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The gastrin receptor is expressed in various human cancers, such as the adenocarcinoma of
the colon. The peptide hormone gastrin and the C-terminal peptides derived from it act as
growth factors for these cancers. The hypothesis for the present work was to use the gastrin
receptor as a target for appropriately constructed cytotoxic agents. We developed methods to
link tetragastrin and pentagastrin by their N-termini to cytotoxic 1-(2-chloroethyl)-3-benzyl-
3-succinoyltriazene. These compounds, CBS-4 and CBS-5, respectively, whose complete
structures were determined by multinuclear NMR and mass spectrometry, competed effectively
with gastrin in an assay using either guinea pig stomach fundus or the rat acinar tumor cell
line AR42J as the source of the receptor. CBS-5 was cytotoxic to AR42J cells but was not toxic
to A549 human lung cancer cells, which do not express the receptor.

Introduction

Colon cancer has one of the highest incidence rates
for all cancers in Western countries, especially in the
U.S.1 It has been a very difficult cancer to treat by
chemotherapeutic methods, and no clearly effective
drugs for adenocarcinoma of the colon are available.
Several reports have been published discussing the role
of gastrointestinal hormones in the etiology and prog-
nosis of gastrointestinal carcinomas.22~4 It was shown
that normal human gastric and colonic mucosa and
adenocarcinomas of the human stomach and colon
contain specific gastrin-binding receptors.?»? In a clini-
cal study,? 38 of 67 patients suffering from primary
colon cancers exhibited significant levels of the gastrin
binding receptor. Gastrin has been reported to promote
the growth of colonic tumors in vivo® and in some colon
tumor cell lines.f2=¢ Further evidence for its function
as a growth factor is the in vitro antiproliferative effect
of gastrin antagonists, such as proglumide and benzo-
tript, on colon carcinoma cells,72b

Other tumors arising from hormone-responsive tis-
sues, notably breast cancer, have been treated success-
fully by endocrine-related procedures,’»® when the
tumor had been shown to have specific receptors for the
hormone(s) that stimulate growth of the tissue.

One of the major problems with chemotherapeutic
drugs in general are their severe side effects due to
unspecific interactions with naturally highly prolifera-
tive tissue. Some attempts have been made to enhance
the specificity of drugs by using hormones or antihor-
mones as carriers of cytotoxic agents to target specific
receptors which may be present in tumor tissue.%¢
These studies were largely focused on steroid receptors,
such as estrogen or progesterone receptor. We chose
to examine the potential of the gastrin receptor (GR)
as a target for chemotherapeutic drugs in the treatment
of gastrointestinal tumors.

Gastrin, cholecystokinin (CCK), and the amphibian
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skin peptide, caerulein, are members of a family of
gastrointestinal peptides, which share a common car-
boxyl terminal pentapeptide amide and exert their
effects on a particular target tissue by interacting with
the same class of receptors.!® Structure—activity stud-
ies with varying peptide sequences have been per-
formed.!12-4 The results indicate that the smallest
peptides which exhibit GR binding affinity are the
tetragastrin and pentagastrin amide. Thus, the GR-
binding ability of these small peptides could be used,
in principle, to target cytotoxic agents attached to the
N-terminus of the peptide.

We focused our attention on 1,3-dialkyltriazenes as
the cytotoxic moiety. Triazenes in general show muta-
genicl?ab and carcinogenic!®? properties. Antitumor
activity of various triazenes has also been dem-
onstrated.lab 1 3.Dialkyl- and 1,3,3-trialkyltriazenes
are very sensitive to proteolytic decomposition and
hydrolyze under physiological conditions with half-lives
measured in seconds.!®® However, their stability in
buffer was dramatically improved by substituting 1,3-
dialkyltriazenes with acyl groups;15 half-life times in the
range of 2—1000 min were observed, depending on the
acyl group. Some of these acyl triazenes have been
found to possess significant chemotherapeutic prop-
erties.}42 For the design of a carrier-linked 1,3-dialkyl-
triazene conjugate it was therefore appropriate to use
an acyl-functionalized linker between the peptide and
the triazene, which would yield a drug with a reasonable
stability under physiological conditions. This paper
discusses our attempts to prepare peptide-linked acyl-
triazenes which would exhibit strong binding to GR.

Results and Discussion

We chose tetragastrin (Trp-Met-Asp-Phe-NHj) and
pB-alanine-modified pentagastrin (3-Ala-Trp-Met-Asp-
Phe-NHy) for our initial studies in targeting the tri-
azene. Since the crucial part for the recognition of
gastrointestinal peptides by the receptor is the carboxyl
terminal sequence Trp-Met-Asp-Phe-amide, there is a
logical requirement to attach these peptides to the
cytotoxic moiety by their N-terminal amino function. We
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used succinic acid to link the 1,3-dialkyltriazene to the
peptide. Here we describe the syntheses of N-[1,3-
dialkyltriazene-3-ylsuccinoyl]peptides, their activity in
binding to the gastrin receptor, and preliminary cyto-
toxicity studies in AR42J cells.

Synthesis of CBS-4 and CBS-5. The succinoyl
linker was attached to the 1-(2-chloroethyl)-3-benzyl-
triazene by the nucleophilic attack of the 1,3-dialkyltri-
azene anion on succinic anhydride. Our previous work
has established the triazene anion as a strong nucleo-
phile.1® This resulted in the formation of 1-(2-chloro-
ethyl)-3-benzyl-3-succinoyltriazene (1, CBS) and simul-
taneously generated a new carboxyl functional group.
The IUPAC nomenclature for this compound is 3-benzyl-
3-(8-carboxypropanoyl)-1-(2-chloroethyl)triazene. The
CBS acronym was derived from the common name
which highlights the 2-chloroethyl group. The product
which is isolated contains the succinoyl group on the
benzyl-bearing nitrogen. The other isomer has never
been isolated. We suspect that if it is formed, it
decomposes rapidly in an autocatalytic reaction. The
identity of the correct isomer was proved by mass
spectrometry.

