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Opioid Agonists and Antagonists. Peptides Containing N-Terminal Ally1 Groups 
and/or a Thiomethylene Linkage in Place of a Peptide Bond 
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Peptides containing N-ally1 or N,N-diallyl groups at the N-terminus have been synthesized as potential 
opioid antagonists. A number of  analogues with an amide bond replaced by  a thiomethylene group have 
also been prepared. In brain binding assays and in guinea-pig ileum and mouse vas deferens 
preparations, the analogues generally displayed l o w  affinity for p- and &-receptors as wel l  as agonist 
activities in in vitro tests. N,N-Diallyl- Phe-D-Ala-Phe-Gly-NH, (28) was found t o  be a moderately 
potent but highly selective antagonist at 6 opiate receptors. 

The substitution of a larger moiety such as an allyl, 
cyclopropylmethyl, or furylmethyl group for the N-methyl 
groups on a non-peptide opioid is known to yield antagonist 
congeners.' Thus substitution of an allyl for the N-hydrogen on 
the Tyr ' of dermorphin, H-Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser- 
NH,,' or its synthetic analogues is expected to produce 
antagonists. It has been shown, however, that the N-monoallyl 
derivative of enkephalins is a weak mixed agoni~t-antagonist,~.~ 
while some N,N-diallyl-enkephalin analogues exhibit a selective 
antagonism at the We have previously studied 
the effect of modifications to the dermorphin structure on both 

potency and selectivity.8-'3 From this work, it is clear that 
substitution, particularly at residue 5, of the dermorphin-( 1-5) 
structure produces profound changes in selectivity.' 

In the present investigation, N-ally1 and N,N-diallyl 
derivatives of a number of p- or &receptor selective peptide 
agonists were synthesized and their effects were estimated by 
bio- and binding assays. Analogues containing a thiomethylene 
linkage in place of enzymatic biolabile peptide bonds ' were 
also prepared and tested. 

In order to make the structure-activity relationships more 
meaningful, the opioid data of original dermorphin tetra- and 

1. Structures and biological activity of synthetic opioid peptides 
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(29) 

H-T~~-D-AI~-P~~-W(CH,S) -GI~-NH,  

Boc-D-Ala-Phe-Gly-OH --% Boc-D- Ala-Phe-Gly-Y 
(1) 

BocfiTyr(Bu')-D-Ala-Phe-Gly-Y % H-D-Ala-Phe-Gly-Y 

X-T y r-~-Ala-Phe-Gl y-Y 
(261S32) 

XrTyr-D-Ala-Phe-Gly-Y J X3Phe-D-Ala-Phe-G1;-Y 
(2717 (33) (28) 

Scheme 1. Synthesis of tetra- and penta-peptides containing N-allyl- or N,N-diallyl-tyrosine. Reagents: i, ClCO,CH,CH(CH,),; ii, N- 
methylmorpholine; iii, CF,CO,H; iv, BocrTyr(Bu')OH; v, DCCI-HOBt; vi, XTTyr(Bu')OH; vii, XxPhe-OH; X = CH,CH=CH,; for 
compounds (2), (3), (4), and (26)-(a), Y = NH,; for compounds (lo), ( l l) ,  (32), and (33), Y = Phe-NH,. 

CH,Ph CH,Ph CH,Ph 
I I I 

Boc-HNCHCH,OH Boc-HNCHCH,OTsl -% Boc-HNCHCH,SCH,CO,H 
(5) 

CH,Ph CH,Ph 
I I 

Boc-D-A~~-HNCHCH,SCH~CO,NH, * BOC-D-A~~-HNCHCH,SCH,CO,H 11:' (13) 

H - D - A ~ ~ - P ~ ~ - w ( C H , S ) - G ~ ~ - N H ,  ~XrTyr(But)-~-Ala-Phe-y(CH2S)-Gly-NH2 
(17) 

1 
XfiT yr-~-Ala-Phe- yr(CH,S)-GI y-NH, 

(31) 

