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Abstract—A series of avb3 receptor antagonists lacking the amide bond of previously-reported �chain-shortened� compounds is
described. Replacement of the lone amide bond with two methylene groups in this series yields more lipophilic compounds that have
longer half-lives, lower clearance, and greater oral bioavailability when administered to dogs.
� 2004 Elsevier Ltd. All rights reserved.
In the constant process of remodeling bone, cells called
osteoclasts are responsible for bone resorption. Osteo-
blasts balance this process by forming new bone. The
skeletal disease known as osteoporosis occurs when
the activity of osteoclasts increases relative to the activ-
ity of osteoblasts. This leads to a net decrease in bone
density, which makes affected individuals more suscepti-
ble to fractures. Osteoporosis affects primarily post-
menopausal women, because increased bone resorption
is associated with a decrease in estrogen levels.1 The in-
tegrin avb3 receptor, which is highly expressed on osteo-
clasts, plays an essential role in the attachment and
migration of these cells during bone resorption. Com-
pounds that bind to the avb3 receptor have been shown
to inhibit bone resorption in vivo.2

Previous reports from this laboratory have detailed the
progression of avb3 antagonists from proteins contain-
ing an arginine-glycine-aspartic acid (RGD) sequence,
to �full-length� analogs containing two amide linkages,
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to �chain-shortened� molecules with a single amide
bond.3–6 These studies showed that the optimal distance
between the N-terminal tetrahydronaphthyridine nitro-
gen and the C-terminal carboxylic acid is eight atoms.6

Certain aryl substituents on the carbon atoms alpha
and beta to the carboxylic acid, as well as sulfonamides
at the alpha position, have been shown to significantly
increase affinity for the avb3 receptor in other series.3,7

In this paper we describe the identification of a new class
of chain-shortened compounds that combine some of
these potency-enhancing, alpha-amino substitutions
with replacement of the single remaining amide bond
to further improve the pharmacokinetic characteristics
of the series.

The pathway used to prepare the compounds discussed
here is shown in Scheme 1. Commercially available
methyl sebacoyl chloride was treated with CuCN and
MeMgBr to form the methyl ketone, which was then
subjected to a Friedlander condensation with 2-amino-
3-formylpyridine.8 The resulting 1,8-naphthyridine 2
was then hydrogenated and the ester hydrolyzed, yield-
ing the 5,6,7,8-tetrahydro-1,8-naphthyridine 3. Forma-
tion of the mixed anhydride of this carboxylic acid
followed by treatment with the lithium anion of (S)-4-
benzyl-2-oxazolidinone gave the chiral intermediate 4.9
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Scheme 1. Reagents and conditions: (i) CuCN, MeMgBr, THF; (ii) 2-amino-3-formylpyridine, LL-(�)-proline, EtOH, (66% yield over two steps); (iii)

10% Pd/C, H2 (1atm), EtOH, (97%); (iv) NaOH, MeOH, (88%); (v) NEt3, trimethyl acetyl chloride, then n-BuLi+(S)-4-benzyloxazolidinone, THF;

(vi) KHMDS, 2,4,6-triisopropylbenzenesulfonyl azide; (vii) 10% Pd/C, H2 (1atm), EtOH, (84%); (viii) 6N HCl, (90%); (ix) NaOH, R–Cl or R–NCO,

2:1 H2O–dioxane, (17–57%); (x) Ti(Oi-Pr)4, i-PrOH, (14%); (xi) Ph3P, 3:1 THF–H2O, (62%); (xii) NMM, R–Cl, DCM, (28–98%); (xiii) 6N HCl,

