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A series of new linear photoactivatable and iodinatable antagonists of the neuropeptidic hormone 
vasopressin was designed and synthesized by a combination of PyBOP-mediated Boc/solid-phase 
peptide synthesis and solution synthesis approaches. These were based on modifications of a 
previously reported potent and selective antagonist of the vasopressor response (Via receptor) to 
[arginine]vasopressin)phenylacetyl-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2. (Azidophe-
nyl)alkyl substitutions, of the general structure N3-C6H4(CH2)nCO (n = 0,1,2, or 3), were employed 
in position 1. The seven new analogues are 4-N3-C6H4CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-
Tyr-NH2 (3), 3-N3-C6H4CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2 (12), 4-N3-C6H4CH2-
CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2(13),3-N3-C6H4CH2CO-D-Tyr(Me)-Phe-Gln-
Asn-Arg-Pro-Arg-Tyr-NH2(14),4-N3-C6H4(CH2)2CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NH2 (15), 3-N3-C6H4(CH2)2CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2 (16), 4-N3-C6H4-
(CH2)3CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro- Arg-Tyr-NH2 (17). All analogues were tested for their 
affinity of the rat hepatic Vu receptor. Analogues 3 and 12 have a low affinity (Ki« 20 nM) and 
analogues 13-17 show a high affinity (Ki between 0.04 and 0.3 nM). The affinity values appear 
to be mainly a function of the alkyl chain length and to a lesser extent of the meta or para position 
of the azido group on the aromatic ring. Analogues 13-17 were iodinated on the Tyr-9 residue, 
giving compounds 18-22. All these five iodinated derivatives exhibited K values of 0.2-1 nM for 
rat liver membranes. Their affinities for oxytocin and renal V2 vasopressin receptors were much 
lower. Moreover, all analogues completely antagonized the vasopressin-stimulated inositol 
phosphates production in WRKi cells and were devoided of any agonistic potency. Preliminary 
covalent binding studies showed improved covalent yields as compared to any previously reported 
results. They are very promising candidates as potential high-affinity, highly selective, photosensi­
tive ligands for the Vu receptor. They could serve as useful pharmacological tools for studies on 
the vasopressin binding site. 

Introduction 

Vasopressin (VP) is a neurohypophyseal nonapeptidic 
hormone having a disulfide bridge in positions 1,6. This 
neuropeptide regulates a wide range of cellular functions 
by interacting with two classes of receptors, Vi and V2. 
The Vi receptors are functionally coupled to the phos-
phatidyl-inositol-4,5-bisphosphate phospholipase C. They 
have been divided into two subtypes. The Via subtype is 
found in liver, vascular smooth muscles, platelets, central 
nervous system, and many other peripheral tissues. They 
regulate numerous effects such as glycogenosis, vaso­
constriction, platelet aggregation, and neurotransmission. 
The Vib subtype is found in the adenohypophysis. It has 

' Abbreviations according to the IUPAC-IUB Commission (Eur. J. 
Biochem. 1984,138,9-37) are used throughout. In addition, the following 
abbreviations are used: AVP, [arginine]vasopressin; Boc, tert-butyloxy-
carbonyl; BOP, (lff-l,2,3-benzotriazol-l-yl-oxy)tris(dimethylamino)phos-
phonium hexafluorophosphate; BSA, bovin serum albumin; Bz, benzoyl; 
Deb, 2,6-dichlorobenzyl; DCM, dichloromethane; DIEA, diisopropyl-
ethylamine; DMF, dimethylformamide; MejSO, dimethyl sulfoxide; 
D-Tyr(Me), O-methyl-D-tyrosine; e, molar extinction coefficient; FAB-
MS, fast atom bombardment mass spectrometry; HOBt, hydroxyben-
zotriazole; HPLC, high-performance liquid chromatography; J, coupling 
constant; Ki, dissociation constant; K{, inhibition constant; Kt >ct, inhibition 
constant of vasopressin-induced inositol phosphates accumulation; 
MBHA, methylbenzhydrylamine resin; NOESY, nuclear Overhauser 
spectroscopy; PyBOP, (benzotriazolyloxy)tripyrrolidinophosphonium 
hexafluorophosphate; Phaa, phenylacetyl; Phba, phenylbutyryl; Phpa, 
phenylpropionyl; RP, reverse phase; TFA, trifluoroacetic acid; Tris 
(trishydroxymethyl)aminomethane; TOCSY, total correlation spectros­
copy; Tos, tosyl; Vi„ Vib, V2, vasopressin receptor subtypes; VP, 
vasopressin; VT, vasotocin; Xan, xanthyl. 

* Author to whom correspondence should be addressed. 
t U401 INSERM. 
• Abstract published in Advance ACS Abstracts, May 1, 1994. 

a very low affinity for vasopressin antagonists and it is 
involved in the multifunctional regulation of corticotropin 
release. The V2 receptors are the renal adenylate cyclase-
coupled receptors involved in the antidiuretic effect of 
vasopressin. 

In order to study the function and the pharmacology of 
these receptors, much work has been done in the synthesis 
of radiolabeled AVP analogues with enhanced affinity and 
specificity for both agonists and antagonists. Successive 
improvements were obtained with the following modi­
fications: (i) the elimination of the JV-terminal amino group 
and the introduction of bulky and hydrophobic desamino 
groups at position 1 (increase in affinity),1 (ii) the 
introduction of a second Tyr-residue at position 9 and its 
selective iodination (Tyr-2 iodination being prevented by 
O-alkylation), and (iii) the discovery that a cyclic structure 
was not a requirement for receptor recognition.2 These 
modifications led to the synthesis of a radioiodinated 
vasopressin antagonist specific for Via vasopressin recep­
tors.3 It is a useful tool for studying vasopressin receptor 
localization and characterization. Nevertheless, the bio­
chemical study of these membrane receptors is still limited 
by their scarcity, hydrophobicity, and fragility. In par­
ticular, a problem is that denaturation of the receptor 
during its isolation by solubilization caused a loss in binding 
and activity. Therefore several studies have been directed 
to the use of cross-linking reagents4 or photoreactive 
analogues which can be covalently linked to the receptor.5'6 

Jointly used with a radiolabeled isotope, a biotinyl group,7 

or a fluorescent group,8 the obtained peptide probes would 
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allow a good detection of the receptor, even in its 
denaturated form. 