Scheme 2. Synthesis of tetrapeptide analogues with the amide bond between the 3 and 4 positions replaced by a CH,S group. Reagents: i, p- 
MeC,H,SO,CI in pyridine; ii, NaSCH,CO,Na; iii, TFA; iv, Boc-D-Ala-OSu; v, MA; vi, NH,; vii, XfiTyr(Bu')OH; viii, DCCI-HOBt; ix, Boc-Tyr- 
OSu; x, BocTTyr(Bu')OH; X = CH,CH=CH, 

penta-peptides 9 * 1  (26a), (32a), and (36a) and the &receptor 
antagonist N,N-diallyl-Tyr-Gly-Gly-W(CH,S)-Phe-Leu-OH 
(ICI 154129) are also reported (Table 1). 

Synthesis.-All the peptides reported here are listed in Table 
1. N- All yl- or N,N-diallyl-(Tyr-D- Ala-Phe-Gly-Y analogues 
C(26)-(28), Y = NH,] and [(32) and (33), Y = Phe-NH,] 
were prepared by the route shown in Scheme 1. 

Modifications only at N- and C-termini suggested a route in 
which the segment H-D-Ala-Phe-Gly-Y is first prepared and is 
subsequently condensed with the appropriate tyrosine deriv- 
ative, yielding protected tetra- or penta-peptides. The removal of 
the protecting groups, Boc and/or Bu', by trifluoroacetic acid 
gave the expected N-monoallyl-(26), (32), and N,N-diallyl 
derivatives (27), (28), and (33). 

The analogues containing a CH,S linkage in place of an 
amide bond between Phe 3-Gly were synthesized according to 
the route shown in Scheme 2. 

phenylalaninol) was tosylated by reaction with toluene-p- 
sulphonyl chloride in pyridine. The sulphonate was then treated 
with disodium mercaptoacetate and the resulting 2-(3-phenyl- 
2-t-butoxycarbony1aminopropylthio)acetic acid [Boc-Phe- 
v(CH,S)-Gly-OH] was converted into an amide derivative by 
the mixed anhydride method. Deprotection, followed by coup- 
ling with the appropriate Boc-amino acids yielded the fully 
protected pseudotetrapeptides. Subsequent removal of pro- 
tecting groups by trifluoroacetic acid gave the desired analogues 
(29)-(31). The pseudopentapeptides (34)-(36) containing a 
CH,S linkage between positions 4 and 5 were prepared by the 

3- Phenyl-2-t-butoxycarbonylaminopropan- 1-01 (BOC- 
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R or R' R or R 
I I 

(6) (7), (8) 
H,NCH2CH,SH + BrCHC0,H H2NCH2CH2SCHC02H- 

.. ... . 
11, 111, 1v I 

R or R' R or R' 
I I 

(19)7 (20) (91, (18) 
Soc-Phe-HNCH,CH,SCHCO,NH, -V"BocHNCH2CH2SCHC02NH2 

v, vii I 
R or R' R 
I I 

Boc-D-A~~-P~~-HNCH,CH,SCHCO,NH~ - Boc~Tyr(But)-~-Ala-Phe-HNCH2CH,SCHC02NH2 
(2117 (22) (23) 

v, x, ix 

1 R or R' II R 
I 

X~Tyr(But)-~-Ala-Phe-NHCH,CH,S~HCO,NH, X-T~~-D-A~~-P~~-HNCH,CH,SCHCO,NH, 
(34) 

R or R' 
1 

(3% (36) 

(241, (25) 

X~T~~-D-AI~-P~~-HNCH,CH,SCHCO,NH, 

Scheme 3. Synthesis of pentapeptide analogues with the amide bond between the 4 and 5 positions replaced by a CH,S group. Reagents: i ,  NaHCO,; 
ii, (Boc),O; iii ,  MA; iv, NH,; v, TFA; vi, Boc-Phe-OH; vii, Boc-D-Ala-OSu; viii, Boc-f-Tyr(Bu')OH; ix, DCCI-HOBt; x, XTTyr(Bu')OH; for 
compounds (7, (9), (19), (21), (23), and (24), R = CH,Ph; for compounds (8), (18), (20), (22), and (25), R' = Ph; X = CH,CH=CH, 

route shown in Scheme 3. The procedures used for the synthesis 
of 2-(2-aminoethylthio)alkanoic acid derivatives were based on 
the routes reported earlier for these thiopeptide~.'~.' 