The EI + mass spectrum gave a prominent peak
corresponding to MNa* at m/z 320. The exact mass
measurement of this peak was consistent with the
empirical formula. The MH* peak at m/z 298 was also
observed. The base peak was m/z 230 (MNa* — 91 +
H™*), which could have arisen from the loss of a benzyl
group or the (chloroethyl)diazonium group. The absence
of a peak at m/z 232, however, indicates that the base
peak must have been produced by the loss of the
chloroethyldiazonium ion (i.e., no peak for 37Cl). It
follows, therefore, that the structure of 1 must have the
chloroethyl group at N-1 and the benzyl and succinoyl
groups at N-3. The isomeric structure with both the
2-chloroethyl group and the succinoyl group on the same
nitrogen is excluded by this observation. Since all of
the described compounds were derived from 1, they
must all have the isomeric structures as indicated.

A slow autocatalytic decomposition of 1 was observed,

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 22 3813

Scheme 2

/
<:|/\/ Ne
I c—0—N
° I
0
o
2
l Trp—Met-Asp-Phe-NH,
/CH2-©
N=N—N [} 0 [} [}
o\ e i i I gl
I ﬁ—Nu-<|:u-c—Nu-:l:u-c—Nu-tl:u-c—Nu-cu-c—Nu,
0
CH, tl:H, tl:Hz CH,
— CH, COOH
NH Tl
CHy
4

presumably due to the presence of the free carboxyl
group. We have previously noted that acyltriazenes are
subject to acid-catalyzed decomposition.’® To circum-
vent this problem, this crucial intermediate was always
freshly prepared before the next synthetic step.

In choosing the appropriate coupling method to link
the sensitive triazene moiety to an amino acid or
peptide, we had to focus on compatible solvent systems
and techniques which required minimal side chain
protection. The best results for activating 1 were
obtained by forming the hydroxysuccinimide ester 2 in
tetrahydrofuran (THF). Since the condensing agent,
dicyclohexylcarbodiimide, partially forms the unreactive
isourea derivative of 1, 1 was used in excess relative to
the more expensive peptide or amino acid. The coupling
reaction was performed in acetonitrile/water, a suitable
solvent system for both components, the triazene and
the peptide. The tetrapeptide was directly reacted with
the succinimide ester of 1 in the synthesis of CBS-Trp-
Met-Asp-Phe-NH,, (4, CBS-4), as shown in Scheme 2.

Due to the difficulties expected to be encountered in
the removal of the carboxylic protecting group in the
presence of the triazene moiety, the aspartic acid side
chain on the peptide was left unprotected. In their
effort toward the total synthesis of CCK, Bodanszky et
al.l” reported succinimide derivatives from aspartyl
residues as major side products when unbranched
amino acids such as BOC-Gly were used to acylate the
tetrapeptide Trp-Met-Asp-Phe amide. To avoid this
complication, the pentapeptide part was attached to 1
in a 2 + 3 addition. S-Ala-Trp was reacted with 1 to
give CBS-3-Ala-Trp (8, CBS-2), which was linked to
Met-Asp-Phe amide in the last step to produce CBS-(3-
Ala-Trp-Met-Asp-Phe-NH>) (5, CBS-5). The conversion
of protected 1 (CBS) to 5 (CBS-5) is shown in Scheme
3.

Structural Elucidation. The proton assignments
for CBS-4 and CBS-5 are listed in Table 1. The data
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were derived from the analysis of COSY,182> TOCSY, 190
and HMQC?% 2D NMR spectra. Higher order systems
and signal overlapping complicated the determination
of coupling constants. To separate these out, the spin
systems were calculated and spin simulated and com-
pared with the experimental spectra.

Significant differences between CBS-5 and CBS-4
were observed in the methionine region. Since there
are no differences between the two structures in the
neighboring amino acids, conformational changes seem
to be the obvious cause. Pincus et al.l! have performed
conformational computational analyses on the CCK
peptides active on the gastrin receptor (GR). CCK-4
(tetragastrin) tends to adopt predominantly a-helical
structures, whereas the corresponding residue of CCK-7
and caerulein (CER-7) are distinctly nonhelical. CCK-7
and CER-7 are not able to inhibit the binding of CCK-4
to GR. On the other hand, little gastrin, a 17-amino
acid peptide, which contains the closely related Tyr-Gly
sequence, binds avidly to GR, but not to the peripheral
nervous system CCK receptor. The preferred conforma-
tions of the active hexapeptide fragment from little
gastrin, unlike CCK-7 and CER-7, are predominantly
o-helical in the COOH-terminal tetrapeptide fragment.
On the basis of these studies, it is likely that some
conformational differences exist between CBS-4 and
CBS-5. Unfortunately NOESY and ROESY analysis of
CBS-4 revealed that the molecule was highly mobile
conformationally, and it was impossible to assign a
sufficient number of crosspeaks to make it possible to
deduce a unique conformational orientation for the
molecule in solution. This apparent conformation flex-
ibility suggests that both CBS-4 and CBS-5 ought to be
able to adopt a conformation which would allow binding
to GR.