dioxane, (51–99%).
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Treatment of 4 with KHMDS and 2,4,6-tri-
isopropylbenzenesulfonyl azide gave the desired 2(S)-
azido-4(S)-benzyloxazolidinone 7 with high diastereo-
selectivity. Unexpectedly, the reaction also yielded the
primary amide 5 in a ratio of approximately 1:1 with
compound 7. The azide 5 was reduced with palladium
on carbon and the primary amide hydrolyzed to the car-
boxylic acid 6 by mild heating in 6N HCl. Alkylations
of 6 were performed under typical Schotten–Baumann
conditions using the appropriate sulfonyl chloride, acid
chloride, chloroformate, or isocyanate to yield the target
compounds.
Alternately, the 2-azido-1-benzyloxazolidinone 7 was
treated with titanium isopropoxide in isopropanol to
form the isopropyl ester 8. After Staudinger reduction
of the azide, the resulting amine was treated with the
appropriate alkylating agent and N-methylmorpholine
in dichloromethane. Hydrolysis of the ester was then
accomplished by heating with 6N HCl to generate the
compounds obtained through this variation of the syn-
thetic scheme.

Table 1 shows the key data for several alpha-amino
substitutions in the chain-shortened series of com-
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pounds.10–12 Although some of these compounds
achieved the desired sub-nanomolar potency in the
SPAV3 assay, their pharmacokinetic profiles were less
than optimal. When dosed to dogs, half-lives of the
compounds were generally short, and oral bioavailability
was very low.

It was hypothesized that deletion of the lone amide
bond, while maintaining the overall length of the mole-
cule, might improve the pharmacokinetic profile of the
chain-shortened compounds. A comparison of the Log
P values of the compounds in Tables 1 and 2 shows that
this modification causes a significant increase in lipophi-
licity, but in both series, all of the compounds tested had
human protein binding values >97%. The des-amide
analogs shown in Table 2 were less potent in the
SPAV3 assay than their amide counterparts; however,
the pharmacokinetic profiles in dogs were signifi-
cantly improved. The phenylsulfonamide compound 9d
exhibited a plasma half-life of 9.3h, with low clearance
(7mL/min/kg). When dosed orally, the bioavailability
(F) was 55%, approximately an eightfold improvement
over the analogous amide 10c. The CBZ-amine 9c
showed a similar increase in oral bioavailability, but
its half-life was only slightly better than the comparable
amide 10b. The aliphatic n-butyl sulfonamide 9f,
although not quite as potent, had an excellent half-life
of 8.1h and the highest oral bioavailability of the series
(91%).
Table 1. Chain-shortened avb3 receptor antagonists: potency, Log P, and ph
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Acylation of the amine to generate the phenylacetyl-
amino (9i) and benzoylamino (9j) compounds produced
analogs with extremely long half-lives of 19.2 and 17.9h,
respectively. However, these compounds had reduced
affinity for the avb3 receptor compared to the sulfona-
mides. A similar effect was seen in the series of
compounds with the amide-containing backbone.

The use of a camphorsulfonyl group in avb3 antagonists
has been reported previously.1 In both the amide and
the des-amide series shown here, the camphorsulfon-
amide compounds (9a and 10a) were the most potent
in the SPAV3 assay. Unfortunately, this functionality
also caused a reduction in both half-life and bioavail-
ability in this series.

The prepared compounds were also tested in a platelet
aggregation assay and found to be selective against the
fibrinogen receptor, aIIBb3, which is a related integrin
that shares the same b subunit as avb3.

In conclusion, we have identified a new class of potent
avb3 receptor antagonists that possesses an improved
pharmacokinetic profile over an earlier series of chain-
shortened compounds. By replacing the amide bond
with two methylene groups, the overall length is main-
tained, permitting favorable binding interactions with
the receptor. This substitution makes the resulting des-
amide compounds more lipophilic and leads to longer
armacokinetic parameters in dogs10–12
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Log P T1/2 (h) Cl (mL/min/kg) F (%)

–– 0.4 22 1

0.32 1.2 10 5

�0.38 0.7 29 7

�0.44 –– –– ––

�0.23 –– –– ––

0.08 1.2 13 <1



Table 2. Chain-shortened, des-amide avb3 receptor antagonists: potency, Log P, and pharmacokinetic parameters in dogs10,11
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O

9j 71.7 1.29 17.9 1 36
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half-lives, lower clearance, and increased oral bioavail-
ability when administered to dogs.
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