(R)-2-Bromo-3-phenylpropionic acid and (S)-2-bromo-2- 
phenylacetic acid were prepared from D-phenylalanine and L- 
phenylglycine respectively by treatment with sodium nitrite and 
potassium bromide in aqueous sulphuric acid. This reaction has 
been shown to proceed with retention of configuration. On the 
other hand, since the reaction of thiol derivatives with bromo 
acids is known to proceed with inversion of configuration, (S)-2- 
(2-aminoethylthio)-3-phenylpropionic acid [Gly-y-(cH,S)-~- 
Phe] and (R)-2-(2-aminoethylthio)-2-phenylacetic acid [Gly- 
y(CH,S)-~-Phgly] were obtained starting from D-phenylalanine 
and L-phenylglycine respectively. The final thiopentapeptide 
analogues (34)-(36) were obtained using active esters, mixed 
anhydrides or the DCCI-HOBt method,16 through the stepwise 
addition of the appropriate amino acid to the pseudodipeptide 
units as depicted in Scheme 3. 

Bioussays und Binding Assays.-All the analogues listed in 
Table 1 were examined for their ability to inhibit the electrically 
induced contractions of guinea-pig ileum '' (GPI) and mouse 
vas deferens (MVD). Relative opioid receptor affinities were 
determined by the displacement of selective radioligands from 
guinea-pig brain membrane preparations." C3H][~-A1a *, 
MePhe 4, Gly-ol 5]enkephalin (DAGO) served as a highly 
selective p-receptor radioligand, and the somewhat less 
selective radiolabelled C3H][~-Ala 2,  D-Leu 5]enkephalin 
(DADLE) and ['HI( i-)ethylketazocine (EKC) were used for 
determining relative 6- and K-receptor affinities, respectively. 
Antagonist activity was measured in the field-stimulated GPI 
and MVD preparations. K,  Values 20,* were determined against 

* Negative log o f  molar concentration that reduces agonist activity by 
50%. 

morphine and DADLE. All results represent the mean of at least 
four determinations (Table 1). 

Results and Discussion 
As previously observed for various series of dermorphin 
peptides,' none of the present analogues displaced the binding 
of C3H]EKC to any significant degree. The high IC,, values 
(> 1 0 p ~ ,  data not shown) indicate that they have a negligible 
affinity for the K-binding site. 

In the C3H)DAGO and C3H]DADLE binding assays, with 
the exception of compound (28), all the new analogues (26)- 
(36) displayed a preference for p- over &receptors but, in 
comparison to the parent peptides (26a), (32a), and (36a), they 
showed a lower affinity for both p- and 6-sites with an evident 
dependence on N-terminal and/or peptide bond modifications. 

The results obtained with compounds (26)-(36) in the GPI 
and MVD preparations are generally in agreement with the 
binding data. Whereas the substitution of CH2S for an amide 
bond was relatively tolerated Leg., compound (26a) us. (29)], N -  
terminal allylation [derivatives (26), (30), and (32)] significantly 
reduced the relative agonist potency. Compared with these 
mono-substituted analogues, lower activities were obtained 
with N,N-diallyl peptides (27), (31), and (33)-(36). Finally, in 
comparison with the potent and relatively &selective agonist 
(36a), its N,N-diallyl analogue (36) was a weak p-partial agonist, 
showing an opposite activity pattern. 