Despite numerous attempts, there are no efficient 
photoactivatable analogues currently available for vaso­
pressin receptors. Recently, Barbeau et al. reported an 
analogue to have an affinity in the nanomolar range, but 
its covalent yield was not stated.9 Therefore, we were 
interested in synthesizing new efficient photoactivatable 
linear probes to explore the amino acid environment of 
the vasopressin binding site. In order to design rational 
probes, we took into account several important obser­
vations: (i) The iV-terminal sequence of vasopressin is 
important for both binding to the receptor and to 
neurophysin,10 its protein carrier. However, if the terminal 
protonated amino group (NH3+) is structurally necessary 
for the binding of the peptide to neurophysin, Manning 
et al. described that hydrophobic bulky desamino groups 
can increase the affinity of the probe for the receptor.1,11 

On the basis of results obtained from past studies, we 
considered that these groups could fit into a structurally 
defined subsite of the receptor binding site which has a 
particular affinity for hydrophobic groups. Therefore, we 
speculated that high-affinity binding could be partly the 
result of specific interactions between the constitutive 
residues of the subsite and the iV-terminal section of the 
probe, (ii) As higher covalent binding yields would 
probably be obtained with the closer proximity of the 
photoreactive group to the subsite contour, we decided to 
study antagonists containing a photoreactive group specif­
ically at position 1 because previous work established that 
a photoactivatable group at positions 3,4,8, or 9 gave very 
low covalent yields (reviewed in ref 9). (iii) Among several 
photoreactive groups, the azido group was selected because 
its lipophilicity has been well-established by RP-HPLC 
and partition data, (iv) Manning reported that Phaa-D-
Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2 antagonist 
(with Phaa for phenylacetyl) exhibited a high affinity 
which was still preserved after iodination of the Tyr-9; we 
therefore selected this peptide sequence as the basis of 
this present work with the serious hope that our modi­
fications will not affect their relative biological activities. 
Furthermore, the use of antagonists in the receptor labeling 
has many advantages such as slow binding reversibility 
with the receptor, reduced internalization of the probe-
receptor complex,12,13 and no inactivation of the trans­
duction mechanism (G protein). Considering all these 
data, a range of analogues was prepared. Their chemical 
structures, affinities for various vasopressin receptors, 
ability to covalently link vasopressin receptor, and ago­
nistic or antagonistic properties were determined by two-
dimensional NMR, bindings experiments, photoactivation 
of analogue-receptor complexes, and influence on WRKi 
cell inositol phosphates accumulation, respectively. 

Results and Discussion 

A series of vasopressin analogues were synthesized of 
which the general formula is given in Figure 1. Several 
azido aromatic acids were used with different chain lengths 
(ra = 0,1,2, or 3) and with different positions of the azido 
group (para, meta) in order to find the best structure giving 
high covalent linkage yield (see Table 3). In the case of 
efficient photoactivation, such probes would be of great 
interest in a close "mapping" of the receptor antagonist 
binding site by their covalent linking to various residues 
of the pocket. 

Carnazzi et al. 

receptor pocket 
Figure 1. Design of new photoactivatable analogues of vaso­
pressin. Proposed receptor-ligand model based on the hypothesis 
that the receptor pocket has a high affinity for analogues having 
a hydrophobic "head". In order to examine the effect due to the 
structure of this "head" on the affinity, peptide probes were 
designed containing variable methylene spacer units (n = 0,1, 
2, or 3) and the azido group in the m- orp-position of the aromatic 
ring. 

All peptides were prepared by Boc solid-phase peptide 
synthesis which used PyBOP14 as the coupling reagent. 
The 3-(3- and 3-(4-aminophenyl)propionic acids were 
obtained by hydrogenation of the commercially available 
3-nitrocinnamic (3-N02-C6H4CH=CHCOOH) and 4-ami-
nocinnamic acids (4-NH2-CeH4CH=CHCOOH), respec­
tively. The 3- and 4-aminobenzoic, 3- and 4-aminophe-
nylacetic, and (4-aminophenyl)butyric acids were com­
mercially available. All couplings, hydrogenations, azi-
dations,15 and iodinations were monitored by HPLC using 
dual UV wavelength detection at 214 and 254 nm.16 

Derivatives 13-17 were iodinated using IC1 in methanol 
or radioiodinated conveniently just before use. The purity 
of all peptides was assessed by RP-HPLC and their 
structures confirmed by FAB-MS. Since octapeptide 1 
was an important and common peptide segment of all 
azido peptides, its chemical structure was confirmed by 
two-dimensional NMR with all expected spin systems 
being identified in the TOCSY experiment (Figure 2a).17 

The /3/3' chemical shifts of these different systems are 
characteristic of each amino acid family, and assignments 
were mainly performed using sequential NOEs ( a H -
HNj+i, arrows in the Figure 2b, and HN-HN;+i).18 In 
this manner, the signals of the two Arg residues were 
assigned and the peptide sequence confirmed. The side-
chain amide protons were observed but not assigned. All 
chemical shifts are presented in Table 1. The obtained 
NMR data (3JHN-C„H coupling constants and NOEs) 
indicate that the octapeptide has an extended conforma­
tion. The observation of a strong NOE between the Arg-5 
Ha proton with the Pro-6 Hj-Hj' protons suggests a trans 
conformation for the Arg-5/Pro-6 amide bond. 

Affinities of Vasopressin Analogues on the Dif­
ferent Vasopressin Receptor Subtypes. The affinities 
of compounds 3 and 12-22 were determined on purified 
plasma membranes preparations from rat liver19 exhibit­
ing the Via vasopressin receptor subtype. The affinities 
of compounds 18-22 were also determined on membrane 
preparation from rat renal medullary20 and rat mammary 
gland21 exhibiting the V2 vasopressin receptor subtype 
and the oxytocin receptor, respectively. 

Two techniques were used to measure the vasopressin 
analogues affinities: (1) concentration-dependent binding 
inhibition using specific radiolabeled vasopressin or oxy­
tocin probes characterized earlier and (2) concentration-
dependent binding experiments using the radioiodinated 
vasopressin analogues. 
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Panel b) NOESY experiment 

D-TyrfMel'-Phe'-Gln'-Asn'-Arg'-Pro'-Arg'-Tyr'-NH, 

-1 - r - f p p m 

9.0 8.5 8.0 7.5 7.0 ppm g g 8.5 8.0 7.5 7.0 Ppm 

Figure 2. :H NMR spectrum of octapeptide 1 showing the HN-aliphatic region of the spectrum. The residues are numbered as in 
vasopressin. Panel a shows the TOCSY spectrum. All spin systems are identified and assignments are indicated on the ID spectrum. 
Panel b shows the same region of the NOESY spectrum recorded with a mixing time of 300 ms showing the aH-HNj+i sequential 
cross-peaks. They are labeled by two numbers. For example 2-3 means a NOE between the a proton of residue 2 with the amide 
proton of residue 3. The two Arg were assigned in this way. 

Table 1. Proton Resonance Assignments of the Octapeptide H-Tyr2-Phe3-Gln4-Asn5-Arg6-Pro7-Arg8-Tyr9-NH2 in [2H]6Me2SO at 305 K" 
residue 

Tyr2(Me) 

Phe3 

Gin4 

Asn6 

Arg6 

Pro7 

Arg8 

Tyr» 

NH (ppm) 

7.91 

8.80 

8.47 

8.17 
7.92 

8.10 

7.63 

3JHN-C<»H (HZ) 

8.6 

7.8 

7.3 

7.4 

7.9 

Ha (ppm) 

3.94 

4.74 

4.28 

4.58 
4.48 

4.31 

4.12 

4.34 

H ^ (ppm) 

2.73 

2.46 
3.07 
2.71 
1.86 
1.74 
2.44 
1.69 
1.53 
2.01 
1.76 
1.65 
1.51 
2.88 (4.9*) 
2.70 (13.3d) 

others (ppm) 

H w s 6.85; H ( / , 6.77 

OMe, 3.70 
H w , ,H ( / ,H f 7.3-7.0 

HY,y, 2.13; N./Hjj6 

N^W 
H7,y, 1.52; HM<, 3.09 
N« ̂ 2,7.54 
H7,y, 1.86; Hw<, 3.62, 3.50 

HTy, 1.47; Hs,j<, 3.09 
N ( /H2, 7.54 
Hi,?, 6.97; H,,,, 6.63 
OH, 9.16; NHs* 

" The residual signal of [2H]sMe2SO was taken as chemical shifts reference (2.5 ppm). VHN-C^ coupling constants are reported. * The three 
NH2 amide proton pairs are observed at 7.37-6.92; 7.36-7.06 and 7.31-6.85 ppm but not assigned.c 3Jap. d Vw. 

