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(m, 1 H, J = 7 Hz, CHMe2), 4.25 (q, 2 H, J = 7.2 Hz, C02Ctf2), 
4.35 (dd, 1 H, J = 7.6, 2.0 Hz, H-4), 4.46 (dd, 1 H, J = 7.6, 7.0 
Hz, H-5), 6.95 (d, 1 H, J = 2.0 Hz, H-2); 13C NMR (CDC13) 5 14.1, 
17.2, 32.18, 61.6, 70.1, 86.46, 156.67, 171.08. 

(±)-£hreo-JV-Methyl-/J-hydroxyleucine (10). To a stirred 
solution of oxazoline 8 (1.0 g, 4.6 mmol) in dry Et20 (4 mL) at 
0 CC was added methyl triflate (1.06 g, 6.5 mmol) via a syringe. 
The reaction mixture was stirred at room temperature for 1 h 
under N2 atmosphere and then diluted with ether (15 mL), and 
H20 (15 mL) was added. The aqueous layer was separated and 
diluted with concentrated HC1 (3 mL). The mixture was refluxed 
for 15 h and then concentrated. The oily orange hydrochloride 
salt 10 was purified by ion-exchange chromatograhy over a basic 
ion-exchange resin (Dowex-1, hydroxide form) column, eluting 
with H20 and 0.2 N acetic acid. Fractions containing the product 
were pooled and lyophilized to give 10 (0.48 g, 64%) as an off-white 
powder. Recrystallization from aqueous acetone gave white 
needles: mp 238-240 °C dec; TLC (solvent C) fyO.46; IR (KBr), 
1616 cm"1; *H NMR (D20) 8 0.96 (d, 3 H, J = 6.5 Hz, CHCH3CiJ3), 
0.97 (d, 3 H, J = 6.9 Hz, CHC#3CH3), 1.83 (m, 1 H, CflMe2), 2.74 
(s, 3 H, A7-CH3), 3.57 (d, 1 H, J = 7.2 Hz, H-2), 3.69 (dd, 1 H, 
J = 7.2, 5.1 Hz, H-3); 13C NMR (D20) 5 18.47, 21.67, 32.83, 35.32, 
69.94, 77.63,174.60. Anal. Calcd for C7Hi5N03: C, 52.15; H, 9.40; 
N, 8.69. Found: C, 52.0; H, 9.22; N, 8.62. 

JV,0-Isopropylidene-iV-methyl-#-hydroxyleucine ( l ie) . 
A suspension of threo-dWV-methyl-0-hydroxyleucine [(Me-
Leu(3-OH)] (0.08 g, 0.49 mmol) in dry acetone (50 mL) was 
refluxed for 24 h (in the presence of N2 atmosphere) until a clear 
solution was obtained. The solvent was concentrated to 0.5 mL 
and was used as such in the next step. 

iV,0-Isopropylidene-MeLeu(3-OH)-Abu-Sar-MeLeu-
Val-MeLeu-Ala-OBzl (14c). The above residue of l i e was 
diluted with dry THF (5 mL), and iV-methylmorpholine (0.55 mL, 
0.5 mmol) was added. This solution was cooled to 0 °C, and a 
solution of hexapeptide 16b (0.28 g, 0.4 mmol) in THF (3 mL) 
followed by 1-hydroxybenzotriazole (HOBT) (0.15 g, 1 mmol) and 
DCC (0.13 g, 0.6 mmol) was added. The reaction mixture was 
stirred at 0 °C for 4 h and 36 h at room temperature. The reaction 
mixture was cooled, filtered, evaporated to dryness, and worked 
up as for 16a. The crude product was purified on a silica gel 
column using chloroform-methanol (99:1) as eluant, to give pure 
heptapeptide 14c as oil: yield 0.28 g (73%); *H NMR (CDC13) 

Some highly potent and selective antagonists of the 
antidiuretic and vascular effects of the nonapeptide ar-
ginine-vasopressin (AVP) have been described.1"7 These 
antagonists were derived by modification of amino acid 
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multiple conformers <5 0.7-1.08 (m, 27 H, CH3 of Abu, MeLeu, 
Val, MeLeu (3-OH), 1.2 (s, 6 H, CH3 isopropylidene), 1.33 (d, 3 
H, Ala-CH3), 1.40-1.50 (m, 10 H, Abu, MeLeu, 0-CH2) MeLeu-
T-CH, Val /J-CH), 2.18-3.23 (6 major s inside m, 13 H, N-Me and 
Sar a-CH), 3.34 (t, 1 H, a-CH), 3.5-5.27 (series of m, 8 H, a-CH 
and benzyl CH2), 6.49 (d, 1 H, NH), 6.62 (d, 1 H, NH), 7.35 (s, 
5 H, ArH), 7.8-8.1 (m, 1 H, NH). 

JV-MeLeu(3-OH)-Abu-Sar-MeLeu-Val-MeLeu-Ala-OBzl. 
The protected peptide 14c (0.18 g, 0.2 mmol) was stirred at room 
temperature in a solution of MeOH-1 N HC1 (2:1) for 15 h under 
a N2 atmosphere. The reaction mixture was concentrated and 
water (4 mL) added. The aqueous layer was basified with 
NaHC03 solution, and the oily material separated out was ex­
tracted with CHC13 (2 X 10 mL). The organic layer separated 
and washed with NaCl solution, dried (Na^OJ, and concentrated 
to give N-deprotected heptapeptide in 85% yield. *H NMR 
showed the loss of the isopropylidene group. 