Gastrin Receptor Binding Assay. In our assay,
specific binding to GR was determined by subtracting
from total radioiodinated gastrin bound, the amount
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Figure 1. Competition binding of gastrin and various CBS
derivatives to the gastrin receptor in the guinea pig gastric
mucosa. The lines are a computer-generated best fit through
the experimental points. The points are an average of three
separate samples. The standard error of each point was
smaller than 5%.

bound in the presence of 1000-fold excess nonradioactive
gastrin. These experiments (data not shown) estab-
lished that our assay conditions measured 70—80%
specific gastrin binding to GR and yielded an experi-
mental Kj of 3.2 nM for gastrin in the guinea pig gastric
glands and 1.4 nM in AR42J cells. Nonradioactive
gastrin caused a detectable inhibition of [125T]gastrin
binding to guinea pig gastric glands at the level of 1.2
nM and progressed to total inhibition at approximately
10 uM. The 50% inhibition level (ECs¢) was about 0.6
uM. CBS-4 had an ECsq of 0.13 4M, and consistent with
the foregoing conformational argument, CBS-5 was also
a good specific inhibitor with an ECs of 0.08 uM. On
the other hand, CBS-3-Ala-Trp (CBS-2), the dipeptide-
linked triazene precursor to CBS-5, was a much poorer
inhibitor, inhibiting specific gastrin binding within the
range of 1-500 uM with an experimental ECs of 63 uM
(see Figure 1).

Nonradioactive gastrin caused a detectable inhibition
of [1%6]]gastrin binding to AR42J cells between 1.2 nM
and 100 M, with an ECs¢ of about 1 xuM. CBS-2, in
turn had a much higher ECs¢ of about 200 xM. These
results were consistent with the pattern we obtained
using guinea pig gastric glands (Figure 2).

Colony Survival Assays. We attempted to assess
the cytotoxicity of the peptide-linked triazenes in view
of their ability to preferentially bind to GR on the
surface of receptor-bearing cells in culture. All human
colon tumor cell lines used showed undetectable levels
of GR by our assay (data not shown). Although some
papers23ab report detectable GR in some colon or gastric
tumor lines, there is considerable discrepancy in the
literature as to their presence in most commercially
available lines??2 as measured by competition assays.
Recently, evidence for autocrine gastrin production in
some colon carcinomas has been reported,22b which
suggests that GR could be present in cultured cells,
however saturated by gastrin and thus undetectable in
competition assays.

Our results on the effects of added gastrin and CBS
compounds on the AR42J line, an azaserine-induced rat
acinar cell carcinoma line,? are described in Figure 3.
Gastrin and pentagastrin enhanced colony growth in
these cells, and CBS-4 and CBS-2 were not toxic even



Peptide-Linked 1,3-Dialkyl-3-acyltriazenes

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 22 3815

Table 1. 'H-NMR Assignments of CBS-4 and CBS-5 in MeOD (500 MHz)?

CBS-4,4 CBS-5,5
assignm 0 (ppm) mult (J, Hz) 6 (ppm) mult (J, Hz)
Trp-HD 7.55 t(1.0),d(7.9) 7.54 t(1.0),d (7.9)
Trp-HG 7.36 t(0.9),d (8.2) 7.31 t(0.9),d (8.1)
Trp-HA 7.23 nd 7.09 nd
Trp-HF 7.05 d(1.0),d (8.2),d (7.0) 7.07 d (1.0),d (8.2),d (7.0)
Trp-HE 7.00 d(0.9),d(7.0),d (7.9) 6.98 d (1.2),d (8.0), 4 (7.0)
Trp-CH 4.52 d (8.0),d (4.5) 4.56 d (5.9),d (7.5)
Trp-CHg 3.32 d (4.5),d (14.9) 3.25 d (0.9),d (5.9), ab (14.8)
3.26 d (8.0), d (14.9) 3.18 d (0.7),d (7.5), ab (14.8)
Phe 7.26,7.22,7.16 nd® 7.26,7.21 nd
Bz 7.19, 7.14, 7.09 nd 7.26, 7.20 nd
7.16
Bzl-CH;-N 5.11, 5.05 d (15.3) 5.09 s
=N-CH; 4.09 d(13.8),d (5.7) 4.06 ab (5.4)
4.04 d (13.8), d (6.0) 4.05 ab (4.9)
CH:-Cl 3.85 d(5.7),d (6.0) 3.86 ab (4.9)
3.85 ab (5.4)
Phe-CH 4.54 d(11.1),d (6.7) 4.52 d (4.6),d (9.8)
Phe-CH; 3.29 d(6.7),d (13.8) 3.26 d (14.1),d (4.6)
3.00 d(14.1),d (11.1) 2.96 d(14.1),d (9.8)
B-Ala 3.43 d (5.6), d (6.6), ab (13.7)
3.37 d (7.8),d (5.5), ab (13.7)
2.44 d (5.6),d (7.8), ab (14.8)
2.38 d (6.6), d (5.5), ab (14.8)
linker 3.29 d (17.8),d (4.9), d (5.6) 3.20 d (7.8),d (6.4), ab (17.7)
3.21 d(17.8),d (9.9),d (5.2) 3.11 d (6.2),d (6.8), ab (17.7)
2.64 d (15.4),d (9.9),d (4.9) 2.56 d (6.2), d (7.8), ab (15.5)
2.54 d(15.4),d (5.6),d (5.2) 2.50 d (6.8),d (6.4), ab (15.5)
Asp-CH 4.53 d(8.6),d (5.2) 4.53 d (6.8),d (7.4)
Asp-CH; 2.65 d (5.2),d (17.0) 2.65 d(16.1),d (6.8)
2.54 d(8.6),d (17.0) 2.55 d(16.1),d (7.4)
4.10 d (9.6),d (2.8) 4.26
Met-CH 2.08 d (13.5) 2.23 d (5.4),d (9.0), ab (13.3)
CH;-S-Met 2.03 nd 2.18 d (7.0),d (8.7), ab (13.3)
Met-CHj 1.89 8 1.96 ]
Met-CH, 1.76,1.73 nd 1.89, 1.77 nd