Figure 3 illustrates the concentration-displacement 
curves obtained for derivatives 3 and 12-22 on rat liver 
membranes using [126I]Phaa-D-Tyr(Me)-Phe-Gln-Asn-
Arg-Pro-Arg-Tyr-NH2 as the labeled tracer.3 All analogues 
tested were able to fully inhibit the [125I]Phaa-D-Tyr (Me)-
Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2 specific binding, sug­
gesting that they compete with the same binding sites 
labeled with the radioiodinated analogue. Moreover, the 
concentration-displacement curves exhibit a profile similar 
to each other. The Hill coefficient calculated from these 

experiments varied from 1.0 to 1.2, suggesting a Michaelian 
competition at the binding site level. The affinities of 
each analogue were determined as described in Experi­
mental Section and the statistical values are summarized 
in Tables 2 and 3. 

These data show that, except for compounds 3 and 12, 
all the noniodinated derivatives had a good affinity (if; in 
a range of 0.04 and 0.3 nM) and highlighted the importance 
of the alkyl chain length. The low affinities of analogues 
3 and 12 (K\ values of 20 and 17.8 nM, respectively) are 
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a) non iodlnated derivatives 
- ( 3 ) B z ( 4 N , ) -

(12 )Bz (3N 3 ) -
• — ( 1 3 ) Phaa(4N3 ) -

— - a — . ( 1 4 ) P h a a ( 3 N 3 ) -
• (15)Phpa(4N 3 ) -
O — <16)Phpa(3N3 ) -

— - a . . . ( 1 7 ) P h b a ( 4 N 3 ) -

-11 -10 -9 -8 

log [analogue] (M) 

b) monoiodinated derivatives 
a (18)Phaa(4N 3 ) -

« . . . ( 19 )Phaa(3N 3 ) -

O—.<20)Phpa(4N 3 ) -

• — ( 2 1 ) P h p a ( 3 N 3 ) -

* ( 22 )Phba(4N 3 ) -

-11 -10 -9 -8 - 7 -6 
log [analogue] (M) 

Figure 3. Determination of vasopressin analogue affinities by 
concentration-displacement binding experiments. Rat liver 
membranes were incubated for 45 min in the dark at 30 °C in 
the presence of increasing amounts of unlabeled peptides (KH1 

to 10-7 or 1(H M) and 60 10"12 M of [126I]Phaa-D-Tyr(Me)-Phe-
Gln-Asn-Arg-Pro-Arg-Tyr-NH2 (linear AVP antagonist). Values 
of specific binding measured in the presence of unlabeled peptides 
(B) were expressed as a fraction of the specific binding (Bo) 
measured in the absence of competitor (Bo = 597 ± 73 fmol/mg 
of protein). The apparent dissociation constants (Ki) for the 
nonlabeled peptides were calculated by using the following rela­
tion: Ki = IC50 X Kd.H/(Kd«H + [*H]) i n w h i c h Iceo i s t h e 

concentration of unlabeled peptide leading to half-maximal 
inhibition of labeled antagonist specific binding, Kd«H (0-06 nM) 
is the dissociation constant at the equilibrium of iodinated linear 
AVP antagonist, and [*H] is the concentration of the iodinated 
linear AVP antagonist in the incubation medium. Panel a shows 
representative concentration-displacement curves of compounds 
3 and 12-17. Panel b shows representative concentration-
displacement curves of compounds 18-22. Results are the mean 
± SE of triplicate determinations from a single experiment 
representative of two to seven experiments. When no error bar 
is shown, it is comprised within the symbols. 

Table 2. Chemical and Biochemical Data of the Noniodinated 
Derivatives (Analogues 3 and 12-17) 

compd 

3 
12 
13 
14 
15 
16 
17 

position moiety 

1 

Bz(4-N3) 
Bz(3-Ns) 
Phaa(4-N3) 
Phaa(3-N3) 
Phpa(4-N3) 
Phpa(3-N3) 
Phba(4-N3) 

9 

Tyr 
Tyr 
Tyr 
Tyr 
Tyr 
Tyr 
Tyr 

formula 
(without TFA) 

C61H80O13N20 
C61H80O13N20 
C62H82O13N20 
C62H82O13N20 
C63H84O13N20 
C63HMOI 3N20 
Ce4H860i3N2o 

FAB-MS 
( M + l ) 

1301 
1301 
1315 
1315 
1329 
1329 
1343 

K? (nM) 

20.0 (2) 
17.8 (2) 
0.12 (2) 
0.31 (2) 
0.20 (2) 
0.16 (2) 
0.04 (3) 

" K{. inhibition constants determined from competitive binding 
experiments performed on rat liver membranes (Via receptor subtype). 
The results are the mean values of triplicate determination obtained 
from the number of experiments indicated in parentheses. 

attributed to the rigidity of the azidophenyl moiety due 
to its amide linkage with the peptide. In contrast, the 
higher affinities of the Phaa, Phpa, and Phba derivatives 

(13-17) are attributed to the additional one, two, and three 
methylene units (between the azidophenyl moiety and the 
amide linkage) increasing the flexibility of the azidophenyl 
moiety with respect to the peptide backbone. As the 
affinities of the Phaa and Phpa derivatives were similar 
but lower than that of Phba, we therefore considered that, 
for these series, the alkyl chain length is critical for efficient 
probe-receptor interaction and that, in this case, the one, 
two, and three methylene alkyl chain lengths can be 
accommodated by the binding site (compare compounds 
13 and 14 with 15 and 16 and with 17, Table 2). In addition, 
the minor difference in values observed for compounds 13 
and 14 indicates that the position of the azido moiety (para 
or meta, Table 2) on the phenyl group had no influence 
on the affinity, the Ki only changing from 0.1 to 0.3 mM, 
respectively. Since the iodination of the Tyr-9 residue 
only caused a small decrease in the affinity (see Table 3), 
we hoped that these analogues could be potential candi­
dates for the 125I radiolabeling of the vasopressin receptor 
in high covalent yields. Hence, it is plausible that 
variations in both the alkyl chain length of the azidophe-
nylalkyl group and the aromatic position of the photo-
reactive group will show much promise for obtaining good 
covalent yields as well as for the complete mapping of the 
receptor binding site. The only analogue described to date 
with an azido group in the N-terminal position had a low 
affinity (Ki = 75.4 nM) and was not iodinatable due to a 
lack of a suitable site.9 

Vasopressin analogues 18 and 20-22 were also prepared 
in their 125I radiolabeled form, as described in Experimental 
Section, and their affinities determined directly by testing 
their ability to interact with specific receptors. Figure 4 
shows a typical representation of a Scatchard plot obtained 
with analogue 21 on rat liver membranes. As earlier 
described with [3H]AVP or with [125I]Phaa-D-Tyr(Me)-
Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2, the Scatchard rep­
resentation of the concentration binding experiments was 
linear, suggesting the interaction of labeled analogues with 
a single class of specific vasopressin receptors. The affinity 
obtained by this technique (0.054 nM) was statistically 
similar to the one determined by a concentration-
displacement experiment. Similar experiments were also 
performed with analogues 18,20, and 22 and gave similar 
results (see Table 3). 