Biological Methods. Female, 4-5-week-old BALB/c mice 
were obtained from Harlan Sprague-Dawley, Indianapolis, IN, 
and were maintained in our laboratories until used. Murine 
single-cell thymocyte suspensions were prepared as described 
previously.22 Briefly, excised thymus tissue was minced, pressed 
through wire mesh with a syringe barrel, and centrifuged at 200g 
for 3 min, and the cells were washed IX with media and dis­
tributed into 96 well microtiter plates (106 cells/well) in a final 
volume of 250 fiL. Con A was added to the cell suspension at a 
final concentration of 1 /jg/mL. Inhibitors were added in 5 nL 
of 25% EtOH (controls received 5 ML of 25% EtOH alone). In 
these experiments, Dulbecco's MEM-Hams F12 (1:1, v/v) media 
containing 5 ng/L of insulin, 5 ng/L transferrin, and 5 pg/L of 
selenium was used in place of EHAA media with mouse serum. 
The level of mitogenic activation was determined at 24 and 48 
h by pulsing with [3H]thymidine for 12 h, followed by harvesting 
and measurement of cellular [3H]-TdR incorporation by scin­
tillation counting as described previously.22 
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residues at various positions of AVP. In an effort to de­
termine the miniumum structural requirements for anti-

(1) Sawyer, W. H.; Pang, P. K. T.; Seto, J.; McEnroe, M.; Lam-
mek, B.; Manning, M. Science (Washington, D.C.) 1981, 212, 
49. 

(2) Manning, M.; Lammek, B.; Kalodziejczyk, A. M.; Seto, J.; 
Sawyer, W. H. J. Med. Chem. 1981, 24, 701. 

Potent Vasopressin Antagonists Lacking the Proline Residue at Position 7 
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As part of a program to design potent antidiuretic vasopressin antagonists and to define the minimum effective 
pharmacophore requirements for vasopressin (VP) antagonist activity, we studied the importance of the C-terminal 
tripeptide of a previously reported peptide antagonist of arginine-vasopressin (AVP, 1). The proline residue at position 
7 in AVP is proposed to impart a conformational constraint to the peptide backbone that is essential for V2-receptor 
agonist activity. Since the structure-activity relationships for VP agonists and antagonists are different, we investigated 
the effect of proline on antagonist activity, by synthesizing analogue 3 lacking this residue. This analogue was found 
to retain a high degree of antidiuretic antagonist activity. Since deletion of the Gly residue at position 9 of the 
antagonist did not adversely affect VP antagonist potency, several vasopressin antagonist analogues (4-7 and 9) 
that lacked both the Pro and Gly residues were also studied. These, too, were found to block vasopressin V2-receptor 
activity. Our results indicate that neither the proline nor glycine residues are essential for antagonism of the V2 
receptor. 
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Table I. Vasopressin V2-Receptor Antagonist Activity: Table II. Vasopressin V2-Receptor Agonist Activity: 

Pmp-D 

no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tyr(Et)-Phe-Val-Asn-Cys-X° 

X 

Pro-Arg-Gly-NH2
c 

Pro-Arg-NH2 
Arg-Gly-NH2 
Arg-NH2 
Lys-NH2 
D-Arg-NH2 
Harg-NH2 
Arg-Gly-OH 
Arg-OH 

^ b i n d > 

12 
12 
13 
9.1 

26 
4.4 

31 
45 
25 

Kit
c nM 

6.4 
3.9 
2.7 
2.5 
5.8 
1.2 

13 
41 
23 

ED3oo,'i Mg/kg 
11 
9 

23 
58 
59 
28 

193 
88 

150 
" Abbreviations: Pmp, /5-mercapto-/3,/S-pentamethylenepropionic 

acid: D-Tvr(Et) is D-tvrosine ethyl ether. All amino acids are in the 

X-Tyr-Phe-Val-Asn-Cys-Ya 

no. X Y 
10 Mpr Arg-Gly-NH2 

11 Mpr Arg-NH2 

Cys Pro-Arg-Gly-NH2(AVP) 
Cys Pro-Lys-Gly-NH2(LVP) 

^bind> 

nM 
11000 

15300 

4.2 
5.2 

K„c nM 
partial agonist 

with relative 
Vmai of 17% at 
3 X 10'5 Md 

partial agonist 
with relative 
Vmal of 8% at 
3 X 10~6 M 

0.67 
1.0 

L configuration unless otherwise noted. b.Kbind is a measure of the 
affinity of ligand for receptor in the porcine renal medullary 
membrane. It is derived from the equation for competitive inhib­
ition Kb = IC5o/(l + L/KD)n where ICso is the concentration of the 
ligand for 50% inhibition of [3H]LVP binding, L is the concentra­
tion of the ligand, and KD is the dissociation constant of [3H]LVP. 
cKj is the inhibition constant measured for inhibition of LVP-
stimulated adenylate cyclase of pig kidney medullary membrane 
and is derived from the equation for competitive inhibition as de­
scribed.16 Mean of triplicate determinations. dED300 is the dose 
(Mg/kg) required to decrease urine osmolality in rats from the hy-
dropenic levels (~1500 mOsm/kg of H20) to 300 mOsm/kg of 
H20. e Compound 1 has been described in ref 3 as a potent an­
tagonist in anesthesized rat model; the data presented for 1 in the 
table is generated in our laboratories for comparison. 

