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Abstract: A peptide RGD analog containing a novel 2-aminopyridine arginine mimetic was discovered to have
good affinity and selectivity for the vitronectin receptor. Incorporation of the 2-aminopyridine arginine mimetic
into the 3-oxo-1,4-benzodiazepine-2-acetic acid integrin antagonist series led to novel and potent nonpeptide
vitronectin receptor antagonists with promising levels of oral bioavailability. © 1999 Elsevier Science Ltd. All rights

In our previous studies on nonpeptide Arg-Gly-Asp (RGD) mimetic antagonists of the vitronectin
receptor (0lyP3) as potential therapeutics for disorders such as osteoporosis, restenosis, and cancer,! we had
shown that potent nonpeptide benzodiazepine antagonists could be designed with selectivity for either the
vitronectin receptor (ay[3) or the platelet fibrinogen receptor (ajpB3) simply by altering the length and nature
of the Arg mimetic.2 These studies revealed that compounds containing the nonbasic benzimidazole group3 or
related azabenzimidazole group# as novel arginine mimetics are potent oyP3 antagonists and show good
selectivity over the closely related integrin aqjpB3. We were also interested in exploring alternative nonbasic
heterocyclic arginine mimetics as a strategy to discover additional potent and selective nonpeptide o, B3
antagonists with the opportunity for enhanced oral bioavailability. Herein, we report on our investigation of 2-
aminopyridines,d a ring system with a neutral pKa value® which presents the desired amidine-like disposition of
nitrogen atoms favored by OLVB3.3v4

Chemistry

For our initial studies on RGD peptide-based o.y33 antagonists, we chose to examine a 2-aminopyridine
containing a linker at the 6-position as an atom-for-atom mimic of the arginine side chain. The synthesis of the
requisite 2-aminopyridine-containing arginine mimetic is shown in Scheme 1. Palladium catalyzed coupling of
3-butyn-1-ol to 2,6-dibromopyridine 1 led to a good yield of the monodisplacement product 2. Reduction of the
alkyne was followed by oxidation to the acid and displacement of the bromide to give 3, which was converted
under standard conditions to the peptide RGD analog 4.

The synthesis of 7 (Scheme 2) illustrates the method for the preparation of the 2-amino-6-
(aminomethyl)pyridine arginine mimetics. 2-Amino-6-picoline (5) was converted to the corresponding
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phthalimide, and the methyl group was brominated to afford 6. Displacement of the bromide with methylamine,
followed by hydrazinolysis of the phthalimide gave 7. The 2-(aminoethyl)aminopyridine arginine mimetics
were prepared by modification of the procedure reported for the preparation of related 2-aminopyridine
derivatives2 as illustrated in Scheme 3. 2-Chloropyridine N-oxide hydrochloride (8) was reacted with N-Boc-
ethylenediamine to afford 9. Reduction of the N-oxide by transfer hydrogenation, followed by removal of the
Boc group, gave 10. For both types of aminopyridine arginine mimetics, coupling to the 7-substituted
benzodiazepine carboxylic acid as previously described? afforded the desired analogs.

Scheme 1
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(a) 3-butyn-1-ol, (Ph3P)3PdCly, Cul, Et3N (51%); (b) Hy (1 atm), PtO9, Et3N, EtOH (82%); (c) Jones reagent,
acetone (95%); (d) KNHp, NH3 (71%); (e) Gly-Asp(OBn)-Phe(OBn), HOBt, EDC, (i-Pr)sNet, DMF (27%); (f)
Hj (1 atm), 10% Pd/C, MeOH (90%).

Scheme 2
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(a) phthalic anhydride, ZnCly, CICH,CHCl, reflux (12%); (b) NBS, CCly, reflux (19%); (c) CH3NH; (gas),
EtOH, 0 °C; (d) NH3NH», EtOH (32% for two steps).

Scheme 3
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(a) N-Boc-ethylenediamine, NaHCO3, terr-amyl alcohol, reflux (89%); (b) cyclohexene, 10% Pd/C, i-PrOH,
reflux (78%); (c) 4 N HCl/dioxane, CH»Cly, 0 °C to room temperature (95%).