The affinities of analogues 18-22 for the rat renal 
vasopressin receptor (V2 subtype) and for the rat mammary 
gland oxytocin receptor were also determined by concen­
tration-displacement experiments in order to study their 
specificity. Results are summarized in Table 3. Analogues 
19 and 21 were rather selective between Vu and V2 
vasopressin receptor subtypes but exhibited similar af­
finities for Via vasopressin and oxytocin receptors. In 
contrast, analogue 20 exhibited similar affinities for Via 

and V2 receptor subtypes and discriminated quite well 
Via vasopressin and oxytocin receptors. Finally, analogue 
22 and, to a lesser extend, analogue 18 exhibited both high 
affinity and specificity for the Via vasopressin receptor 
subtype (0.18-0.59 nM). 

Therefore, if the differences of the affinity of analogues 
18-22 (and previously of analogues 3 and 12-17) for the 
Via vasopressin receptor subtype is mainly due to the alkyl 
chain length, this is not the case for other receptor subtypes. 
As a matter of fact, compounds 18-21 have different 
affinities for the oxytocin receptor that we explain by the 
position of the azido group. From these observations, it 



Azido Linear Vasopressin Antagonists Journal of Medicinal Chemistry, 1994, Vol. 37, No. 12 1845 

Table 3. Chemical and Biochemical Data of the Iodinated Derivatives (Analogues 18-22) 

position moiety 
1 
9 

formula 
(without TFA) 
FAB-MS 
(M + l) 
ifi"(nM) 
Kd (nM) 
Kf (nM) 
Kic(nM) 
/ W ( n M ) 
covalent yieldd(%) 

18 

Phaa(4-N3) 
Tyr(3-I) 

C62H82O13N20I 

1441 
0.59 ± 0.19 (3) 
0.15 (1) 
8(2) 
4.8 ± 1.6 (4) 
0.20 ± 0.1 (4) 
10 

19 

Phaa(3-N3) 
Tyr(3-I) 

C62H82O13N20I 

1441 
1.1 ± 0.85 (3) 
ND 
10(2) 
0.65 (2) 
0.24 ± 0.6 (6) 
15 

20 

Phpa(4-N3) 
Tyr(3-I) 

C63H840l3N2oI 

1455 
0.47 ± 0.1 (7) 
0.19 ± 0.06 (3) 
1.6 (2) 
37.7 ± 14 (4) 
0.11 ± 0.01 (5) 
20 

21 

Phpa(3-N3) 
Tyr(3-I) 

C63H84O13N20I 

1455 
0.27 (2) 
0.054 ± 0.02 (3) 
16(2) 
1.4 (2) 
0.13 ± 0.4 (6) 
21 

22 

Phba(4-N3) 
Tyr(3-I) 

C64H86O13N20I 

1469 
0.18 ± 0.06 (3) 
0.04 ± 0.03 (6) 
3(2) 
18(2) 
0.46 ± 0.4 (4) 

" K[i inhibition constants determined from competitive binding experiments performed on (a) rat liver membranes (Vu receptor subtype), 
(b) rat kidney membranes (V2 receptor subtype), and (c) rat mammary glands (OT receptor). The results are the mean values of triplicate 
determination obtained from the number of experiments indicated in parentheses.b K& dissociation constant determined from concentration-
dependent binding experiments performed on rat liver membranes (Vu receptor subtype).c K act: inhibition constant determined from vasopressin-
induced inositol phosphates accumulation performed on WRKi cell line (Vi, receptor subtype). "* The covalent binding yield was determined 
on rat hepatic Vu vasopressin receptor subtype using the filters method. 

Determination of the Covalent Binding Yield. 
Preliminary covalent binding yields of the probe-receptor 
complexes were determined from experiments performed 
on filters as previously described by Bochet et al.23 Table 
3 shows covalent binding yields of analogues 18-21, ranging 
from 10 to 20%, which are significantly higher than any 
previously published results (1-2%). Increasing the 
number of methylene units (n = 0,1, 2, or 3) between the 
arylazido group and the D-Tyr2(Me) residue improves the 
affinity of the analogues for the Via vasopressin receptor. 
This confirms the existence of a receptor domain that 
tightly binds bulky hydrophobic moieties. This situation 
is particularly favorable to the formation of covalent bonds. 

400 600 8 0 0 1000 1200 

B (fmol/mg proteins) 

Figure 4. Scatchard representation of concentration-dependent 
binding experiment performed with the iodinated analogue 21. 
Rat liver membranes (5 tig) were incubated with an increasing 
concentration of 126I-labeled analogue 21 (F). Specific binding 
(B) was calculated as the difference between total and nonspecific 
binding determined in the presence of a 250-fold excess of the 
corresponding nonradioactive analogue. The results are the mean 
of triplicate values and are representative of three independent 
experiments. 

appears that the selectivity of our analogues for one 
receptor subtype over another is dependent on both the 
alkyl chain length and the position of the azido group. 
Moreover, it seems that the influence due to the position 
of the azido group increases with the alkyl chain length. 

Biological Activities of the Vasopressin Analogues. 
We used a biochemical test to determine the agonist or 
antagonist properties of the vasopressin analogues based 
on the ability of vasopressin agonists to stimulate inositol 
phosphates accumulation in WRKi cells, a tumor cell line 
exhibiting high amounts of Via vasopressin receptors 
tightly coupled with phospholipase C.22 As it is shown in 
Figure 5 (panel a), up to 10-6 M, all analogues tested were 
unable to stimulate inositol phosphates accumulation. 
Thus, they were devoid of any intrinsic agonist activities. 
Yet, they fully antagonized the vasopressin-stimulated 
inositol phosphates accumulation (Figure 5, panel b). 
Inhibition constants of vasopressin-stimulated inositol 
phosphates accumulation (Ki act) could be determined from 
these experiments (see the methods). Statistical values 
obtained for the analogues tested are summarized in Table 
3. A rather good correlation was observed between the 
K act and K; of each analogue tested. Such results validated 
the biological test used to determine the antagonist 
properties of the analogues. 