diuretic antagonist activity and to design small, potent 
molecules, we investigated the significance of the C-ter-
minal tripeptide (Pro-Arg-GlyNH2)

8 of a potent antagonist 
1 (Table I), originally described by Manning et al.3 In­
dependent studies in our laboratories9 as well as those of 
Manning et al.10 revealed that the Gly at position 9 in 1 
can be deleted with retention of potent antagonist activity 
(cf. 2). To the contrary, removal of the glycinamide from 
the carboxy terminus of AVP drastically reduces its po­
tency.11 In the model proposed by Walter et al.12 for the 
biologically active conformation of vasopressin agonists at 
the renal V2 receptor, the proline at position 7 is proposed 
to play a key role in the orientation of the tripeptide tail 
with respect to the cyclic hexapeptide ring and is proposed 
to be an important binding element by virtue of its ex­
posure as a corner residue in a /3 turn. Since we have 
shown that the pharmacophore requirements at the renal 
V2 receptor differ for vasopressin agonists and antago-

(3) Manning, M.; Olma, A.; Klis, W. A.; Kolodziejczyk, A. M.; Seto, 
J.; Sawyer, W. H. J. Med. Chem. 1982, 25, 45. 

(4) Manning, M.; Lammek, B.; Kruszynski, M.; Seto, J.; Sawyer, 
W. H. J. Med. Chem. 1982, 25, 408. 

(5) Manning, M.; Klis, W. A.; Olma, A.; Seto, J.; Sawyer, W. H. J. 
Med. Chem. 1982, 25, 414. 

(6) Manning, M.; Olma, A.; Klis, W. A.; Seto, J.; Sawyer, W. H. J. 
Med. Chem. 1983, 26, 1607. 

(7) Manning, M.; Nawrock, E.; Misicka, A.; Olma, A.; Klis, W. A.; 
Seto, J.; Sawyer, W. H. J. Med. Chem. 1984, 27, 423. 

(8) A preliminary account of this work has been presented as a 
communication by huffman et al: Huffman, W. F.; Ali, F. E.: 
Bryan, W. M.; Callahan, J. F.; Moore, M. L.; silvestri, J. S.: 
Yim, N. C. F.; Kinter, L. B.; McDonald, J. E.; Shue, D. A.: 
Stassen, F. L.; Heckman, G. D.; Schmidt, D. B.; Sulat, L. J. 
Med. Chem. 1985, 28, 1759. 

(9) Huffman, W. F.; Moore, M. U.S. Patent 4 469679, 1984. 
(10) Manning, M.; Olma, A.; Klis, W. A.; Kolodziejczyk, A.; Naw-

rocka, E.; Misicka, A.; Seto, J.; Sawyer, W. H. Nature (Lon­
don) 1984, 308, 652. 

(11) du Vigneaud, V.; Lawler, H. C; Popenoe, E. A. J. Am. Chem. 
Soc. 1953, 75, 4880. 

(12) Walter, R.; Smith, S. W.; Mehta, P.; Boonjarern, S.; Arruda, 
J.; Kurtzman, N. Disturbance in Body Fluid Osmolality; An-
dreali, T., Grantham, J., Rector, , F., Jr., Eds.; American 
Physiological Society: Bethesda, MD, 1977; pp 1-36. 

"Abbreviation: Mpr, #-mercaptopropionic acid. 6Kbind as iden­
tified in footnote b, Table I. cKa is the adenylate cyclase activa­
tion constant in the porcine renal medullary preparation. 
d Relative VmM is the maximum stimulation obtained by the com­
pound divided by the Vmax reached by LVP, multiplied by 100. 

nists,13 a similar observation for other hormones have been 
documented,14 a study was undertaken to determine if the 
proline residue is critical for antagonist activity. In order 
to address this question several peptide analogues, i.e., 3-9 
(table I) as well as two agonist analogues 10 and 11 (Table 
II), all of which lack the Pro residue or both the Pro and 
Gly residues, were prepared.15 In this paper the synthesis 
and preliminary in vitro (pig) and in vivo (rat) pharma­
cological properties of these peptides are reported. 

Peptide Synthesis 
The protected peptide precursors required for the syn­

thesis of each of the peptides 2-11 with the exception of 
7 were prepared entirely by the solid-phase method of 
peptide synthesis17'18 on either benzhydrylamine resin for 
the C-terminal amides or chloromethylated resin for the 
C-terminal acid. The homoarginine analogue 7 was pre­
pared by converting the €-amino group of the Lys analogue 
5 to a guanidino group by use of aqueous O-methylisourea 
at pH 10.19 The [(4-methylbenzyl)thio]-0,/3-penta-
methylenepropionic acid and the Boc-D-Tyr ethyl ether 
were synthesized according to published procedures.20,21 

Couplings of all the protected dicyclohexylcarbodiimide 
activated amino acid were facilitated by the addition of 
1-hydroxybenzotriazole (HOBT). Cleavage of the peptides 
from the resin, with simultaneous deprotection of the 
side-chain protecting groups, was achieved with use of 
anhydrous HF. The deblocked disulfhydryl compounds 
were oxidatively cyclized with dilute aqueous K3Fe(CN)6. 
The peptides were purified by either counter-current 
distribution (CCD) or partition column chromatography 

(14) 

(13) Moore, M.; Huffman, W. F.; Roberts, G.; Rottschaefer, S.; 
Sulat, L.; Stefankiewicz, J.; Stassen, F. Biochem. Biophys. Res. 
Commun. 1984, 121, 878. 
(a) Hruby, V. J. Topics in Molecular Phramacology; Burgen, 
A. S. V., Roberts, C. C. K., Eds.; Elsevier: Amsterdam, 1981; 
pp 99-126. (b) Hruby, V. J.; Mosberg, H. I.; Sawyer, T. K.; 
Knitted, J. J.; Rockway, T. W., Ormberg, J.; Chan, W. Y.; 
Hadley, M. E. Biopolymers 1983, 22, 517. 