@ For designations refer to structure. ® nd, complex multiplet, not determined.
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Figure 2. Competition binding of the gastrin and the CBS
derivatives to the gastrin receptor on AR42J rat pancreatic
acinar cell carcinoma cells in culture. The lines are a
computer-generated best fit through the experimental points.
The points are an average of three separate determinations,
and the standard error for each point was less than 5%.

at the highest concentrations used (150-200 uxM).
However, CBS-5 exhibited good toxicity. The model
compound, 1-(2-chloroethyl)-3-benzyl-3-(N-methylcar-
bamoyl)triazene (CBM),3! whose structure is similar to
that of CBS, was 3-fold less toxic than CBS-5. Experi-
ments on the chemical stability of CBS-4 and CBS-5
showed that both chemicals were stable under the
conditions of the assay. Figure 4 compares, in a
simultaneous experiment, the relative toxicities of CBS-
4, CBS-5, and CBM in AR42J cells and in a nonreceptor
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Figure 3. Colony survival assay of AR42J cells treated with
gastrin, pentagastrin, the CBS drugs, and CBM. The cells
were treated with 0.01 4M gastrin and pentagastrin every 4
days for the duration of the experiment. The CBS derivatives
and CBM were applied once at the doses indicated. The points
are an average of colony counts from three wells.

bearing cell line, A549. Clearly the presence of the GR
in AR42J cells allows preferential uptake of CBS-5, thus
increasing the toxicity of this compound roughly 3-fold
when compared to CBM, which exhibited similar toxic-
ity in both cell lines. The lack of cytotoxicity of CBS-4
in this experiment is difficult to explain. We noted,
however, that CBS-4 is significantly less soluble then
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Figure 4. Colony survival assay of AR42J cells (top) and A549
human lung adenocarcinoma cells (bottom), treated with CBM,
CBS-4, and CBS-5. The assays were performed simulta-
neously. Each point is an average of colony counts from three
wells.

CBS-5 in the assay medium since it precipitated from
solution at concentrations required for cytotoxicity.
Alternatively, the tetrapeptide conjugated cytotoxic
agent may be processed differently after binding to the
receptor than CBS-5. Experiments to clarify this issue
are underway. We were forced to use AR42J cells in
our assays rather than a colon carcinoma line because
the latter do not express GR in culture, even though
most colon cancers appear to express the receptor.
Other workers have also noted this phenomenon 22

Conclusion

The synthesis of gastrin peptide-linked alkylating
agents was accomplished. NMR investigations showed
that the molecules were very flexible, with no specific
conformations being evident from NOESY and ROESY
experiments. The compounds CBS-4 and CBS-5 bound
to the gastrin receptor in guinea pig stomach and in
AR42J cells. CBS-5 was found to be more cytotoxic to
AR42J cells than CBM, the model unconjugated drug,
but CBS-4 was not cytotoxic. Pentagastrin, the parent
peptide of CBS-5, as well as gastrin itself were found
to stimulate AR42J cell growth in culture. Thus, the
activity of CBS-5 in this assay strongly suggests that
the hypothesis for receptor-mediated cytotoxicity has
been demonstrated. The lack of cytotoxicity for CBS-4
may be due to a simple solubility problem. This
compound is poorly soluble in the medium and may be
coming out of solution during the period of the assay.
Experiments to determine this or some other possible
explanations are underway in our laboratory.