Conclusion 

We propose a new series of photoreactive and radio-
iodinatable probes to study vasopressin receptors. Most 
of our analogues exhibit a high affinity for vasopressin 
receptors, a rather good selectivity for the Via vasopressin 
receptor subtype, and antagonistic properties. Moreover, 
they were able to establish covalent bonds with the 
vasopressin receptor in unprecedented high yields and 
were susceptible to iodination without loss of affinity. 
Therefore, they are very promising molecules for use in 
the determination of the biochemical properties of the 
receptor (e.g. molecular weight, glycosylation, and hy-
drodynamic properties) as for the complete mapping of 
the receptor binding site. Since the affinity is still 
increasing with the three-methylene-unit derivative, we 
are currently designing new probes containing longer 
chains.24 

Experimental Section 

General. Protected L-amino acids, Boc-D-Tyr(Me)-OH, and 
p-MBHA resin were purchased from either Propeptide, Nova-
biochem, or Bachem, and PyBOP was obtained from Novabio-
chem. Solid-phase peptide synthesis was performed using a 
manual device as previously described26 and used analytical-
grade solvents. The pH of organic solutions during solid-phase 
and segment couplings was checked using moistened pH indicator 
paper. Peptide-resins were deprotected on a Protein Research 
Foundation Kel-F apparatus using HF obtained from Matheson. 
UV spectroscopy grade DMF and Me2SO were used for the 
coupling of the (azidophenyl)alkyl acids to peptides. [3H]sAVP 
was purchased from Dupont NEN. d(CH2)6[Tyr(Me)2,Thr4,-
Orn8,Tyr-NH2

9] VT and Phaa-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-
Arg-Tyr-NH2 were generously provided by Dr. Manning. All 
diazo and azido peptide derivatives were handled in dim light. 



1846 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 12 Carnazzi et al. 

a) agonism 
1401 

(19) Phaa(3N3)-

O-—(20) Phpa(4N3)-

— - A — ( 2 2 ) Phba(4N3)-

-10 - 9 - 8 

log [analogue] (M) 

Figure 5. Determination of the agonism/antagonism properties 
of compounds 18-22. Panel a: myo- [3H]inositol-prelabeled 
WRKi cells were incubated for 21 min at 37 °C in PBS LiCl 
medium with or without (control) increasing amounts of vaso­
pressin analogues. Total inositol phosphates accumulation was 
measured as described in the methods. The results are expressed 
as percent of control (100% = 1.34 104 ± 1500 dpm/106 cells). 
Panel b: myo- [3H]inositol-prelabeled WRKi cells were prein-
cubated for 15 min at 37 °C in PBS LiCl medium with or without 
(control) increasing amounts of vasopressin analogues. AVP (3 
nM) (VP-stimulated) or vehicle (basal) was added to the 
incubation medium for an additional 6-min period. Total inositol 
phosphates accumulation was determined. The results are 
expressed as percent of vasopressin response of control cells (VP-
stimulated - basal response) (100% = 6.2 X 104 ± 1.1104 dpm/ 
106 cells). The inhibition constant K\ act of each analogue was 
calculated as Kj act = IC50 [1 + [AVP]/Kact], where [AVP] = 3 
nM and ifact is the concentration of AVP which evokes half-
maximal stimulation of total inositol phosphates accumulation. 
K,ct = 2.4 ± 1.0 nM in these experimental conditions (see reference 
for details). Since all analogues exhibit a similar profile, only 
three of them are described for the clarity of the figure. Results 
are the mean ± SE of at least three distinct experiments, each 
performed in duplicate. When no error bar is shown, it is 
comprised within the symbols. 

HPLC. Analytical HPLC was performed on a Shimadzu LC-
9A instrument fitted with a Merck Lichrosorb Cis column (5-^m 
particle size, 4 X 250 mm) and linked to two Waters 440 and 441 
detectors operating at 254 and 214 nm, respectively. This 
instrument was operated using mobile phases of 0.1 % TFA/H20 
(v/v) and 0.1% TFA/CH3CN (v/v) with a linear elution gradient 
of 1 % CHaCN/min (or stated otherwise) at a flow rate of 2 mL/ 
min (void volume, t>o « 1.7 mL). For analytical HPLC data, the 
values reported as percent elution correspond to the percent CH3-
CN composition of the eluent passing through the detector cell 
at the time of UV detection (corrected for u0) since this is more 
informative than the retention times. Preparative HPLC was 
performed on a high-pressure Waters 6000A dual pump system 
equipped with a 720 controller and fitted with a Whatman Partisil 
ODS 3 Magnum 20 column (lO-jjm particle size, 22 X 500 mm) 
and linked to both a Waters 440 detector (254 nm) and a Cecil 
CE 2012 detector (214 nm) (u0 » 120 mL). Peptide purifications 
were performed using a linear elution gradient (given in each 
case) at a flow rate of 10 mL/min with elution fractions collected 
using a Pharmacia Frac 100 collector operating in the peak 
detection mode. 

NMR. XH NMR spectra were recorded on a AMX 360 Bruker 
spectrometer operating at 360 MHz and at 305 K. Chemical 
shifts are referenced to internal [2Hs]Me2SO with the residual 
signal set to 2.50 ppm. All spin systems were identified and 
assigned by TOCSY, for scalar couplings,17 and NOESY, for 
dipolar couplings experiments.28 Assignments were made using 
sequential NOEs, mainly between the a proton of residue i with 
the amide proton of the residue i +1.23 The NOESY experiment 
was performed in the time-proportional phase incrementation 
scheme as described by Marion and Wiithrich27 with a mixing 
time of 300 ms. The acquisition of 2D data was performed using 
2048 data points and 512 increments followed by computation 
of the NMR data sets on a Bruker X32 station using the UXNMR 
program. Time domain data matrices were multiplied by a sine-
bell function shifted by ir/16 and x/8 in the t2 and ti dimensions, 
respectively, before Fourier transformation. 

Radioiodination. Iodogen (15 Mg) was dissolved in CHC13 
(100 iiL) in a 750-jtL vessel (Eppendorf), and then stood in a 
fume hood overnight to allow slow solvent evaporation. After 
successive addition of an aqueous solution of 1M KH2P04 buffer 
(55 11L, pH 6.5) and 1 mM azidopeptide (40 ML) to the Iodogen-
coated vessel, Na126I (1 mCi, Amersham, 2200 Ci/mmol) was then 
added and the vessel agitated (Vortex) and let for 2.5 min at 
room temperature. The solution was then removed from the 
vessel and diluted by adding a solution of 0.1% TFA/H20 (400 
nh). The total volume was then immediately applied to a Cig 
HPLC column (^Bondapak, particule size 1011m, 3.9 X 300 mm) 
and eluted with a linear gradient of 0-60 % CH3CN at a flow rate 
of 1 mL/min. Fractions were collected every minute and the 
relative radioactivity was measured by 7-counting. The same 
HPLC protocol was repeated for a second purification. The 
procedure was performed using a large excess (100-fold) of peptide 
over Na126I to prevent diiodination. The final HPLC purified 
radioiodinated compounds 18-22 were stored in liquid nitrogen. 