(15) Ali, F. E.; Huffman, W. F. U.S. Patent 4481193 and 4481194, 
1984. 

(16) Cheng, Y. C; Prusoff, W. H. Biochem. Pharmacol. 1973, 22, 
3099. 

(17) Merrifield, R. B. J. Am. Chem. Soc. 1963, 85, 2149. 
Merrifield, R. B. Biochemistry 1964, 3, 1385. 
(a) Wojciechwsak, H.; Zgoda, W.; Borowski, E. Acta Biochem. 
Polonica 1982, 29, 197. (b) Kimmel, J. Methods Enzymol. 
1967, 11, 584. 
Yim, N. C. F.; Huffman, W. F. Int. J. Pept. Protein Res. 1983, 
21, 568. 

(21) Mendelson, W. L.; Tickner, A. M.; Lantos, I. J. Org. Chem. 
1983, 48, 4127. 

(18) 
(19) 

(20) 
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followed by gel filtration on Sephadex G-15 and prepara­
tive HPLC on reversed-phase C-18 if necessary. All pep­
tides were homogeneous by HPLC and TLC, and their 
structures were confirmed by FAB mass spectrometry and 
amino acid analysis. 

Bioassay Methods 

Peptides 1-11 were tested in vitro as previously de­
scribed22 for vasopressin V2-receptor binding and antago­
nist activity on the pig renal medullary membrane prep­
arations. Affinity for the receptors was determined by 
measuring the binding and is expressed as Kbind. The 
antagonist activity for analogues 1-9 was determined by 
their ability to inhibit LVP-stimulated adenylate cyclase 
in the same preparation and is expressed as the inhibition 
constant K{. Agonist activity was determined by the ability 
of the peptides to activate adenylate cyclase and is ex­
pressed as Ka. The in vivo evaluation for the antagonists 
1-9 was carried out as described23,24 with use of the hy-
dropenic rat model. Briefly, groups of male rats were 
deprived of food and water overnight to establish a stable 
hydropenic state, characterised by elevated plasma vaso­
pressin levels and new maximal urine concentrating ability 
(urine osmolality ~1500 mOsm/kg of H 20) . 2 4 On the 
morning of the study, rats were housed in individual me­
tabolism cages (four rats/cage) and administered vehicle 
or one of four doses of antagonist. Urine volume and 
osmolality (Uosm) were determined, and dose-response 
relationships for dilution of Uosm were developed. Po­
tency was expressed as the effective dose (ED, jug/kg) 
required to dilute Uosm from hydropenic levels to plasma 
osmolality levels (300 mOsm/kg of H20), the level of Uosm 
at which the renal free water clearance switches from a 
net negative to a net positive value (e.g., water diuresis). 
Potency values presented represent average based upon 
one to three full dose-response relationships per peptide. 
One analogue, 2, has been evaluated in >3 times and its 
ED30() was 8.7 ± 1.2 (mean ± SEM, n = 9). 

Resul ts and Discuss ion 

The V2-receptor affinity and antagonist activities of 
peptides 1-9 are presented in Table I. The affinity and 
agonist activity of analogues 10 and 11 are presented in 
Table II. As indicated in Table I, single deletions of the 
Gly and the Pro residues from 1 gave analogues 2 and 3, 
which displayed potent antagonist activity both in vitro 
and in vivo. Simultaneous deletion of both the Gly and 
the Pro residues from the antagonist 1 resulted in ana­
logues 4 and 5, which have activity comparable to that of 
1. In contrast, deletion of the Pro residue or the Pro and 
Gly residues from the agonist AVP resulted in analogues 
10 and 11 (Table II), which exhibited a greater than 
1000-fold loss of affnity for the porcine V2 receptor relative 
to AVP and LVP. These results imply tha t the presence 
of the Pro residue at position 7 in AVP is clearly important 
for binding and activation of the porcine V2 receptor 
whereas it is not necessary for V2-receptor antagonistic 
activity. Peptide 6, which is the D-antipode of the L-ar-
gininamide 4 was prepared in an at tempt to enhance en-

(22) Stassen, F. L.; Erickson, R. W.; Huffman, W. F.; Stefankiewicz, 
J.; Sulat, L.; Wiebelhaus, V. D. J. Pharmacol. Exp. Ther. 1982, 
223, 50. 

(23) Stassen, F.; Bryan, W.; Grous, M.; Kavanaugh, B.; Shue, D.; 
Wiebelhaus, V. D.; Yim, N.; Kinter, L. The Neuro-hypophysis: 
Structure, Function and Control; Cross, B., Leng, G., Eds.; 
Elsevier: Amsterdam, 1983; vol. 60, p 345. 