Results and Discussion

Our initial investigation of a 2-aminopyridine arginine mimetic was carried out in a peptide RGD
antagonist series. Evaluation of 4 in binding assays for both OLVB37 and OLHbB38 revealed that incorporation of
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the 2-aminopyridine arginine mimetic results in high affinity for ayB3 (Kj = 20 nM) with a good degree of
selectivity over oqrpP3 (Kj = 12,000 nM). These data encouraged us to investigate analogous 2-aminopyridine

arginine mimetics in our benzodiazepine series of nonpeptide ctyP3 antagonists linked either at the 6-position of
the pyridine (Table 1) or via the 2-amino substituent (Table 2).

Table 1. Binding Data for 6-linked 2-Aminopyridine Analogs
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The results shown in Table 1 reveal that incorporation of the 2-aminopyridine group into the
benzodiazepine Gly-Asp mimetic affords potent and selective nonpeptide oyP3 antagonists. Comparison of
12-14 shows that a single methylene group as a spacer between the amide and the pyridine gives the best
activity. Compound 15 demonstrates the need for the 2-amino substituent on the pyridine ring, consistent with

previous data that suggested an amidine-like disposition of nitrogens was favored by aVB3.3’4 Methylation of
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the linking amide (16) does not increase activity, in contrast to results obtained for the corresponding analogs
containing a benzimidazole arginine mimetic.3 However, alkylation of the 2-amino group (17 and 18) leads to
a slight increase in activity. Finally, the analogous aminoimidazole in 19 is also an excellent mimetic for
arginine.9 As in the case of the 2-aminopyridine, removal of the amino group from the imidazole (20) results in

a significant loss of activity.

Table 2. Binding Data for N-Linked 2-Aminopyridine Analogs
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The isomeric N-linked 2-aminopyridine5a retains the good potency and selectivity for oy B3 (21, Table
2). Removal of the pyridine nitrogen (22) causes a loss of activity, and methylation of the linking amide
nitrogen in this series results in a less potent analog (23). Incorporation of the 2-piperazinylpyridine (24) causes
a more dramatic dropoff in activity, suggesting either a need for a free amino N-H, or an unfavorable
conformational constraint. A methyl group is not tolerated at the 6-position of the pyridine ring (25), but the
related amino substituted analog 26 is a highly potent otyB3 antagonist. In a cursory examination of alternate
heterocycles, replacement of the pyridine with a pyrimidine (27) is ineffective, but the corresponding imidazole
analog 28 has high affinity for oyB3 similar to its isomer 19 (Table 1).
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Because the potential clinical utility for a nonpeptide ayf3 antagonist would likely involve treatment of
a chronic condition, the ultimate aim is to identify orally bioavailable compounds. Historically, it has proven
difficult to discover nonpeptide RGD mimetics with >10% oral bioavailability, unless a prodrug strategy is
employed that masks the highly polar guanidine and/or carboxylate functionalities.!0 However, a number of
compounds from this study display a promising level of oral bioavailability in pharmacokinetic studies in both
rats and dogs (Table 3), which may be a result of the nonbasic 2-aminopyridine arginine mimetic.6 These
results are consistent with previous results from our laboratories, in which we had shown that incorporation of a
2-aminopyridine arginine mimetic into nonpeptide o;ypB3 antagonists conferred enhanced permeability in vitro
as well as increased oral bioavailability.1 1
Although the level of oral bioavailability for the compounds with an aminopyridine arginine mimetic in
Table 3 represents an encouraging improvement compared to the benzimidazole-containing vitronectin receptor
antagonists previously reported,4 additional improvement is clearly needed to advance this series of compounds.
Our further investigations into 2-aminopyridine arginine mimetics which resulted in highly potent nonpeptide
0wP3 antagonists with excellent levels of oral bioavailability are reported in the following paper in this issue.

Table 3. Pharmacokinetic data for selected 2-aminopyridine o, B3 antagonists.12

iv Ty iv Clearance  oral bioavailability

No. species (min) (mL/min/kg) (%)

13 rat 45%15 637 4-13

13 dog 47-50 7.8-9.5 10

16 rat 2412 3244 5-16

16 dog 38-41 7-10 10

21 rat 31-39 29-36 4-8

21 dog 27-40 34-66 8-14
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