Among the new compounds synthesized, only N,N-diallyl- 
Phe-D-Ala-Phe-Gly-NH, (28) had antagonistic properties; it 
seemed to be a moderately potent but highly selective 6- 
antagonist. In fact, the results on the MVD and GPI assays 
show that compound (28) is as potent as N,N-diallyl-Tyr-Gly- 
Gly-y(CH,S)-Phe-Leu-OH (similar K, values) in antagonising 
the 6-receptor agonist DADLE, while it is inactive against the 
p-agonist morphine. Taken together, the data of the present 
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study indicate that (i) the substitution of a more flexible 
methylenethio linkage for an amide bond results in the retention 
of biological activity; (ii) agonistic potencies of N-ally1 
derivatives of dermorphin analogues are low, indicating that 
their affinity to the opioid receptor is reduced by N-ally1 
substitution; (iii) the choice of opioid receptor subtype by N,N- 
diallyl derivatives may be different from that shown by their 
parent peptides; (iv) no relationship exists between the agonist 
activity of a given dermorphin analogue and the antagonist 
potency of its diallyl congener; and (v) surprisingly, in 
comparison with the inactive N,N-diallyl-Tyr-D-Ala-Phe-Gly- 
NH, (27), its dehydroxy analogue (28) is a moderately potent 
but highly selective &-antagonist. 

Experimental 
H.p.1.c. analysis was performed on a Bruker liquid chroma- 
tograph LC21-C equipped with a Bruker LC313 UV variable- 
wavelength detector. Recording and quantification were 
accomplished using a chromatographic data processor (Epson 
computer FX-SOX). A IBOl C-18 column (250 x 4.5 mm i.d. 
5 pm particle size) was used in the h.p.1.c. system. All solvents 
used were U.V. spectroscopic grade and were filtered and de- 
gassed prior to use. Analytical determinations for deprotected 
peptides were carried out by a gradient made up of two solvents: 
A, 10% (v/v) acetonitrile in water; B, 60% (v/v) acetonitrile in 
water, both containing 4 . 5 m ~  trifluoroacetic acid and 4 . 9 m ~  
triethylamine. The gradient programme used was as follows: 
linear gradient from 10% to 25% B in 10 min; isocratic 25% B 
for 5 min; linear gradient from 25% to 40% B in 8 min. 
Chromatography was performed at a flow rate of 1 ml min-': all 
analogues showed, by analytical h.p.l.c., less than 1% impuri- 
ties while monitoring at 210 and 277 nm. The amino acid 
composition was determined with a Carlo Erba 3A29 amino 
acid analyser, after acid hydrolysis in constant-boiling HCl 
containing 1 % phenol. T.1.c. was performed on precoated plates 
of silica gel F254 (from E. Merck) with use of the following 
solvent systems: butanol-acetic acid-water (6: 1 : 5 v/v) (RFA); 
ethyl acetate-pyridine-acetic acid-water (60: 20: 6 : 1 1) (RFB); 
chloroform-methanol-benzene (1 7 : 2 : 1) (RFC); chloroform- 
methanol (1 : 1) (RFD); chloroform-methanol (9: 1) (RFE); 

acetone-chloroform (1 : 1) (RFF). Spots were revealed by 
ninhydrin 1 % (Merck), fluorescamine (Hoffman-La Roche), 
and/or chlorine reagent. Symbols and abbreviations used 
follow the IUPAC-IUB recommendations; other abbrevi- 
ations used are as follows: DCCI, dicyclohexylcarbodi-imide; 
HOBt, 1-hydroxybenzotriazole; DMF, dimethylformamide; 
OSu, N-hydroxysuccinimidyl ester; NMM, N-methylmorpho- 
line; EtOAc, ethyl acetate; TFA, trifluoroacetic acid; THF, 
tetrahydrofuran. 

All amino acid residues are L unless specifically stated 
otherwise. 

Coupling Procedures. Method A.-To a stirred solution (0.5- 
0 . 8 ~ )  of Boc-protected amino acid or Boc-protected peptide (1 
mmol) in DMF, 1 equiv. of NMM was added; the mixture was 
cooled to - 10 "C, treated with isobutyl chloroformate (1 
equiv.), and allowed to react for 2-3 min. A precooled solution 
of amino component hydrochloride or trifluoroacetate (1.1 
mmol) in DMF (0 .4 -0 .6~)  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 with brine, 
0 . 5 ~  KHSO,, brine, 5% NaHCO,, and brine successively. The 
organic phase was dried (MgSO,), filtered, and evaporated to 
dryness. The residue was crystallized from appropriate solvents 
or purified by column chromatography. 

