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Sulfonyl amidines (1) and phosphoryl amidines (2), which were efficiently synthesized via a Cu-catalyzed
one pot reaction, showed potent anti-bone resorptive activity in vitro. Structure activity relationship
studies led to the identification of numerous osteoclast differentiation inhibitors.

© 2009 Elsevier Ltd. All rights reserved.

A practical synthesis of amidines would be very helpful for
medicinal chemists because amidines are found in many bioactive
natural products' and identified as important pharmacophores.?
Recently, efficient one-pot syntheses of amidines using Cu-cata-
lyzed three component coupling reactions have been published.>*
The reaction was proposed to proceed via the formation of a kete-
nimine intermediate, which is generated in situ by the Cu-cata-
lyzed cycloaddition of sulfonyl- or phosphoryl azides with
terminal alkynes followed by the ring-cleavage of the resultant tri-
azoles.” It is believed that the excellent reactivity of the ketenimine
intermediate allows for the amazingly diverse reactions with pro-
nucleophiles such as amines, alcohols, water, and imidazole. In the
present study, we synthesized various sulfonyl- and phosphoryl
amidines according to the reported procedure and evaluated their
biological activity.

Sulfonyl amidines (1) were synthesized from alkyne, amine, and
sulfonyl azide in the presence of Cul catalyst at rt in 66-99% yield.®
In addition, phosphoryl amidines (2) were synthesized from phos-
phoryl azide instead of sulfonyl azide in 38-82% yield.” N-Dime-
thoxy phosphoryl amidine (2k), which had been previously
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obtained in relatively low yield with Cu-catalyzed one-pot
reaction, was synthesized in 88% yield using substitution of the
phenoxy group with methoxide.* Subsequent hydrolysis of the
N-dimethoxy phosphoryl amidine (2k) with TMSCI in the presence
of Nal gave the amidine containing phosphonic acid (2I) in 72%
yield® (Scheme 1).

Based on the methodology in Scheme 1, we prepared 64 sulfo-
nyl amidine derivatives (1) and screened them in vitro for their
anti-cancer, anti-obesity, bone forming, and anti-bone resorptive
activities (Data are not shown). From the screening, amidine 1a
showed anti-resorptive activity with tartrate-resistant acid phos-
phatase (TRAP, a biomarker of osteoclastogenesis; ICso value of
16.7 uM in RAW264.7 cells). In contrast, these same derivatives
did not exhibit efficient anti-cancer, anti-obesity, and bone form-
ing activities at a concentration of 10 pM.° These results suggested
that amidine derivatives could be developed as selective anti-
resorptive osteoporosis drugs.

Bone is constantly remodeled through osteoblast-mediated for-
mation of bone matrix and osteoclast-mediated bone resorption in
order to maintain skeletal strength and integrity. However, an
imbalance in bone remodeling caused by increased bone resorp-
tion over bone formation leads to the reduction of bone mineral
density that is a major cause of several bone disorders such as
osteoporosis.!® Since the loss of bone mass can increase the risk
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Scheme 1. Syntheses of sulfonyl- and phosphoryl amidines.

of fractures, which can lead to serious problems including substan-
tial skeletal deformity, pain, increased mortality and severe eco-
nomic burden,!! the prevention or treatment of loss of bone
mass is an important means of improving the quality of life.
Anti-resorptive agents have been considered as the therapeutic
mainstay for osteoporosis, but there is a need for new anti-resorp-
tive agents without the side effects such as bisphosphonate-related
osteonecrosis of the jaw.!? Therefore, in this report, amidines were
investigated as potential alternative inhibitors of osteoclast
differentiation.

To identify more efficient anti-resorptive amidine derivatives, a
diverse range of sulfonyl- and phosphoryl amidine derivatives
were synthesized as outlined in Scheme 1 and the structure-activ-
ity relationships (SAR) were investigated (Table 1 and Table 2). The
activity was evaluated using a TRAP activity assay and the data are
presented as % of control sample which received no added test
compounds.'® In cases of the most promising candidates, ICsq val-
ues were also calculated, with compounds tested over the concen-
tration range of 0.3-30 puM.

The initial test compound 1a containing n-butyl (R!), diisopro-
pylamino (NR?R3), and p-tolyl (R*) groups showed potent anti-
osteoclastogenic activity with 3% of control activity at 60 uM. To
investigate the effect of the R! group on the activity, the diisopro-
pylamino and p-tolyl groups were held fixed, and the R! group was
varied. The bulkier t-butyl analogue (1b) showed similar activity at
60 nM, but introducing polar functionalities such as hydroxyl (1c)
or chloro groups (1d) reversed the inhibitory activity. The phenyl
derivative 1e did not display a significant improvement in inhibi-
tion, regardless of the presence of the electron donating dimethyl-
amino (1f) or electron withdrawing trifluoromethyl (1g) or nitro
(1h) substituents at the para position. Moreover, pyridyl substitu-

tion (1i) resulted in an inactive analogue. Therefore, aliphatic
chains without polar functionality appear to be the best substitu-
ents for R'.