(24) Kinter, L.; Huffman, W.; Wiebelhaus, V.; Stassen, F. Diuretics: 
Chemistry, Pharmacology and Clinical Applications; Pus-
chett, J., Ed.; Elsevier: New York, 1984; pp 72-81. 

zymatic stability; analogue 6 exhibited antagonist activity 
similar to tha t of 4 (see Table I). 

The importance of side-chain length in analogue 4 was 
probed with analogue 7, which represents insertion of an 
addional methylene unit. The antagonist activity of 7 
appears to be less than the lower homologue 4 (see Table 
I). This suggests tha t the length of the side chain of the 
basic amino acid may be important for interaction with 
the receptor. 

To probe the importance of the C-terminal amide group 
on antagonist activity, analogues 8 and 9, lacking the C-
terminal amide, were prepared. These molecules, while 
still retaining significant antagonist activity, appeared to 
be less potent than their carboxamide counterparts (3 and 
4). 

In conclusion, we have shown tha t neither the Pro nor 
the Gly residue in the tripeptide tail of 1 appears essential 
for potent antidiuretic antagonist activity. Thus an ef­
fective pharmacophore for vasopressin V2-receptor an­
tagonist can be presented by molecules simultaneously 
lacking both the Pro and Gly residues. In contrast, dele­
tion of Pro in AVP results in substantial loss of agonist 
activity. Finally, these results continue to support our 
hypothesis tha t the pharmacophore requirements for 
agonists and antagonists are different. 

Experimental Sect ion 
The protected peptide resin intermediates required for the 

synthesis of peptides 2-11, with the exception of 7, were syn­
thesized by the solid-phase method17,18 on either benzhydrylamine 
resin for the C-terminal amides or chloromethylated resin for the 
C-terminal acid. Benzhydrylamine resin (BHA, 1% cross-linked 
S-DVB, 200-400 mesh, ~1.0 mequiv/g) was synthesized according 
to an improved procedure.25 Chloromethylated resin (1% 
cross-linked S-DVB, 200-400 mesh, 1.0 mequiv/g) was obtained 
from Aldrich Chemical Co. Boc-Arg(Tos)-6-Bzl-resin (1% 
cross-linked S-DVB, 0.35 mequiv/g) was obtained from Peninsula 
Laboratories. Amino acid derivatives were supplied by Peninsula 
Laboratories or Chemalog Inc. Solvents and reagents were 
analytical grade, methylene chloride (CH2C12) was HPLC grade, 
dimethylformamide (DMF) was filtered from molecular sieves 
(4 A) prior to its use, and trifluoroacetic acid (TFA) used for HPLC 
was redistilled prior to its use. The yield of pure peptides was 
not optimized. Greater emphasis was given to obtaining high 
purity, which resulted in decreased yields. When counter-current 
distribution (CCD, Graig-Post, 240 transfer)26 or partition column 
chromatography (Sephadex G-25) were used for purification, 
1-butanol-acetic acid-water (B:A:W, 4:1:5, v/v) solvent system 
was used. Purity and homogeneity of the peptides were routinely 
checked by high-performance liquid chromatography (HPLC) and 
thin-layer chromatography (TLC). HPLC was performed with 
4.5 mm X 25 cm Altex Ultrasphere 5 M ODS column for analytical 
work and 10 mm X 25 cm column for preparative work with UV 
detection at 220 nm. The following solvent system was used for 
HPLC: acetonitrile-water containing 0.1% TFA (20:80 to 50:50 
in gradient or 40:60 in isocratic runs unless otherwise noted). TLC 
was on precoated silica gel (0.25 mm; 5 X 20 cm, E. Merck) and 
developed in one of the following solvent systems: A, 1-buta­
nol-acetic acid-water-ethyl acetate (B:A:W:E, 1:1:1:1, v/v); B, 
1-butanol-acetic acid-water (B:A:W, 4:1:5, v/v (upper phase)); 
C, 1-butanol-acetic acid-water-pyridine (B:A:W:P, 15:3:3:10, v/v). 
Loads of 10-20 Mg were applied, and chromatograms were min­
imum length of 10 cm. Spraying with clorox (10%) and Kl-starch 
(1%) solutions was used for detection. For amino acid analysis, 
peptides (~1.0 mg) were hydrolyzed for 18 h at 110 °C with 
concentrated hydrochloric acid-propionic acid (1:1, v/v, 1-2 mL) 
in evacuated and sealed ampules. The analyses were performed 
with a Kontron Liquimat HI automatic amino acid analyzer. FAB 

(25) Bryan, W. M. U.S. Patent 4478984, 1984. 
(26) King, T. P.; Craig, L. C. Methods of Biochemical Analysis; 

Glick, D., Ed; Interscience: New York, 1962; Vol. 10, pp 
201-228. 
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Table III. Physicochemical Properties of Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-X Antagonists (1-9) 

no. 