Method B. To a solution of the carboxy component (2 mmol) 

in DMF (10 ml) was added the amino acid component (2 
mmol), NMM (2 mmol if the amino component was in the 
protonated form), HOBt (2 equiv.), and DCCI (2.1 mmol) in the 
above order at 0 "C. The reaction mixture was stirred for 2 h at 
0 "C and 24 h at room temperature; N,N-dicyclohexylurea was 
filtered off, and the solution was diluted with EtOAc (100 ml) 
and worked up as described in method A. 

Deprotection. Method C.  Boc and/or Bu' protecting groups 
were removed by treating the peptide with aqueous 90% TFA 
(1 : 10 w/v) containing anisole (1 ml) for 3-0 min. The solvent 
was evaporated under reduced pressure at 0 "C, and the residue 
was triturated with ether or light petroleum; the resulting solid 
peptide was collected and dried. 

Method D. Hydrogenation was 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. 

N-t-Butoxycarbonyl-D-alanylphenylalanylglycine (l).-Boc- 
~-Ala-Phe-Gly-OBzl~ (4.83 g, 10 mmol) in acetic acid (150 ml) 
was hydrogenated for 3 h (deprotection procedure D). The pure 
title compound was obtained by precipitation from methanol- 
ether (3.21 g, 81%), m.p. 138-l4O0C, [a];' -34.1" (c 1, in 
MeOH), RF, 0.56 and RFD 0.64 (Found: C, 57.9; H, 6.9; N, 10.8. 
C,,H,,N,O, requires C, 58.0; H, 6.9; N, 10.7%). 

N-t-Butoxycarbonyl-D-alanylphenylalanylglyc~nami~e (2).- 
According to the general coupling procedure A, a mixed 
anhydride from Boc-D-Ala-Phe-Gly-OH (1) (6 mmol) was 
treated with a saturated THF solution of ammonia. The crude 
compound (2 g) was purified by silica gel column chroma- 
tography using 3% methanol in chloroform as the eluant, and 
recrystallized from ether (71%), m.p. 188-190 "C, [a];' 
+ 19.6 (c 1, in MeOH), RFc 0.42 and RF, 0.78 (Found: C, 56.6; 
H, 9.6; N, 14.1. C,,H,,N,O, requires C, 56.7; H, 9.5; N, 13.9%). 

N-t-  Butoxycarb~nyl-N-allyl-O~-t-b~tyltyrosyf-~-alanyl- 
p hen y lalany lgly cinam ide (3)  .-Boc-D- Ala- P he- G1 y -N H , (2) ( 1 .9 
g, 5 mmol) was treated with TFA (10 ml) for 30 min (procedure 
C). The resulting H-~-Ala-phe-Gly-NH, trifluoroacetate (2.0 g, 
5 mmol) in DMF (30 ml) was treated with N-t-butoxycarbonyl- 
N-allyl-04-t-butyltyrosine 22  (5 mmol) by the DCCI-HOBt 
method (coupling procedure B). The title compound was 
purified by silica gel column chromatography using 3% 
methanol in chloroform as the eluant: it was obtained as an oil 
(63%), [R];' -43.0" ( c  1, in MeOH), RF, 0.60 and R F A  0.83 
(Found: C, 64.3; H, 7.7; N, 10.8. C3,H,,N,0, requires C, 64.5; 
H, 7.6; N, 10.7%). 

N,N- Diaflyl-O4-t-butyltyrosyl-~-alanylphenylafanylglycin- 
amide (4)-This was prepared from N,N-diallyl-Tyr(Bu')- 
OH 2 3  and H-~-Ala-phe-Gly-NH, trifluoroacetate (obtained 
by TFA treatment of the Boc derivative) according to coupling 
procedure B. The tetrapeptide was purified by silica gel column 
chromatography using chloroform and 10% methanol in 
chloroform as the eluants (85.5%), [a];' -5.9" (c 1.5, in 
MeOH), RFA 0.66, RF, 0.83, and R F D  0.79 (Found: C, 66.9; H, 
7.6; N, 11.8. C,,H,,N,O, requires C, 67.0 H, 7.7; N, 11.9%). 