Membranes Preparation. Wistar male or female rats (150-
200 g) were purchased from Iffa Credo (Lyon, France). Two lots 
of rat liver membranes (male rat) were prepared according to the 
method described by Neville19 up to step 11 and stored in liquid 
nitrogen (15-20-month-old sample, 7.0 mg of proteins/mL, and 
1-3-month-old sample, 7.6 mg of proteins/mL). Rat renal 
medullary membranes20 (male rat, 1.96 mg/mL) and rat mammary 
gland membranes21 (female rat, 27 mg of proteins/mL) were 
prepared as previously described and used immediately or stored 
in liquid nitrogen, respectively. 

Concentration-Dependent Binding Experiments (Com­
petition). Rat liver membranes (5 or 10/ig/assay) were incubated 
(45 min, 30 °C) in a final volume of 200 ixL of the following 
incubation medium: 50 mM Tris-HCl (pH 7.4), 5 mM MgCl2,1 
mg/mL BSA, a concentration range for each of the unlabeled 
azidopeptide (10"6 or 10"7 to 10"11 M) and a pertinent fixed 
concentration (60 X 1(H2 M) of [126I]Phaa-D-Tyr(Me)-Phe-Gln-
Asn-Arg-Pro-Arg-Tyr-NH2 (Manning's Linear AVP antagonist). 
Nonspecific binding was determined in the presence of 1 MM 
vasopressin. Reaction was stopped by adding a ice-cold washing 
solution (5 mL) of 10 mM Tris-HCl (pH 7.4) and 1 mM MgCl2. 
Unbound azidopeptide was eliminated by filtration over What­
man GF/C filters which had been previously soaked in 10 mg/ 
mL BSA for more than 2 h. Filters were then rinsed three times 
(3 ± 5 mL) with the washing solution, and the radioactivity 
retained was measured. Binding assays on rat mammary gland 
(2 or 5 Mg/assay) and on kidney medulla membranes (28.5 Mg/ 
assay) were performed using the same protocol but using 6010"12 

M [128I]d(CH2)6[Tyr(Me)2,Thr4,Orn8,Tyr-NH2
9]VT and 10"9 M 

[3H]AVP, respectively. Nonspecific binding were determined 
in the presence of 1 MM oxytocin for assays on rat mammary 
glands membranes and of 1 MM vasopressin for those on kidney 
membranes. 

Concentration-Dependent Binding Experiments. These 
experiments were performed according to the protocol described 
above and with appropriate amounts of radioiodinated analogues. 
Nonspecific binding was determined in the presence of an excess 
of the corresponding unlabeled analogue. 

WRKi Cell Culture. WRKi cells were established and grown 
as previously described.28 Briefly, cells were plated in a 3.5-cm 
plastic dishes at a density of 5 X 104 to 7 X 104 cells in minimum 
essential medium containing Earle's salt, 5% fetal calf serum 
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(v/v), 2% decomplemented rat serum (v/v), 2 mM glutamine, 
100 units/mL penicillin, and 100 mg/mL streptomycin. The 
medium was changed after 2 days and replaced by a similar culture 
medium enriched in myo- [3H] inositol (2 /uCi/mL). Experiments 
were performed 3 days later. 

Determination of Inositol Phosphates Accumulation. 
Experiments were performed as previously described.29 Briefly, 
the culture medium was discarded, and the cells were incubated 
for 30 min in the same medium without sera and tritiated inositol. 
Cells were then washed two times with phosphate-buffered saline 
medium (PBS) (see ref 29 for composition) and further incubated 
for 15 min at 37 °C in PBS medium containing 10 mM LiCl, 1 
mg/mL BSA, and various concentrations of analogues. Basal or 
stimulated accumulation of inositol phosphates was determined 
after a 6-min incubation period at 37 °C. The reaction was 
stopped by adding perchloric acid (5%, v/v final concentration). 
The cells were scraped off and the resulted extracts neutralized 
with Hepes-KOH. Accumulated inositol phosphates were 
separated by batch elution on Dowex columns (1X-10, 200-400 
mesh, formate form) as earlier described.29 Previous studies on 
these cells demonstrated that vasopressin and agonists stimulated 
the accumulation of inositol phosphates in a time- and concen­
tration-dependent manner.29'30 As the concentrations of vaso­
pressin analogues leading to half maximum stimulation of InsPi, 
InsP2, and InsP3 accumulation were similar, whatever the inositol 
phosphate isomer, we have measured the bulk concentration of 
inositol phosphates.22 

U V Photolabeling of the Ligand-Receptor Complex. The 
photolabeling of the ligand-receptor complexes was performed 
as previously described.23 The procedure was identical to that 
used in the binding experiments except that BSA was omitted 
from both the incubation buffer and the soaking solution in order 
to avoid its photolabeling. Once rinsed, the filters were rapidly 
laid on an ice-cold surface and irradiated for 10 min at 10 cm 
under five Philips TUV6 lamps (254 nm). The proteins were 
then solubilized from the filters in 1 mL of the following 
medium: 50 mM Tris-HCl, 2% SDS, and 1 mM EDTA (pH 7.4). 
After one night of solubilization, the filters were rinsed twice 
with water (1 mL) and eliminated. Water (1 mL) and 10 mg/mL 
BSA (40 ML) were successively added to the solubilized samples 
and the proteins then precipitated with 72 % trichloroacetic acid 
(0.8 mL) for 4 h at 4 °C. The samples were centrifuged in a 
Jouan CR1000 at 4000g for 30 min at 4 °C. The supernatant was 
then eliminated and the radioactivity remaining in the pellets 
was measured. Two sets of experiments were performed, one 
being irradiated while the other one was kept in dim light (negative 
control). The covalent binding yield was expressed as the ratio 
between the specific binding measured from the irradiated 
membranes (Bo ir) and the specific binding measured from a set 
of BS A-soaked filters (B0, as determined in binding experiments). 
Covalent yield = 100 X (B0 JBo) (Table 3). 

Synthesis of the Octapeptide Segment: H-D-Tyr(Me)-
Phe-Gln-Asn-Arg-Pro-Arg-Tyr-NH2-3TFA (1). Solid-phase 
synthesis of octapeptide 1 was performed using 4-methylben-
zhydrylamine (p-MBHA) resin (2 g with 0.8 mmol/g of titratable 
amine, 1.6 mmol) and Boc-protected amino acids (2 equiv) using 
the following side-chain protections: Tyr(Dcb), Arg(Tos), Asn-
(Xan), and Gln(Xan). The couplings were performed using 
PyBOP (2 equiv, similar protocol as for BOP26), the Boc-amino 
acid (2 equiv), and a sufficient quantity of DIEA (generally >5 
equiv) to maintain the pH around 7-8. DMF and DCM were 
essentially used as the coupling solvents, and the efficiency of 
each coupling was monitored by the qualitative ninhydrin test.31 

As the coupling of Boc-Asn-OH was incomplete, this residue was 
recoupled using Boc-Asn(Xan)-OH in DMF. The Boc group was 
removed after each coupling by the use of TFA/DCM/dithio-
ethanol (50:47:3, v/v). Deprotection of a portion of the octapep-
tidyl resin (0.7 g from the 5.35 g obtained) by HF/anisole (9:1, 
v/v; 9 mL) at 0 ° C, gave 0.29 g of crude product after lyophilization. 
HPLC purification of 0.22 g (five runs) gave the octapeptide«TFA 
(1) (0.12 g) as a white fluffy solid. Its structure was ascertained 
by JH NMR (Table 1). HPLC gradient: 0-50% CH3CN over 25 
min. CH3CN elution: 27%; «2u/«2M = 37. Preparative HPLC 
gradient: 0-17,17-27, 27, 27-50% CH3CN over 5, 50,10, and 5 
min, respectively. 