Experimental Section

Materials. The preparation of chloroethyl azide was
described earlier.? All chemicals used in the synthesis were
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reagent grade (Bachem, Philadelphia, PA; Aldrich, Milwaukee,
WI) and were used without additional purification. NMR
spectroscopy was performed on a Varian VXR-500 spectrom-
eter (500 MHz for 'H). Chemical shifts are reported relative
to TMS in CD3OD. Spin calculations and simulations were
carried out using LAACON 3 program? on a VAX 8650 at the
Biomedical Supercomputing Center at FCRDC. Nuclear Over-
hauser effects in the proton NMR spectrum were measured
using the two-dimensional pulse sequence NOESY?’ and
ROESY.2® Mass spectra, including exact mass measurements,
were carried out on a VG-Micromass ZAB-2F spectrometer
equipped with a VG data system, Model 2035, or a VG-
Micromass Model 7070 spectrometer.
3-Benzyl-3-(3-carboxypropanoyl)-1-(2-chloroethyl) tri-
azene (1, CBS). Chloroethyl azide (1.72 mL, 20 mmol) was
dissolved in 80 mL of dry THF and cooled to 55 °C. A2 M
solution of benzylmagnesium chloride in THF (10 mL) was
added dropwise under nitrogen. The mixture was stirred for
1 h at room temperature. After cooling to —55 °C a solution
of 2 g (20 mmol) of succinic anhydride in 20 mL of dry THF
was added dropwise. The reaction mixture was allowed to
warm to room temperature and stirred for 1.5 h. Then, 50
mL of water and 150 mL of diethyl ether were added. The
reaction mixture was cooled to 0 °C and acidifiedtopH4 (1 N
HCl). The phases were separated. The water phase was
extracted with diethyl ether (2 x 20 mL). The combined
organic phases were washed with brine and dried over the Nas-
SO4. A slightly yellow oil was obtained after evaporation of
the solvent. The product was purified by column chromatog-
raphy on silica gel;, pentane:diethyl ether = 1/1. Yield: 4.35
g of a crystalline product. Mp 89—90 °C. MS caled m/z for
MNa* Cy3H;6CINsNaQ; 320.07784, found 320.080. 'H-NMR
Data (CDCly): 6 7.22 (s, 5 H), 5.14 (s, 2 H), 4.07 (t,J = 6.1
Hz), 3.81 (t,J = 6.1 Hz), 3.18 (t, J = 6.8 Hz), 2.80 (t, 6.8 Hz).
N-[3-Benzyl-3-(carboxypropanoyl)-1-(2-chloroethyl)-
triazenel]-Trp-Met-Asp-Phe-amide (4, CBS-4). Freshly
prepared 1 (149 mg, 0.5 mmol) and hydroxysuccinimide (63
mg, 0.55 mmol) were dissolved in 5§ mL of dry tetrahydrofuran.
The solution was cooled to 0 °C, and dicyclohexylcarbodiimide
(113.5 mg, 0.55 mmol) was added. After 1 h the ice bath was
removed and the reaction mixture was stirred for 8 h at room
temperature. The precipitated urea was filtered off, and the
filtrate was concentrated and the residue dissolved in 10 mL
of acetonitrile and filtered again. The peptide, Trp-Met-Asp-
Phe-amide hydrochloride (Bachem) (238.3 mg, 0.4 mmol) was
suspended in 5 mL of distilled water. Triethylamine (112 L,
0.8 mmol) was added. The acetonitrile solution of the hydroxy-
succinimide ester, 2, was added dropwise with stirring. The
reaction mixture was stirred at room temperature for 6 h. After
dilution with 10 mL of water the reaction mixture was filtered
and acidified to pH 4 (1 N HCI). The precipitate was collected
and washed with water. The colorless solid was recrystallized
from methanol/water (15 mL/15 mL). Further purification was
carried out by HPLC under reverse-phase conditions using a
preparative Waters u-Bondapak RP-18 column (19 mm x 150
mm); eluent: acetonitrile/water/0.1%TFA gradient 40% to 60%
acetonitrile (30 min). Anal. (C4oHs:CINyO0sS-0.5H20) C, H, N.
13C-NMR spectrum: CO (176.96, 176.39, 176.10, 175.39,
174.32, 173.64, 172.87), Trp (137.10, 128.80, 124.88, 122.57,
119.98, 119.35, 112.46, 110.54, 56.98, 27.61), Phe (138.78,
130.34, 129.33, 128.00, 56.13, 38.18), Bz (138.10, 129.48,
128.53, 127.71, 44.08), Met (55.25, 30.80, 30.66, 15.01), Asp
(51.98, 36.02), chloroethyl (63.97, 42.58), linker (30.91, 30.25).
N-[3-Benzyl-3-(carboxypropanoyl)-1-(2-chloroethyl)-
triazene]-g-Ala-Trp, (8, CBS-2). The hydroxysuccinimide
ester of freshly prepared 3-benzyl-3-(3-carboxypropanoyl)-1-
(2-chloroethyl)triazene (2.0 g, 5 mmol) was prepared in the
manner described above. The dipeptide 5-Ala-Trp (1 g, 3.63
mmol) was suspended in 20 mL of water/15 mL of acetonitrile.
Triethylamine (700 xL, 3.63 mmol) was added. The hydroxy-
succinimide ester dissolved in 25 mL of acetonitrile was added
dropwise with stirring. The reaction mixture was stirred
overnight. After dilution with 30 mL of water the pH was
adjusted to 7.4 by adding 0.2 N sodium bicarbonate. The
reaction mixture was washed twice with 15 mL of ethyl acetate
and acidified to pH 3—4 (1 N HCD). The product was extracted
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with ethyl acetate (3 x 30 mL). Yield: 1.44 g (71%) colorless
amorphous solid. MS caled m/z for MLit Cy7H3,C1LiNgO5
561.2205, found 561.2262 (by FABMS). 1H-NMR (500 MHz,
CD3OD): 9 (assign., mult (J, Hz)) 7.55 (Trpg, d(0.8), d(1.2),
d(7.9)), 7.30 (Trpp, £(0.9), d(8.1)), 7.22—7.08 (Bz, Trpa, m), 7.06
(Trpr, d(1.20), d(7.0), d(8.1)), 6.99 (Trpg, d(1.0), d(7.0), d(8.1)),
5.09 (Bz, ab(14.9)), 5.08 (Bz, ab(15.0)), 4.75 (TrpH,, d(4.9),
d(8.5)), 4.05 (NCHy, d(5.2), d(6.3)), 3.85 (C1CH,, d(5.1), d(6.3)),
3.39 (linker, t(7.5), ab(13.5)), 3.35 (TrpH;, d(0.9), d(4.9),
d(14.7)), 3.31 (linker, d(7.0), ab(13.5)), 3.16 (TrpH;s, d(0.8),
d(8.5), d(14.8)), 3.12 (3-Ala, d(2.5), t(6.9)), 2.49, 2.45 (linker,
t(6.9), ab(15.5)), 2.34 (5-Ala, d(1.6), d(6.7)).

N-[3-Benyl-3-(carboxypropanoyl)-1-(2-chloroethyl)tri-
azene]-f-Ala-Trp-Met-Asp-Phe-amide, (5, CBS-5). CBS-2
(8) (666 mg, 1.2 mmol) and hydroxysuccinimide (138 mg, 1.2
mmol) were dissolved in 30 mL of dry tetrahydrofuran. The
reaction mixture was cooled to 0 °C. Dicyclohexylcarbodiimide
(247 mg, 1.2 mmol) was added. The reaction mixture was
stirred for 1 h at 0 °C followed by 8 h at room temperature.
The precipitated urea was filtered off and the filtrate concen-
trated in vacuo. The residue was dissolved in 15 mL of
acetonitrile and refiltered. The tripeptide Met-Asp-Phe amide
hydrochloride (466 mg, 1 mmol), prepared according to the
procedure of ref 29, was dissolved in 10 mL of water, and
triethylamine (280 4L, 2 mmol) was added. The active ester
was added dropwise, and the reaction mixture was stirred at
room temperature for 6 h. Water (10 mL) was added, and 5%
sodium bicarbonate was used to adjust the pH to 8. Diethyl
ether (15 mL) was added, and the organic phase was sepa-
rated. The water phase was acidified (1 N HCI) to pH 3—4
and extracted with ethyl acetate/methanol = 10/1 (3 x 40 mL).
After evaporation of the solvent the colorless solid was
recrystallized from methanol/water. Further purification was
carried out by HPLC under reverse-phase conditions using a
preparative Waters #-Bondapak RP-18 column (19 mm x 150
mm); eluent: 70% methanol/30% water/0.05% TFA. Yield:
570 mg (60%). The NMR of this compound is presented in
Table 1 and discussed above. The FAB mass spectrum gave
MNa* at m/z 970 and MNa*; at m/z 993. Anal. (CgHjgs-
CIN;,0,S'H;0) C, H, N.

