C, 
H, N. 

Boc-Tyr-D-Ala-Phe-gGly-CO-Ad (9d) from 8 and H-Phe-
gGly-CO-Ad acetate (procedure B). Compound 9d was crystallized 
from EtOAc-Et20 (70%): mp 140-142 °C; [a]25

D +7.6° (c 1.0, 
MeOH); TLC, Rs (C) 0.73. Anal. (C38H61N507) C, H, N. 

JV-(Phenylacetyl)glycine (10b). Glycine (0.75 g, 10 mmol) 
in 2 N NaOH (10 mL) was treated with 1-succinimidyl phenyl-
acetate (1.16 g, 5 mmol) in THF (10 mL) with stirring at 0 °C. 
The reaction mixture was left at 0-5 °C for 6 h, and THF was 
removed under reduced pressure. The aqueous solution was 
adjusted to pH 1 with 5 N HC1 and extracted with EtOAc (2 X 
20 mL). The combined organic extracts were dried, filtered, and 
evaporated to dryness, and the residue was recrystallized from 
EtOAc (0.8 g, 83%): mp 140-142 °C; TLC, Rf (C) 0.58. Anal. 
(C10HnNO3) C, H, N. 

JV-[(iS)-2-Phenylpropiony]]glycine (10c), from glycine and 
1-succinimidyl (S)-2-phenylpropionate (1.23 g, 5 mmol), as 10b. 
It was reprecipitated from EtOAc-PE (0.78 g, 75%): mp 97-99 
°C; TLC, Rf (C) 0.60. Anal. (CuH1303N) C, H, N. 

iV-(l-Adamantylcarbonyl)glycine (lOd), from glycine and 
1-adamantanecarbonyl chloride (0.99 g, 5 mmol) as 10b. The title 
compound was recrystallized from EtOH (1 g, 84%): mp 194-196 

(24) Salvadori, S..; Tomatis, R., unpublished results. 
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°C; TLC, R, (C) 0.66. Anal. (C13H19N03) C, H, N. 
Z-D-Ala-gPhe-Gly-COH (11a). OHC-Gly-OH (0.103 g, 1 

mmol) in DMF (8 mL) was treated with 1 (Z-D-Ala-gPhe-H-HCl) 
(0.414 g, 1.1 mmol) in the presence of TEA (0.14 ml, 1 mmol) via 
DCC/HOBt (1 equiv) (procedure B). The pseudotripeptide 11a 
was recrystallized from MeOH (0.35 g, 83%): mp 219-221 °C; 
M26

D +11.1° (c 1.0, DMF); TLC, R, (C) 0.56. Anal. (C22H26N406) 
C, H, N. 

Z-D-Ala-gPhe-Gly-CO-Bzl (lib), from JV-(phenylacetyl)-
glycine and 1 (procedure B). Compound l ib was recrystallized 
from EtOAc (74%): mp 219-220 °C; [a]26

D +8.5° (c 1.0, DMF); 
amino acid analysis, Ala 1.01, Gly 1.00, NH31.96. Anal. (C29-
HfflNA) C, H, N. 

Z-D-Ala-gPhe-Gly-D-COCH(CH3)C6H5 (lie) , from N-[(S)-
(+)-2-phenylpropionyl]glycine and 1 (procedure B). Compound 
l ie was recrystallized from EtOH (71%): mp 188-189 °C; [a]26

D 
+12.7° (c 1.0, DMF). Anal. (C30H34N4O6) C, H, N. 

Z-D-Ala-gPhe-Gly-CO-Ad (lid), from JV-(l-adamantyl-
carboxy)glycine and 1 (procedure B). Compound l id was re
crystallized from EtOAc (69%): mp 103-105 °C; [a]26

D +21.4° 
(c, 1.0, acetic acid); TLC, R, (C) 0.77. Anal. (C32H40N4O5) C, H, 
N. 