Interestingly, substitution of the NR?R> group of inactive deriv-
ative 1d resulted in improved inhibitory activity. Substitution of
the diisopropylamino NR?R? group with pyrrolidine (1j), piperidine
(1K), and cis-2,6-dimethylpiperidine (11) gave an improvement in
activity (88%, 57%, and 5% TRAP activity of control at 10 uM,
respectively) as compared to 1d itself (105% of control at 60 ptM).
Refinement of amidine compound 11 with n-butyl R! group (1m)
instead of a 3-chloropropyl group resulted in similar activities
(TRAP ICsq values of 1.8 and 3.3 uM for 11 and 1m, respectively).
Changing the p-tolyl R* group of sulfonyl amidine 1e into p-nitro-
phenyl (1n), 2-pyridyl (10), and methyl (1p) groups was not effec-
tive. Thus, in the sulfonyl amidine series, 11 and 1m were the most
potent inhibitors of osteoclast differentiation with ICsy values of
<5 uM.

In addition to sulfonyl amidines, phosphoryl amidine deriva-
tives (2a-21) were synthesized according to Scheme 1 and SAR of
the series were also investigated (Table 2).

In general, the phosphoryl amidines were more potent than the
sulfonyl amidines, showing anti-resorptive activity at 10 uM
whereas most of the sulfonyl amidines required concentrations
as high as 60 uM to exhibit a similar activity (Table 1).

The phosphoryl amidine compound 2a containing phenyl R!,
diisopropylamino NR?R?, and phenyl R® showed potent activity at
10 uM, with activity ~8-fold more potent than the control.’* With
the exception of 2b, modification of the R! group of phosphoryl
amidine 2a, while holding the diisopropylamino NR?R> and the
phenyl R®> groups constant, resulted in similar activity against
osteoclast differentiation. Introducing the electron-donating
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SAR studies of sulfonyl amidines
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Table 2
SAR studies of phosphoryl amidines
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methoxy group at the para-position of the phenyl R! group (2b)
modestly inhibited the activity (67% of control), but substitution
of the methoxy group by the electron withdrawing NO, group
(2c) restored the inhibitory activity. The phosphoryl amidine deriv-
atives containing a heteroaromatic ring such as pyridyl (2d), a
cycloalkane such as cyclohexyl (2e), and an alkyl chain such as
n-butyl (2f) groups afforded potent activities comparable to 2a.
The phenyl R! and R® groups were then held constant, allowing
the SAR investigation for optimization of the NR?R>. Substitution of
diisopropylamine with piperidine (2g), t-butylamine (2i) and n-
propylamine (2j) was successfully carried out, yielding several po-
tent inhibitors with decreased anti-resorptive activity to ~25% of
control values, but replacement by a morpholine (2h) at this posi-
tion resulted in a twofold decrease in activity to 51% of control.

While keeping phenyl (R!') and diisopropylamino (NRZR3)
groups constant, substitution of the diphenyl phosphonate
(R®=Ph) group with either dimethyl phosphonate (2K) or phos-
phonic acid (2I) resulted in an inactive inhibitor implying that
the diphenyl phosphonate functionality (R® =Ph) is essential for
activity. From the phosphoryl amidine series, 7 compounds
showed potent activity with ICsq values of <10 puM.

In conclusion, a novel series of sulfonyl- and phosphoryl amidines
were synthesized efficiently via a Cu-catalyzed one pot reaction. SAR
studies revealed that phosphoryl amidines are more potent than sul-
fonyl amidines, and the diphenyl phosphonate functionality of phos-
phoryl amidines is critical for anti-resorptive activity. Target protein
identification with an affinity probe and in vivo experiments with
ovariectomized mice are currently underway.
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TRAP activity assay was performed as the following; mouse monocyte
RAW264.7 cells purchased from the American Type Culture Collection (VA,
USA) were suspended in o-MEM with 10% FBS and 100 ng/ml of receptor
activator of nuclear factor-«B ligand, and plated in 96-well plates at a density
of 1 x 10 cells/well. After 24 h, amidine compounds (1 or 2) were treated into
cells. On differentiation day 4, cells were fixed with 10% formalin for 10 min
and 95% ethanol for 1 min, and then 100 pl of citrate buffer (50 mM, pH 4.6)
containing 10 mM of sodium tartrate and 5 mM of p-nitrophenylphosphate
(Sigma) was added to the fixed cells-containing wells. After incubation for 1 h,
the enzyme reaction mixtures in the wells were transferred into new plates
containing an equal volume of 0.1 N NaOH. Absorbance was measured at
410 nm with a Wallac EnVision HTS microplate reader (PerkinElmer, Finland).
The experiment was performed in triplicate.

No cytotoxicity of 11 or 2a was observed up to 10 uM (data not shown).
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