Biological Assays. Gastrin Receptor Binding Assay.
The in vitro assay consisted of a competition binding with
iodinated gastrin for the gastrin receptors from either guinea
pig gastric glands or AR42J cells. All reagents were obtained
from Sigma. The guinea pigs were male, strain 2NCR from
the FCRDC animal facility (400—500 g). They were about 2
years old at the time of sacrifice and were maintained on a
standard diet ad libitum until use. The AR42J cells were
kindly provided by Dr. R. T. Jensen (NIDDK, NIH).

Typically, gastric glands were obtained from freshly isolated
guinea pig stomachs by a modification of the procedure of ref
30. Gastric fundal mucosa was scraped off the supporting
tissue in the cold and finely minced. It was then incubated
with 0.1% collagenase in 0.1% BSA supplemented Hepes buffer
(Hepes-1) at 37 °C for 45 min. The digest was passed three
times through a 10 cm? syringe, filtered through a nylon mesh,
and centrifuged at 250g for 5 min. After two consecutive
washes in Hepes-1 the final gland pellet was resuspended in
12.5 mL of Hepes-1 containing 0.25 mg/mL of bacitracin. This
preparation was added in 100 xL volumes to siliconized
microfuge tubes containing the above buffer, 150 fmol (3-[12°T]-
iodotyrosyl!?)-gastrin-1 (Amersham, 2000 x#Ci/mmol) at a
specific activity of 0.37 xCi/pmol and varying amounts of each
drug or nonradioactive gastrin-I (human) in a total volume of
200 uL. Compounds were added from concentrated stock
solutions prepared in dimethyl sulfoxide (DMSO), and ap-
propriate DMSO control samples were included in each assay.
Samples were gently shaken at room temperature for 30 min.
Twice the volume of cold Hepes-1 was added to samples
followed by centrifugation at 4000g for 2 min. Gland pellets
were washed once with the same buffer and the tips of the
tubes containing the washed pellets were cut and placed
directly into scintillation vials. Samples were counted in a y
counter.

Alternatively, AR42J cells were scraped and washed three
times by centrifugation in cold Hepes-1 buffer at 1000 rpm in
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a tabletop centrifuge. The cells were then suspended in
Hepes-1 with bacitracin as above to a concentration of ap-
proximately 107 cells/mL; 100 xL volumes of this preparation
were then used in the assay as described above, in place of
guinea pig glands, and processed similarly.

Colony Survival Assay. The rat pancreatic acinar carci-
noma cell line AR42J% was provided as a courtesy of R. T.
Jensen. The human non-small lung adenocarcinoma A549 cell
line was obtained from American Type Culture Collection
(Rockville, MD). Culture conditions consisted of Dulbecco’s
MEM with 10% Fetal Bovine Serum (all from Sigma) in a 5%
CO; atmosphere at 37 °C with complete humidity. Assays
involved seeding single cell suspensions at low densities in six-
well culture dishes for 24—48 h and adding fresh medium
containing compounds at varying concentrations from DMSO
stocks as well as appropriate DMSO controls. Colonies were
allowed to grow to 1—-2 weeks with medium changes every 5
days. Wells were fizxed in methanol and stained with 1%
crystal violet (Sigma) in methanol. Colonies of greater than
30 cells were scored as survivors.

Acknowledgment. Research sponsored in part by
the National Cancer Institute, DHHS, under Contract
No. NO1-CO-74101 with ABL. The contents of this
publication do not necessarily reflect the views or
policies of the Department of Health and Human
Services, nor does mention of trade names, commercial
products, or organizations, imply endorsement by the
U.S. Government. We are grateful to Dr. R. T. Jensen
of NIDDK, NIH, for providing the AR42J cells and for
helpful discussions.

References
(1) Silverberg, E.; Lubera, J. Cancer statistics. Ca—Cancer J. Clin.
1987, 37, 2—19.

(2) (a) Singh, P.; Townsend, C. M., Jr.; Thompson, J. C.; Narayan,
S.; Guo, Y.-S. Review: Gut Hormones in colon cancer: past and
prospective studies. Cancer J. 1990, 3, 28—33. (b) Salomon,
D. S.; Perroteau, I. Growth Factors in cancer and their relation-
ship to oncongenes. Cancer Invest. 1986, 4, 43—60. (c) Townsend,
C.M,, Jr.; Singh, P.; Thompson, J. C. Gastrointestinal hormones
and gastrointestinal and pancreatic carcinomas. Gastroenterol-
ogy 1986, 91, 1002—1006. (d) Townsend, C. M., Jr.; Beauchamp,
R. D,; Singh, P.; Thompson, J. C. Growth factors and intestinal
neoplasmas. Am. J. Surg. 1988, 155 (3), 526—36.