Bz(4-NH2)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NHr3TFA (2). Octapeptide-resin (0.80 g) was coupled with 
4-aminobenzoic acid (Fluka, 0.1 g, 0.7 mmol). HF deprotection 
(10 mL) of the peptide-resin gave 0.32 g of crude product 2. 
Analytical HPLC gradient: 0-50%. CH3CN elution: 30.5%: 
«214/«264 = 6.4. 

Bz(4-NjJ-D-TyrtMeJ-Phe-Gln-Asn-Arg-Pro-Arg-
Tyr-NH^TFA (3). Peptide 2 (50 mg, 39 Mmol) was dissolved 
in 0.1 M HC1 (5 mL) at 0 °C. A solution of 1 M NaN02 (41 fiL, 
1.05 equiv) was added and the diazotization was performed at 
0 °C for 15 min, in the dark, under HPLC monitoring (% elution 
of the N2

+ intermediate: 29). As a first addition of 1 M NaN3 
(43 iiL, 1.1 equiv) gave an incomplete azide substitution, a further 
solution of NaN3 (20 iiL, 0.5 equiv) was added and the reaction 
mixture stirred at room temperature. HPLC purification gave 
peptide 3 as a white fluffy solid (21 mg, 35% recovery). HPLC 
gradient: 0-50% CH3CN over 25 min. CH3CN elution: 39%; 
«W«264 = 3.7. Preparative HPLC gradient: 0-32,32-42,42,42-
50% CH3CN over 10, 50, 10, and 5 min, respectively. 

General Procedure for the Synthesis of (Azidophenyl)-
alkyl Acid Derivatives (4,5,6,8,10). A solution of 1 MNaN02 
(1.1 equiv) was added to a solution of (aminophenyl)alkyl acid 
(1 equiv) in 2 M HC1 and the diazotization performed for 15 min 
at 0 °C, in the dark. A solution of 1 M NaN3 (1.05 equiv) was 
then added and the reaction mixture was stirred for 90 min. The 
precipitated solid was collected by filtration, rinsed with water 
(50 mL) .andthendriedunder vacuum. The filtrate was further 
extracted with AcOEt, the organic phase dried on MgS04, and 
the solvent evaporated in vacuo.16 

3-Azidobenzoic Acid {Bz(3-Nj)-OH} (4). The reaction was 
performed according to the general procedure, using 3-ami-
nobenzoic acid (Aldrich, 1 g, 7.3 mmol), and gave compound 4 
as a off-white amorphous solid (1.11 g, 96%). HPLC gradient: 
0-40%. CH3CN elution: 27%; W«2M = 1.0. 

4-Azidophenylacetic Acid {Phaa(4-N3)-OH} (5). The reac­
tion was performed using 4-aminophenylacetic acid (Fluka, 0.5 
g, 3.31 mmol) and gave the crude compound 5 as a pink amorphous 
solid (0.464 g, 80%). HPLC gradient: 0-40%. CH3CN elution: 
31%;«214/«264 = 0.5. 

3-Azidophenylacetic Acid jPhaa(3-N3)-0H) (6). The reac­
tion was performed using 3-aminophenylacetic acid (Aldrich, 0.20 
g, 1.33 mmol) and gave compound 6 as a cream amorphous solid 
(0.224g,95%). HPLCgradient: 0-40%. CH3CNelution: 29.5%; 
«214/«254 = 1-2. 

3-(4-Aminophenyl)propionicAcid{Phpa(4-NH2)-OH]}(7). 
Hydrogen was slowly bubbled into a stirred solution of 4-ami-
nocinnamic acid (Aldrich, 1.0 g, 6.13 mmol) in AcOH/MeOH 
(25%, 70 mL) containing 10% Pd/C (120 mg). After reaction 
overnight, the catalyst was removed by filtration on Celite and 
the solvent evaporated in vacuo to give the crude compound 7 
asapink-orangesolid(5.75mmol,94%). HPLCgradient: 0-35%. 
CHSCN elution: 7.5%; W ^ S M = 14-7-

3-(4-Azidophenyl)propionic Acid (Phpa(4-N»)-OHj (8). 
The reaction was performed according to the general azidation 
procedure using compound 7 (400 mg, 2.43 mmol) and gave the 
crude compound 8 as a yellow amorphous solid (350 mg, 75%). 
HPLCgradient: 0-35%. CH3CN elution: 33%; E W ^ = 0.6. 

3-(3-Aminophenyl)propionic Acid {Phpa(3-NHj)-OH( (9). 
Hydrogen was slowly bubbled into a stirred solution of 3-nitro-
cinnamic acid (Aldrich, 500 mg, 2.6 mmol) in AcOH/MeOH (25 %, 
lOOmL) containing 10% Pd/C (0.2 g). After reaction for 30 min, 
the catalyst was removed by filtration on Celite and the solvent 
evaporated in vacuo to give compound 9 as a gray solid (0.36 g, 
84%). HPLCgradient: 0-40%. CH3CN elution: 8 % ; W « » M 
= 33. 

3-(3-Azidophenyl)propionic Acid (Phpa(3-Ns)-OHj (10). 
The reaction was performed according the general azidation 
procedure using compound 9 (200 mg, 1.21 mmol) and gave the 
crude compound 10 as an amorphous pink-brown solid (130 mg, 
56%). HPLCgradient: 0-40%. CH3CNelution: 32%;W«»4 
= 1.4. 

4-(4-Azidophenyl)butyric Acid {Phba(4-N,)-OH) (11). 
The reaction was performed according the general azidation 
procedure using 4-(4-aminophenyl)butyric acid (Aldrich, 500 mg, 
2.8 mmol) and gave compound 11 as an amorphous white solid 
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(485 mg, 85%). HPLC gradient: 0-60%. CH3CN elution: 
45.5%; W«254 = 0.66. 

General Procedure for PyBOP Coupling of an (Azi-
dophenyl)alkyl Acid to the Octapeptide 1. To a stirred 
solution of pure octapeptide 1 (in 200 pL of UV-grade Me2SO) 
were added (azidophenyl)alkyl acid (2.5 equiv) and PyBOP (2.5 
equiv) at room temperature in the dark. DIEA (5 equiv) was 
added progressively and monitoring of the coupling showed it 
was complete after 1 h. The target compound was identified as 
the major formed peak from its pertinent UV properties (£214/ 
«264)-16 The total volume was then applied to the preparative Ci8 
HPLC column and eluted using a linear gradient of CH3CN 
(0.2%/min). The fraction corresponding to the expected com­
pound was collected and lyophilized to give the pure azidopeptide 
as a white fluffy solid. 