2 
3 
4 
5 
6 
7 
8 
9 

X 

Pro-Arg-NH2 

Arg-Gly-NH2 

Arg-NH2 

Lys-NH2 

D-Arg-NH2 

Harg-NH2 

Arg-Gly-OH 
Arg-OH 

formula 

C61H74Ni2O l0S2 

C48H7oNi2OioS2 
C ^ H O T N U O J S J 
C46H67N9O9S2 
C46H67N110gS2 

C47H69NU09S2 

C48H69NHOHS2 
C46HegN1o01oS2 

FAB 
(M + H)+ 

1079 
1039 
982 
954 
982 
996 

1040 
983 

Asp 

1.09 
1.00 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 

Pro 

1.37 

Gly 

1.00 

1.08 

amino 

Cys 

0.42 
0.56 
0.37 
0.43 
0.40 
0.47 
0.43 
0.27 

1 acid analysis 

Val 

1.00 
0.96 
1.00 
0.98 
1.01 
0.91 
1.03 
0.95 

Tyr" 
0.61 
0.70 
0.65 
0.55 
0.62 
0.18e 

0.46 
0.55 

Phe 

1.17 
0.96 
0.91 
0.98 
1.09 
0.85 
1.07 
0.99 

Lys 

1.01 

Arg 

1.00 
0.96 
1.00 

1.12 
1.04 
0.98 
1.07 

A" 

0.64 
0.60 
0.63 
0.70 
0.65 
0.62 
0.60 

R, 

Bc 

0.4 

0.52 
0.36 
0.49 
0.50 
0.38 
0.27 

C 

0.55 

"This is the ratio of hydrolyzed deethylated Tyr from Tyr(Et), the low values observed here due to the presence of incomplete deethy-
lation of Tyr(Et) which was observed in amino acid analysis. b The solvent system A is described in the Experimental Section. c The solvent 
system B is described in the Experimental Section. ''The solvent system C is described in the Experimental Section. "Substantial amount 
of Tyr(Et) was observed. 

Table IV. Physicochemical Properties of Mpr-Tyr-Phe-Val-Asn-Cys-X Agonist (10 and 11) 

no. 

10 
11 

X 

Arg-Gly-NH2 

Arg-NH2 

formula 

C4iH68N12O10S2 

C39H66N1109S2 

FAB 
(M + H)+ 

943 
886 

Asp 

0.99 
1.00 

Gly 

1.00 

amino acid analysis 

Cys Val Tyr" 

0.54 1.01 0.72 
0.21 1.03 0.60 

Phe 

0.88 
0.85 

Arg 

0.94 
0.98 

A 

0.60 
0.58 

R, 

B C 

0.55 
0.54 

"See footnote a, Table IV. 

mass spectrometry was performed by the Analytical, Physical and 
Structural Chemistry Department of Smith Kline & French 
Laboratories on the VG ZAB high-resolution spectrometer. 
FABMS gave a strong molecular ion peak cluster at (m + H)+ 

of each peptide as well as (M - H)~ in the negative ion spectra. 
Fragmentations of the molecules and the iminium ions of the form 
H2N+=CHR (where R = an amino acid side chain) were also 
observed. The protected peptide-resin intermediates prior to 
coupling of the ^-[(4-methylbenzyl)thio]-/3,|8-pentamethylene-
propionic acid (Pmp-4-MeBzl) or /3-[(4-methylbehzyl)thio]-
propionic acid (Mpr-4-MeBzl) were subjected to Edman degra­
dation for detection of deleted peptides on the automated se­
quencer (Sequemat mini 15).27 The physicochemical data for 
peptides 2-11 are shown in Tables III and IV. 

Pmp(4-MeBzl)-D-Tyr(Et)-Phe-Val-Asn-Cys-(4-MeBzl)-
Arg(Tos)-Gly-BHA-R (12). Boc-Gly-BHA-R was prepared by 
the symmetrical anhydride method28 of (Boc-Gly)20 on BHA-resin 
(1.0 mmol/g) in DMF for 2 h to' give a loading of Boc-Gly-BHA-R 
of 0.95 mmol/g by amino acid analysis. It was subjected to seven 
cycles of deprotection with 50% TFA-CH2C12 (v/v), neutralization 
with 7% N^V-diisopropylethylamine (DIEA-CH2C12, v/v), and 
coupling with protected amino acids.17,18 The protected amino 
acids (3.0 mmol) were activated with dicyclohexylcarbodiimide 
(DCC, 3.0 mmol), and coupling was facilitated by the addition 
of N-hydroxybenzotriazole (HOBT, 6.0 mmol). /3-[(4-Methyl-
benzyl)thio]-/3,/3-pentamethylenepropionic acid (Pmp-4-MeBzl) 
was activated with DCC (3.0 mmol), and coupling was facilitated 
with 4-(dimethylamino)pyridine (DMAP,3.0 mmol). All coupling 
steps were carried out in DMF-CH2C12 solvent mixture for 2-4 
h, using either an automated peptide synthesizer (Beckman 990B) 
or manual shaker. Completion of the coupling reactions was 
monitored by the ninhydrin test.29 A general protocol used for 
each coupling on the resin was as follows: (1) wash with CH2C12 
(three times, 1 min), (2) prewash with TFA-CH2C12 (1:1, v/v, 1 
min), (3) deprotection with TFA-CH2C12 (1:1, v/v, 20 min), (4) 
wash with CH2C12 (six times, 1 min), (5) prewash with DIEA-
CH2C12 (7%, v/v, 1 min), (6) neutralize with DIEA-CH2C12 (7%, 
v/v, 8 min), (7) wash with CH2C12 (four times, 1 min), (8) couple 
protected amino acid (3 mmol), HOBT (6.0 mmol) in DMF-CH2C1 

(27) (a) Birr, C; Frank, R. Fed. Eur. Biochem. Soc. 1975,55, 61, 68. 
(b) deVries, J. X.; Frank, R.; Birr, C. Fed. Eur. Biochem. Soc. 
1975, 55, 65. 