(3) (a) Singh, P.; Rae-Venter, B.; Townsend, C. M., Jr.; Khalis, T.;
Thompson, J. C. Gastrin receptors in normal and malignant
gastrointestinal mucosa. Age-associated changes in gastrin
receptors. J. Physiol. 1985, G761-G769. (b) Rae-Venter, B;
Townsend, C. M., Jr.; Thompson, J. C.; Simon, P. M. Gastrin
receptors in human colon carcinoma. Gastroenterology 1981, 80,
1256.

(4) Upp, J. R, Jr,; Singh, P.; Townsend, C. M., Jr.; Thompson, J. C.
Clinical significance of gastrin receptors in human colon cancers.
Cancer Res. 1989, 49, 488—492,

(5) Winsett, O. E.; Townsend, C. M., Jr.; Glass, E. J.; Rae-Venter,
B.; Thompson, J. C. Gastrin stimulates growth of colon cancer.
Surg. Forum 1982, 33, 348—396.

(6) (a) Sirinek, K. R.; Levine, B. A.; Moyer, M. P. Pentagastrin
stimulates in vitro growth of normal and malignant human colon
epithelial cells. Am. J. Surg. 1985, 149, 35—39. (b) Kusyk, C.
J.; McNiel, N. O.; Johnson, L. R. Stimulation of growth of a colon
cancer cell line by gastrin. Am. J. Physiol. 1986, 251, G597—
G601. (c) Watson, S. A,; Durrent, L. G.; Crosbie, J. D.; Morris,
D. L. The in vitro growth response of primary human colorectal
and gastric cancer cells to gastrin. Int. J. Cancer 1989, 43, 692—
696.

(7) (a) Imdahl, A.; Eggstein, S. T.; Crone, C.; Farthmann, E. H.
Growth of colorectal carcinoma cells: regulation in vitro by
gastrin, pentagastrin and the gastrin-receptor antagonist, pro-
glumide. J. Cancer Res. Clin. Oncol. 1989, 115, 388—392. (b)
Hoosein, N. M.; Kiener, P. A,; Curry, R. C. antiproliferative
effects of gastrin receptor antagonists and antibodies to gastrin
on human colon carcinoma cell lines. Cancer Res. 1988, 48,
7179-7183.

(8) (a) Lerner, L. J.; Jordan, V. C. Development of antiestrogens
and their use in breast cancer: eighth CAIN memorial award
lecture. Cancer Res. 1990, 50, 4177—4189. (b) Epstein, R. J.
The clinical biology of hormone-responsive breast cancer. Cancer
Treat. Rev. 1988, 15, 33—51.



3818 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 22

(9) (a) Miintzing, J. Hormongebundene Zytostatika. In Aktuelle
Onkologie; Nagel, G. A., Sauer, R., Schreiber, H. W,, Eds.;
Zuckerschwerdt-Verlag: Miinchen, 1985, Vol. 25. (b) Kéhle, J.;
Krohn, K.; Leclercq, G. Hexestrol-linked cytotoxic agents: syn-
thesis and binding affinity for estrogen receptors. J. Med. Chem.
1989, 32, 1538—47. (c) Wei, L.; Katzenellenbogen, B. S,;
Robertson, D. W.; Simpson, D, M.; Katzenellenbogen, J. Nitroso-
urea and nitrosocarbamate derivates of the antiestrogen tamox-
ifen as potential estrogen receptor-mediated cytotoxic agents in
human breast cancer cells. Breast Cancer Res. Treat. 1986, 7
(2), 77-90.

(10) Mutt, V. Chemistry of the gastrointestinal hormones and
hormone-like peptides and a sketch of their physiology and
pharmacology. In Vitamins and hormones; Munson, P. L., et
al., Eds.; Academic Press; London, 1982; Vol. 39, pp 231-427.

(11) (a) Pincus, M. R,; Carty, R. P.; Chen, J.; Lubowsky, J.; Avitable,
M.; Shah, D.; Scheraga, H. A.; Murphy, R. B. On the biologically
active structures of cholecystokinin, little gastrin, and enkepha-
lin in the gastrointestinal system. Proc. Natl. Acad. Sci. U.SA.
1987, 84, 4821-4825. (b) Martinez, J.; Magous, R.; Lignon, M.-
F.; Laur, J.; Castro, B.; Bali, J.-B. Synthesis and biological
activity of new peptide segments of gastrin exhibiting gastrin
antagonist property. J. Med. Chem. 1984, 27, 1597—1601. (c)
Crawley, J. N.; St-Pierre, S.; Gaudreau, P. Analysis of the
behavioral activity of C- and N-terminal fragments of cholecys-
tokinin octapeptide. J. Pharm. Exp. Ther. 1984, 230 (2), 438—
444, (d) Rehfeld, J. F.; Larsson, L.-I.; Gottermann, N. R;
Schwartz, T. W.; et al. Neural regulation of pancreatic hormone
secretion by the C-terminal tetrapeptide of CCK. Nature 1980,
278, 33-38.

(12) (a) Malaveille, C.; Kolar, G. F.; Bartsch, H. Rat and mouse tissue-
mediated mutagenicity of ring-substituted 3,3-dimethyl-1-phen-
yltriazenes in Salmonella typhimurium. Mutat. Res. 1976, 36,
1-10. (b) Sieh, D. H.; Andrews, A. W.; Michejda, C. J. Muta-
genicity of trialkyltriazenes: mutagenic potency of alkyldiazo-
nium ions, the putative ultimate carcinogens from dialkylnitroso-
amines. Mutation Res. 1980, 73, 227—235.