2-(2-t-Butoxycarbonylamino-3-phenylpropylthio)acetic Acid 
[Boc-Phe-y~(CH,S)-Gly-0H] (5).-2-t-Butoxycarbonylamino- 
3-phenylpropanol (Boc-phenylalaninol) ( 5  g, 20 mmol) was 
converted into the 0-tosyl derivative by reaction with toluene-p- 
sulphonyl chloride (3.8 g, 20 mmol) in pyridine (20 ml) at 5 "C 
overnight. The solvent was evaporated off and the residue was 
dissolved in ethyl acetate and washed with saturated NaHCO,, 
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water, 5% aqueous citric acid, and water. The ethyl acetate 
solution was dried (Na,SO,) and evaporated to dryness to leave 
an oil (7.1 g, 87%). 

A solution of sodium mercaptoacetate (1.4 g, 10 mmol) in IM 
NaOH (10 ml) was added dropwise to the above tosyl derivative 
(3.64 g, 9 mmol) in D M F  (30 ml) and the reaction mixture was 
stirred overnight at 50-55 "C. The suspension was diluted 
with water (20 ml) and washed with ether (2 x 30 ml); the 
aqueous solution was acidified to pH 5 with solid citric acid and 
extracted with ethyl acetate (3 x 30 ml). The organic phase was 
washed with 5% aqueous citric acid and saturated aqueous 
NaCl, dried (Na,SO,), and evaporated to an oil (1.4 g, 48%), 
RF, 0.59 and RF, 0.35 (Found: C, 59.0; H, 7.2; N, 4.3. 
C,,H,,NO,S requires C, 59.1; H, 7.1; N, 4.3%). A sample of the 
above oil (325 mg, 1 mmol) was dissolved in ether (15 ml) 
containing dicyclohexylamine (0.2 ml, 1 mmol); precipitation of 
Boc-Phe-\y(CH,S)-Gly-OH dicyclohexylammonium salt 
occurred on standing at 0 "C (82.5%), m.p. 138-139 "C (lit.,24 
14-141 "C). 

(S)-2-Bromo-2-phenylacetic Acid (6).-Sodium nitrite (1 2 g, 
0.14 mol) in water (25 mi) was added dropwise over 3 h to a 
stirred solution of L-phenylglycine (16.4 g, 0.125 mol) and 
potassium bromide (48.7 g, 0.41 mol) in 3~ sulphuric acid (24.0 
ml) at 0 "C. Stirring was continued for a further 60 min at 0 "C 
and overnight at room temperature. The product was extracted 
into ether (4 x 100 ml), back-washed with saturated aqueous 
sodium chloride and then dried. Evaporation of the ether left an 
oil which became a solid mass in the cold (20 g, 74%). A sample 
was crystallized from cyclohexane; m.p. 108-1 10 "C, [CC];' - 
4.5" (c 1.0, in MeOH) (Found: C, 44.4; H, 3.3; Br, 14.7. 
C,H,O,Br requires C, 44.7; H, 3.2; Br, 14.9%). 

(S)-2-(2-Aminoethylthio)-3-phenyIpropionic Acid [H-Gly- 
\y(CH,S)-Phe-OH] (7).-(R)-2-Bromo-3-phenylpropionic 
acid2' (2.29 g, 10 mmol) was dissolved in 0 . 5 ~  aqueous 
NaHCO, (60 ml, 30 mmol) and the solution purged with 
nitrogen. 2-Aminoethanethiol hydrochloride (2.27 g, 20 mmol) 
was added under nitrogen and the reaction solution was stirred 
for 24 h and acidified (pH 6) with ice-cold 6~ HC1. A solid 
started to separate from the cold reaction solution; after 8 h this 
was filtered off, washed with cold water, ethanol, and then with 
ether, The solid was crystallized from ethanol (1.15 g, 5173, m.p. 
197-199 "C, R,, 0.55 and RF, 0.50 (Found: C, 58.5; N, 6.6; N, 
6.3; S, 14.3. C,,H,,NO,S requires C, 58.6; H, 6.7; N, 6.2; S, 
14.2%). 