(28) (a) Chen, F. M. F.; Kuroda, K.; Benoiton, N. L. Synthesis 
1978, 928. (b) Chang, C. D.; Meinhofer, J. Int. J. Pept. Protein 
Res. 1978, 11, 246. 

(29) (a) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. J. 
Anal Biochem. 1970, 34, 595. (b) Sarin, V. K.; Kent, S. B. H.; 
Tam, J. P.; Merrifield, R. B. Anal. Biochem. 1981, 117, 147. 

(30) Gisin, B. F. Helv. Chim. Acta 1973, 56, 1476. 

mixture, followed by DCC (3.0 mmol) for 2-4 h, (9) wash with 
DMF two times, 1 min), (10) wash with ethanol-CH2Cl2 (1:1, v/v, 
three times, 1 min), and (11) wash with CH2C12 (four times, 1 min). 
The protected peptide-resin intermediate was washed with a series 
of solvents and dried in vacuo. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Arg-Gly-NH2 (3). The 
protected peptide-resin intermediate 12 (2.0 g) in anisole (2.5 mL) 
was cleaved and deprotected with anhydrous liquid HF, 25 mL 
at 0 °C for 1 h, using Teflon Kel-F vacuum line in the hood. The 
HF was evaporated and the residue was treated with anhydrous 
ether to eliminate anisole and byproducts. The crude peptide 
was extracted from the resin with degassed DMF (50 mL) and 
acetic acid (HOAc, 33%, 50 mL) into 4 L of degassed water. The 
aqueous diluted disulfhydryl octapeptide was oxidatively cyclized 
with use of 0.01 M potassium ferricyanide solution at pH 7.2 until 
color persisted for 30 min. After the completion of the oxidation 
reaction, the pH of the solution was adjusted to 4.5 with use of 
glacial HOAc. This solution was passed through a weakly acidic 
cation-exchange resin (Bio-Rex 70, 50-100 mesh, 2.5 X 12 cm 
column). The column was eluted with pyridine-acetate buffer 
(pyridine-HOAc-H20, 30:4:66, v/v). The pyridine acetate was 
removed by distillation in vacuo, and the residue was lyophilized 
from 10% HOAc to give 420 mg (42.6%) of partially purified 
peptide. It was purified (250 mg) on CCD followed by preparative 
reverse-phase isocratic HPLC (50 mg) to give 24 mg of pure 
peptide. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Pro-Arg-NH2 (2). The 
protected peptide-resin intermediate Pmp-(4-MeBzl)-D-Tyr-
(Et)-Phe-Val-Asn-Cys(4-MeBzl)-Pro-Arg(Tos)-BHA-R was syn­
thesized from Boc-Arg(Tos)-BHA-R in seven cycles of depro­
tection, neutralization, and coupling similar to that for 12. 
Boc-Arg(Tos)BHA-R was prepared from Boc-Arg(Tos) (3.0 mmol) 
on BHA-resin (1.0 mmol), using DCC (3.0 mmol) and HOBT (6.0 
mmol). Anhydrous HF cleavage-deprotection, oxidative cycli-
zation, and purification by flash chromatography on a C-18 re­
verse-phase column using 50% aqueous CH3CN containing 1% 
TFA as an eluent gave 350 mg of partially purified peptide. 
Further purification on CCD, followed by gel filtration on a 
Sephadex G-15 column using 0.2 M HOAc as an eluent gave 122 
mg of 2. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Arg-NH2 (4). The pro­
tected peptide-resin intermediate Pmp(4-MeBzl)-D-Tyr(Et)-
Phe-Val-Asn-Cys(4-MeBzl)-Arg(Tos)-BHA-R was synthesized 
from Boc-Arg(Tos)-BHA-R in six cycles of deprotection, neu­
tralization, and coupling similar to that for 12. Boc-Arg(Tos)-
BHA-R was prepared from Boc-Arg(Tos) (1.5 mmol) on BHA-
resin (0.5 mmol), using DCC (1.5 mmol) and HOBT (3.0 mmol) 
to give a loading of 0.70 mmol/g. Anhydrous HF cleavage-de­
protection, oxidative cyclization, and purification on Bio-Rex 70 
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gave 80 mg (31%) of partially purified peptide. Purification by 
partition column chromatography followed by preparative re­
verse-phase isocratic HPLC (42 mg) gave 37 mg of 4. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Lys-NH2 (5). The pro­
tected peptide-resin intermediate Pmp(4-MeBzl)-D-Tyr(Et)-
Phe-Val-Asn-Cys(4-MeBzl)-Lys(Cl-Z)BHA-R was synthesized 
from Boc-Lys(Cl-Z)-BHA-R in six cycles of deprotection, neu­
tralization, and coupling similar to that for 12. Boc-Lys(Cl-
Z)-BHA-R was prepared from Boc-Lys(Cl-Z) (3.0 mmol) on BHA 
(1.0 mmol), using DCC (3.0 mmol) and HOBT (6.0 mmol) to give 
a 0.97 mmol/g loading. Anhydrous HF cleavage-deprotection 
and oxidative cyclization followed by purification on Bio-Rex 70 
gave 463 mg (50.3%) of partially purified peptide. Purification 
by partition column chromatography (65 mg) followed by Bio-Gel 
polyacrylamide P2 column using HOAc (0.2 M) as an eluent gave 
15.0 mg of pure 5. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-D-Arg NH2 (6). The 
protected peptide-resin intermediate Pmp(4-MeBzl)-D-Tyr-
(Et)-Phe-Val-Asn-Cys(4-MeBzl)-D-Arg(Tos)-BHA-R was syn­
thesized from Boc-D-Arg(Tos)-BHA-R in six cycles of deprotection, 
neutralization, and coupling similar to that for 12. Boc-D-Arg-
(Tos)-BHA-R was prepared from Boc-D-Arg(Tos) (3.0 mmol) on 
BHA-resin (1.0 mmol), using DCC (3.0 mmol) and HOBT (6.0 
mmol) to give a loading of 0.62 mmol/g. Anhydrous HF cleav­
age-deprotection and oxidative cyclization followed by purification 
on Bio-Rex 70 gave 279 mg (45%) of partially purified peptide. 
Further purification through partition column (150 mg), followed 
by preparative isocratic HPLC (52 mg), gave 41.50 mg of pure 
6. Coinjection of 6 with the L-Arg isomer 4 showed a separation 
of the two diastereomeric peptides. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Harg-NH2 (7). To a so­
lution of O-methylisourea hydrogen sulfate 294 mg (1.7 mmol) 
in H20 (8.0 mL) at pH 10.0 (using 2 N aqueous NaOH) was added 
an aqueous solution of peptide 5 (26.7 mg, 28 fimol) in water (5 
mL). The reaction mixture was stirred at room temperature for 
24 h. The pH of the solution was readjusted to 10 (2 N NaOH) 
every hour for the first 5 h. The progress of the reaction was 
monitored with reverse-phase HPLC to >90% completion. The 
reaction mixture pH was adjusted to 4.5 (1% HOAc), concentrated 
to dryness in vacuo, and purified by preparative isocratic HPL 
to give 18 mg of 7. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-Arg-GlyOH (8). The 
protected peptide-resin intermediate Pmp(4-MeBzl)-D-Tyr-
(Et)-Phe-Val-Asn-Cys(4-MeBzl)-Arg(Tos)-GlyO-Bzl-R was syn­
thesized from Boc-GlyOBzl-R in seven cycles of deprotection, 
neutralization, and coupling. Boc-Gly-OBzl-R was prepared from 