Boc-Tyr-D-Ala-gPhe-Gly-COH (12a). A sample of 11a (0.468 
g, 1.1 mmol) in AcOH (15 mL) was hydrogenated for 3 h (pro
cedure D). The resulting H-D-Ala-gPhe-Gly-COH acetate (0.387 
g, 1.1 mmol) in DMF (8 mL) containing TEA (0.154 mL, 1.1 mmol) 
was treated with Boc-Tyr-OSu (0.37 g, 1 mmol). The reaction 
mixture was stirred for 8 h at room temperature, diluted with 
EtOAc (100 mL), and worked up as in procedure A. The crude 
product was recrystallized from EtOAc (82%): mp 158-160 °C; 
[a]25

D +21.6° (c 1.0, acetic acid); TLC, R, (C) 0.61; amino acid 
analysis, Tyr 0.96, Ala 1.01, Gly 1.00, NH3 1.94. Anal. (C28-
H37N607) C, H, N. 

Boc-Tyr-D-Ala-gPhe-Gly-CO-Bzl (12b). Compound l ib was 
hydrogenated for 3 h (procedure D). The resulting H-D-Ala-
gPhe-Gly-CO-Bzl acetate was treated with Boc-Tyr-OSu as for 
12a. The crude 12b was recrystallized from EtOH (79%): mp 
158-160 °C; [a]2B

D +41.2° (c 1.0, MeOH); TLC, Rf (C) 0.65. Anal. 
(C35H43N507) C, H, N. 

Boc-Tyr-D-Ala-gPhe-Gly-D-CO-CH(CH3)C6H5 (12c), from 
H-D-Ala-gPhe-Gly-D-CO-CH(CH3)C6H5 and Boc-Tyr-OSu. 
Compound 12c was recrystallized from EtOAc (81%): mp 146-148 
°C; H 2 5

D +37.7° (c 1.0, MeOH). Anal. (C36H46N507) C, H, N. 
Boc-Tyr-D-Ala-gPhe-Gly-CO-Ad (12d), from H-D-Ala-

gPhe-Gly-CO-Ad and Boc-Tyr-OSu. The title compound was 
recrystallized from EtOH-H20 (83%): mp 152-154 °C: [a]26

D 
+38.6° (c 1.0, MeOH); amino acid analysis, Tyr 0.99, Ala 1.04, 
Gly 1.00, NH31.98. Anal. (C38H61N507) C, H, N. 

Preparations of Free Pseudotetrapeptides Ia-f, Ila-d, and 
Illa-d. Each Boc-pseudotetrapeptide analogue was deprotected 
according to procedure C. The resulting free pseudopeptide (1 
mmol) was dissolved in 0.5 N acetic acid (2 mL) and passed 
through a 2 X 40 cm Sephadex G-25 column, using system A as 
eluting solvent. Evaporation of solvent from the appropriate 
combined fractions gave the pseudotetrapeptide trifluoroacetates: 
Ic-d, lid, and Illa.d were recrystallized from MeOH-Et20 
(80-85%). All other pseudopeptide trifluoroacetates were con
verted into corresponding acetate salts through Whatman DE52 
anion-exchange resin (acetate form) with 0.2 N acetic acid as 
eluting solvent. The fractions containing the peptide were col
lected and lyophilized to constant weight (85-90%). The analogue 
Ie was obtained as a free base. Characterizations of the final 14 
analogues are summarized in Table I. 

Pharmacological Assays. All pseudopeptides and reference 

compounds were assayed on the electrically stimulated guinea 
pig ileum (GPI) with use of the conditions of Kosterlitz and Watt.16 

Dose-response curves were drawn on at least three points and 
the ICgo, i.e., the concentration of compound necessary to inhibit 
the amplitude of elecrically induced twitch by 50%, was deter
mined. All compounds completely inhibited the twitch at the 
highest doses. The analgesic potency of pseudopeptides was 
estimated in Swiss-Webster mice wighing 27-30 g. The tail-flick 
test was essentially that described by Janssen,17 using water at 
55 °C as nociceptive stimulus. Tests were made prior to and at 
various times after icv and sc administration of each compound 
in saline (4 nh). The average reaction time in control animals 
was 1 s. Complete analgesia was assumed to be present when no 
reaction appeared up to 10 s after application of noxious stimulus. 
Percent analgesia was calculated according to the formula [(T 
- T0)/(10 - T0)] X 100. EDJO values and the 95% confidence limits 
were calculated by the methods of Tyers25 and Finney.26 
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