(R)-2-(2-Aminoethylthio)-2-phenylacetic Acid [H-Gly- 
y(CH2S)-~-Phgly-OH] @).-This was prepared from (S)-2- 
bromo-2-phenylacetic acid and 2-aminoethanethiol as above. 
The pseudopeptide was crystallized from aqueous ethanol 
(56%), m.p. 163-165 "C, RFA 0.51 and RF, 0.46 (Found: C, 
56.5; H, 6.1; N, 6.7. C,,H,,NO,S requires C, 56.8; H, 6.2; N, 
6.6%). 

N- t- Butoxycarbonylglycyl- \y(CH, S )-phenylalaninamide 
(9).-H-Gly-\y(CH2S)-Phe-OH (2.26 g, 10 mmol) was converted 
into the Boc derivative by reaction with (Boc),O (3.27 g, 15 
mmol) in butanol-water-1M NaOH (2: 1 : 1 v/v) (40 ml) at room 
temperature for 3 h. The solvent was evaporated off, the residue 
was partitioned between ether and water, and the usual work-up 
was performed excluding the NaHCO, treatment. The resulting 
Boc-Gly-y(CH,S)-Phe-OH (2.27 g, 7 mmol) was treated with a 
saturated THF solution of ammonia (procedure A). The title 
compound was crystallized from ether (4373, m.p. 129- 
131 "C, [XI;' -33.0" (c 1.0, in MeOH), RF, 0.52 (Found: C, 
59.0; H, 7.4; N, 8.7; S, 9.5. C16H24N203S requires C, 59.2; H, 
7.5; N, 8.6; S ,  9.8%). 

The other protected tetra- and penta-peptides were prepared 
in a similar manner to that described for the synthesis of (3) and 
(4). Physicochemical and analytical data referring to inter- 
mediate sequences and target peptides, outlined in Schemes 1- 
3, are summarized in Table 2. 

Preparations of Free Pep tides (26)-(36).-Eac h Boc-pep tide 
analogue was deprotected according to procedure C. The 
resulting free peptide (1 mmol) was dissolved in 0 . 5 ~  acetic acid 
(2 ml) and passed through a 2 x 40 cm Sephadex G-25 column, 
using system A as eluant. Evaporation of solvent from the 
appropriate combined fractions gave the peptide trifluoro- 
acetates which were recrystallized from MeOH-Et,O (80- 
85%). Characterizations of the final 11 analogues are 
summarized in Table 2. 

Bioassays.-The bioassays based on inhibition of electrically 
evoked contractions of the GPI" and of the MVD18 were 
carried out as reported in the literature. A log dose-response 
curve was determined with dermorphin-(l-4)-NH2 (26a) as 
standard for each ileum or vas preparation, and IC,, values 
(doses causing a depression of 50% of the electrically evoked 
contraction) of the opioid peptide analogues being tested were 
normalized according to a published procedure.26 The effects 
of all analogues on the GPI  and MVD were completely 
antagonized by naloxone. 

The antagonistic effectiveness of new analogues and 
reference compound, H-Tyr-Gly-Gly-y(CH,S)-Phe-Leu-OH, 
against either a p- or 6-agonist was tested in either GPI or MVD 
preparations. The K,  values were determined against morphine 
and [D-Ala ,, D-Leu S]enkephalin according to the usual 
method.,' In these experiments the slopes of the Schild plots did 
not deviate significantly from unity. 

Binding studies with guinea pig brain membrane preparations 
were carried out as described in detail elsewhere." [,HIDAGO, 
C3H]DADLE, and C3H]EKC at the concentration of 0 . 6 n ~  
were used as radioligands, and incubations were performed at 
0°C for 2 h. To determinate IC,, values (i.e., values for 50% 
inhibition of specific [,HIDAGO, c3H]DADLE, and [,HIEKC 
binding) of the peptide under examination, the compounds were 
added, in triplicate, to binding assays at at least six different 
concentrations. The IC,, values were calculated by probit 
analysis. 
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