Boc-Gly and chloromethylated resin to an incorporation of 0.58 
mmol/g by cesium salt method.28 Anhydrous HF cleavage-de­
protection, and oxidative cyclization followed by flash chroma­
tography on a C-18 reverse-phase column using 50% aqueous 
CH3CN containing 1% TFA as an eluent gave 938 mg (86%) of 
partially purified 8. Further purification by preparative re­
verse-phase isocratic HPLC (50 mg) using 45:55 CH3CN-H20 
containing 0.1% TFA gave 40 mg of 8. 

Pmp-D-Tyr(Et)-Phe-Val-Asn-Cys-ArgOH (9). The pro­
tected peptide-resin intermediate Pmp(4-MeBzl)-D-Tyr(Et)-
Phe-Val-Asn-Cys(4-MeBzl)-Arg(Tos)-OBzl-R was synthesized 
from Boc-Arg(Tos)-OBzl-R (Peninsula, 0.35 mequiv/g) in six 
cycles of deprotection, neutralization, and coupling. Anhydrous 
HF cleavage-deprotection and oxidative cyclization followed by 
flash chromatography as described for 8 gave 245 mg (25%) of 
partially purified 9. Further purification by preparative isocratic 
HPLC (22 mg) gave 10 mg of pure 9. 

Mpr-Tyr-Phe-Val-Asn-Cys-ArgGly-NH2 (10). The pro­
tected peptide-resin intermediate Mpr(4-MeBzl)-Tyr-Phe-Val-
Asn-Cys(4-MeBzl)Arg(Tos)-Gly-BHA-R was synthesized from 
Boc-Gly-BHA-R in seven cycles of deprotection, neutralization, 
and coupling similar to 12. Boc-Gly-BHA-R was prepared from 
Boc-Gly and BHA-resin to an incorporation of 1.0 mmol/g. 
Anhydrous HF cleavage-deprotection and oxidative cyclization 
followed by flash chromatography as described for the preparation 
of 8 gave 703 mg (51%) of partially purified 10. Further puri­
fication by CCD, followed by gel filtration on Sephadex G-15 (83 
mg) eluted with aqueous HOAc (0.2 M), gave 48 mg of 10. 

Mpr-Tyr-Phe-Val-Asn-Cys-Arg-NH2(11). The protected 
peptide-resin intermediate Mpr(4-MeBzl)-Tyr-Phe-Val-Asn-
Cys(4-MeBzl)-Arg(Tos)-BHA-R was synthesized from Boc-Arg-
(Tos)-BHA-R in six cycles of deprotection, neutralization, and 
coupling. Boc-Arg(Tos)-BHA-R was prepared from Boc-Arg(Tos) 
and BHA-resin to an incorporation of 0.45 mmol/g. Anhydrous 
HF cleavage-deprotection, oxidative cyclization, and purification 
by flash chromatography on C-18 reverse-phase column using 50% 
aqueous CH3CN containing 0.1% TFA gave 12.0 mg of purified 
material. Further purification by preparative reverse-phase 
isocratic HPLC using 70:30 aqueous CH3CN containing 0.1% TFA 
gave 8.0 mg of pure 11. 
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