Bz(3-Nj)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-
Tyr-NH2-2TFA {[Bz(3-Na)

1,D-Tyr(Me)2^rg8,Tyr8]AVP} (12). 
The reaction was performed according to the general coupling 
procedure with peptide 1 (10 mg, 7 jumol) and compound 4 to 
give peptide 12 as a white fluffy solid (8 mg, 75% recovery). 
HPLC gradient: 0-40%. CH3CN elution: 37%; eauAaa = 3.2. 
Preparative HPLC gradient: 0-20, 20-40, and 40-60% CH3CN 
over 10, 50, and 20 min, respectively. 

Phaa(4-Nj)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NHV2TFA {[Phaa(4-N,)1,D-Tyr(Me)2,Arg»,Tyr»]AVP} (13). 
The reaction was performed with peptide 1 (10 mg, 7 /xmol) and 
compound 5 to give peptide 13 as a white fluffy solid (8 mg, 74 % 
recovery). HPLC gradient: 0-60%. CH3CN elution: 3 8 % ; W 
£264 = 2.6. Preparative HPLC gradient: 0-30 and 30-50% CH3-
CN over 50 and 20 min, respectively. 

Phaa(3-N8)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NH2-2TFA {[Phaa(3-N8)

1,D-Tyr(Me)2,Arg«>Tyr»]AVP} (14). 
The reaction was performed with peptide 1 (10 mg, 7 ixtaoY) and 
compound 6 to give peptide 14 as a white fluffy solid (10 mg, 93 % 
recovery). HPLC gradient: 0-60%. CH3CN elution: 38%; €214/ 
£254 = 3.9. Preparative HPLC gradient: 0-20, 20-40, and 40-
60% CH3CN over 10, 50, and 20 min, respectively. 

Phpa(4-N8)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NH2-2TFA f[Phpa(4-N8)

1,D-Tyr(Me)2,Arg«>Tyr«]AVP} (15). 
The reaction was performed with peptide 1 (10 mg, 7 ̂ mol) and 
compound 8 to give peptide 15 as a white fluffy solid (8.5 mg, 
78% recovery). HPLC gradient: 0-60%. CH3CN elution: 39%; 
«2i4/«264 = 2.5. Preparative HPLC gradient: 0-20, 20-40, and 
40-60% CH3CN over 10, 50, and 20 min, respectively. 

Phpa(3-N8)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NH2-2TFA {[Phpa(3-N8)

1,D-Tyr(Me)2,Arg«,Tyr»]AVP} (16). 
The reaction was performed with peptide 1 (10 mg, 7 ̂ mol) and 
compound 10 to give derivative 16 as a white fluffy solid (6.5 mg, 
60% recovery). HPLC gradient: 0-60%. CH3CN elution: 40%; 
£2i4/«264 = 4.4. Preparative HPLC gradient: 0-20, 20-40, and 
40-60% CH3CN over 10, 50, and 20 min, respectively. 

Phba(4-N8)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
NH2-2TFA {[Phba(4-N3)

1,D-Tyr(Me)2,Args,Tyr»]AVP} (17). 
The reaction was performed with peptide 1 (10 mg, 7 ,umol) and 
compound 11 to give derivative 17 as a white fluffy solid (7.0 mg, 
60% recovery). HPLC gradient 0-60%. CH3CN elution: 45%; 
«2i4/£264 = 2.4. Preparative HPLC gradient: 0-30 and 30-60% 
CH3CN over 10 and 60 min, respectively. 

General Procedure for the ICl Iodination of the Azi-
dopeptides. Peptides were iodinated according to an optimized 
procedure determined for each run on a reduced quantity by 
analytical RP-HPLC monitoring, and the reaction was extrapo­
lated to a larger scale for a semipreparative run. Briefly, a 0.01 
M ICl solution in MeOH (1.2 mL, 2.3 equiv) was added to a 
solution of azidopeptide (containing one Tyr, 1 equiv) in MeOH 
(0.8 mL) and stirred in the dark for 8-10 min at room temperature. 
The total reaction volume was then applied to the semipreparative 
Cis HPLC column and eluted using a linear gradient of 0-30 and 
30-50% CH3CN over 10 and 50 min, respectively (or stated). 
The fractions corresponding to the second of the three obtained 
peaks were collected and lyophilized to give the pure monoio-
dinated azidopeptide. 

Phaa(4-N,)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr(3-
I)-NH2.2TFA{[Phaa(4N3)

1j)-Tyr(Me)2^Arg«>Tyr(3-I)>]AVP} 
(18). The reaction was performed according to the general 
procedure, except that 0.35 mL of 0.01 M ICl (2.7 equiv) was 
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added to a solution of derivative 13 (2.0 mg, 1.3 mL) to give 
derivative 18 as a pure white fluffy solid (0.5 mg, 23% recovery). 
HPLC gradient: 0-60%. CH3CN elution of the monoiodinated 
(Ii) derivative: 39.5%; «2i4/«254 = 3.6. CH3CN elution of the di-
iodinated (I2) derivative: 41.5%; £214/£284 = 3.4. Preparative 
HPLC gradient: 0-35,35-45, and 45% CH3CN over 10, 50, and 
5 min, respectively. 

Phaa(3-Ns)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr(3-
I)-NHy2TFA{[Phaa(3-NJ)

14>Tyr-(Me)2^rgs,Tyr(3-I)»]AVP} 
(19). The reaction was performed using derivative 14 (8 mg, 5.2 
jumol) to give compound 19 as a pure white fluffy solid (2.3 mg, 
26% recovery). HPLC gradient 20-50%. CH3CN elution: 43%; 
£2i4/£264 = 5.0. CH3CN elution of the di-iodinated derivative: 
45%;«2u/e254 = 5.2. 

Phpa(4-Ns)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr(3-
I)-NHr2TFA{[Phpa(4-N,)14>Tyr(Me)2,Arg«,Tyr(3-I)»]AVP} 
(20). The reaction was performed using derivative 15 (8 mg, 5.1 
Mmol) to give compound 20 as a pure white fluffy solid (2.7 mg, 
31% recovery). HPLC gradient: 20-50%. CH3CN elution: 45%; 
£214/£264 = 3.4. CH3CN elution of the di-iodinated derivative: 
4 7 % ; £214/£264 = 3.4. 

Phpa(3-N3)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr(3-
I)-NH2.2TFA{[Phpa(3-N»)14>Tyr(Me)2,Arg«)Tyr(3-I)9]AVP} 
(21). The reaction was performed using derivative 16 (8 mg, 5.1 
iaao\) to give compound 21 as a pure white fluffy solid (2.88 mg, 
33% recovery). HPLC gradient: 20-50%. CH3CN elution: 
42.5%; £214/£254 = 5-3. CH3CN elution of the di-iodinated 
derivative: 44.5%. 

Phba(4-N3)-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-Tyr-
(3I)-NH2-2TFA {[Phba(4-N3)

1,D-Tyr(Me)2,Arg«,Tyr(3-I)']-
AVP} (22). The reaction was performed using derivative 17 (1.6 
mg, 1.2 jimol) to give compound 22 as a pure white fluffy solid 
(1.0 mg, 46% recovery). HPLC gradient: 0-60% over 30 min. 
CH3CN elution: 48.0%; £214/£254 = 3.35. CH3CN elution of the 
di-iodinated derivative: 51.0%. 
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