(13) (a) Preussmann, R.; Ivankovic, S.; Landschiitz, C.; Gurmy, S;
Flohr, E.; Griesbach, U. Z. Carcinogenic activity of 1-3-aryl-
dialkyl-triazenes in BD-rats. Z. Krebsforsch. Clin. Onkol. 1974,
81, 285—310. (b) Smith, R. H., Jr.; Denlinger, C. L.; Kupper,
R.; Koepke, S. R.; Michejda, C. J. Specific acid catalysis in the
decomposition of trialkyltriazenes. J. Am.Chem. Soc. 1984, 106,
1056-1060.

(14) (a) Smith, R. H., Jr.; Scudiero, D. A.; Michejda, C. J. 1,3-Dialkyl-
3-acyltriazenes, a novel class of antineoplastic alkylating agents.
J. Med. Chem. 1990, 33, 2579—2583. (b) Clarke, D. A.; Barclay,
R. K;; Stock, C. C.; Rondesvedt, C. S., Jr. Triazenes as inhibitors
of mouse sarcoma. Proc. Soc. Exp. Biol. Med. 1955, 90, 484—
488,

(15) Smith, R. H., Jr.; Mehl, A. F; Hicks, A.; Denlinger, C. L.; Kratz,
L.; Andrews, A. W.,; Michejda, C. J. 1,3-Dimethyl-3-acetyltri-
azenes: syntheses and chemistry of a novel class of biological
methylating agents. J. Org. Chem. 1986, 51, 3751—3757.

(16) Smith, R. H., Jr.; Wladkowski, B. D.; Herling, J. A.; Pfaltzgraff,
T. D.; Pruski, B.; Klose, J.; Michejda, C. J. 1,3-Dialkyl-3-acyl-
triazenes: products and rates of decomposition in acidic and
neutral aqueous solutions. .J. Org. Chem. 1992, 57, 654—661.

Schmidt et al.

(17) Bodanszky, M.; Natarajan, S. Side reactions in peptide synthesis
II. Formation of succinimide derivatives from aspartyl residue.
J. Org. Chem. 1978, 40 (17), 2495—2499.

(18) (a) Piantini, U.; Sorenson, O. W.; Ernst, R. R. Multiple quantum
filters for elucidation of NMR coupling networks. J.Am. Chem.
Soc. 1982, 104, 6800—6801. (b) Rance, M.; Soerensen, O. W;
Bodenhausen, G.; Wagner, G.; Ernst, R. R.; Weuthrich, K.
Improved spectral resolution in COSY proton NMR spectra of
proteins via double quantum filtering. Biochem. Biophys. Res.
Commun. 1988, 117, 479—485.

(19) (a) Levitt, M.; Freeman, R.; Frenkiel, T. Broadband hetero-
nuclear decoupling. J. Magn. Reson. 1982, 47 (2), 328—330. (b)
Bax, A.; Drobny, G. Optimization of two-dimensional homo-
nuclear relayed coherence transfer NMR spectroscopy. J. Magn.
Reson. 1985, 61, 306—320.

(20) Summers, M. F.; Marzilli, L. G.; Bax, A. Complete 1H and 13C
assignments of coenzyme Bjz through the use of new two-
dimensional NMR experiments. J. Am. Chem. Soc. 1986, 108,
4285-4294.

(21) Weinstock, J.; Baldwin, G. S. Binding of Gastrin}; to Human
Gastric Carcinoma cell lines. Cancer Res. 1988, 48, 932—937.

(22) Frucht, H.; Gazdar, A. F.; Park, J.-A.; Oie, J.; Jensen, R. T.
Characterization of functional receptors for gastrointestinal
hormones on human colon cancer cells. Cancer Res. 1992, 52,
1114-1122.

(23) (a) Lebovitz, P.; Finley, G.; Melhem, M.; Meisler, A. Colorectal
cancer cell proliferation requires endogenous gastrin. Gastro-
enterology 1998, 104 (4), A836. (b) Niederau, C.; Niederau, M.;
Klonowski, H.; Strohmeyer, G. Does endogenous gastrin promote
pancreatic growth? Gastroenterology 1993, 104 (4), A843,

(24) Jessop, N. W,; Hay, R. J. Characteristics of two rat pancreatic
exocrine cell lines derived from transplantable tumors. In Vitro
1980, 16, 212.

(25) Smith, R. H., Jr.; Mehl, A. F.; Shantz, D. L; Jr.; Chmurny, G.
N.; Michejda, C. J. Novel crosslinking alkylating agents, 1-(2-
chloroethyl)-3-methyl-3-acyltriazenes. J. Org. Chem. 1988, 53,
1467-1471.

(26) Bothner-by, A. A.; Castellano, S. LAACON 3. QCPE 1967, 10,
111,

(27) Jenner, J.; Meier, B. H.; Bachman, P.; Ernst, R. Investigation
of exchange processes by two-dimensional NMR spectroscopy.
J. Chem. Phys. 1979, 71, 4546—4553.

(28) Bax, A.; Davis, D. G. Practical aspects of two-dimensional
transverse NOE spectroscopy. J. Magn. Reson. 1985, 63 (1),
207-213.

(29) Davey, J. M.; Laird, A. H.; Morley, J. S. Polypeptides part III.
The synthesis of the C-terminal tetrapeptide sequence of gastrin,
its optical isomers, and acylated derivatives. J. Chem. Soc. C
1966, 555—566.

(30) Ramani, N.; Praissman, M. Molecular identification and char-
acterization of the gastrin receptor in the guinea pig gastric
glands. Endocrinology 1989, 124, 1881—1887.

(31) Rouzer, C. A,; Thompson, E. J.; Skinner, T. L.; Heavner, P. A,;
Bartolini, W. P.; Mitchell, K.; Kurz, E.; Smith, R. H., Jr,;
Michejda, C. J. An unexpected pathway for the metabolic
degradation of 1,3-dialkyl-3-acyltriazenes. Biochem. Pharmacol.
1993, 46, 165—173.



