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A general synthetic approach to two new series of methylenebisphosphonates: arylamino-2-ethane-1,1-
diyl- and benzoxazole-2-methylenebisphosphonates is presented. Acid hydrolysis of selected BPs was
undertaken to give the corresponding bisphosphonic acid (BP-acid). Next, the prediction of the
permeability (hydrophobicity) of the target compounds was measured, by a combination of RP-HPLC and
computational techniques, to study the capacity of transporting the molecule through cellular

membranes. Cytotoxicity/growth inhibition of 50% (Glsg, mg/L) and antichronic inflammation properties
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of the products were evaluated. Later on, a comparison of the pharmacological results with water
—octanol partition coefficients (log Kow) of the compounds was also reported.

© 2012 Elsevier Masson SAS. All rights reserved.

1. Introduction

Bisphosphonates (BPs) are very powerful inhibitors of bone
resorption and their main therapeutic use being in diseases with
high bone turnover such as Paget’s disease and osteoporosis [1-5].
This strong affinity of BPs for bone minerals allows the rapid and
selective targeting of bone in vivo [5—8]. In addition to inhibiting
bone resorption, BPs have also been shown to exhibit antiin-
flammatory and antitumor effects. In vivo, BPs inhibit proliferation
and induce apoptosis in cultured human breast cancer cells, and in
turn the chance of development of metastases is much less [9—13].

Bone is a common site of breast and prostate cancer metastasis.
Metastatic bone disease is, however, often associated with bone
pain, pathologic fractures, and nerve compression syndromes. Such
complications result in decreasing the quality of life [9]. Unfortu-
nately, until now there is no cure for patients with bone metastasis.
Therefore, effective therapies to inhibit the progression of bone
metastasis would have important clinical benefits. The ideal drug
delivery system is thought to be one that restricts its pharmaco-
logical activity solely to target sites. Thus, if the drug or delivery
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vehicle has a high affinity for only bone tissue, its therapeutic effect
on bone related disease is maximized and its distribution to other
sites is minimized. Hydroxyapatite [HA, Caio(PO4)s(OH).] is the
major inorganic mineral phase found in bone and teeth, and it is not
present in other tissue under normal circumstances, therefore,
targeting drug delivery to HA is expected to result in a sole delivery
to bone tissue. In sequel, BPs, which are considered to be analogs of
endogenous pyrophosphate, have a significant affinity for HA could
be excellent effective therapies for inhibiting the progression of
bone metastasis. Notwithstanding, the cellular and biochemical
mechanisms of action of BPs are yet to be completely unraveled,
nevertheless, over the last two decades, there was a significant
progress in elucidating the mechanism of action of BPs, which in
general can shorten the life span of osteoclasts by inducing pro-
grammed cell death (apoptosis). Moreover, some important struc-
ture activity relationship (SAR) trends of this class of agents have
emerged [14,15], e.g., by incorporating a hydroxyl group and/or
amino group close from —CP, increases the affinity to hydroxy-
apatite, by at least 10 fold [1,3].

In a previous work, we reported the synthesis of a series of
tetrazoloquinoline-based ethylene bisphosphonic acids of remark-
able antitumor activity against breast (especially MDA-MB-23/ATCC),
and prostate cancer (PC-3 and DU-145) [16]. Later on, we extended
this work and a series of substituted isoquinoline-bisphosphonates
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of potent and promising antineoplastic activity was prepared. Four
BPs cause a dose dependent increase in sister chromatid exchange
(SCE) frequency followed by a decrease of proliferation rate [17]. A
group of heterocyclic-N, S-BPs of more proliferation rate index (PRI)
compared to the control drug were recently reported to compare their
chemistry and their activity with that of their oxygen counterparts as
antitumor agents [18]. In view of the above mentioned facts and in
continuation of our interest in both chemistry and biological activities
of BPs, it was of interest to prepare two series of methylenebi-
sphosphonates: arylamino-2-ethane-1,1-diyl- and benzoxazole-2-
methylene-bisphosphonates and their relevant BP-acids to evaluate
their antitumor- and chronic inflammation properties. The approach
is based on the application of methylenebisphosphonate reagent, 5 to
a group of Schiff-bases, 4a—i. Lipophilicity (permeability) of the
studied compounds was measured before the pharmacological eval-
uation. Drugs cross biological barriers most frequently through
passive transfer, which strongly depends on their lipophilicity. The
prediction of the permeability, which expresses the transport of the
molecule through cellular membranes is therefore, considered one
of the most important physical properties of biologically active
compounds [19,20].

2. Chemistry

The required Schiff bases, 4a—i were generated in high yields
from the condensation of 2-aminophenol 2 with the appropriate
aromatic aldehydes 3a—i. However, 2-amino-4,6-di-tert-butyl-
phenol, 2 is not commercially available, and was therefore
synthesized by aminolysis of the parent 3,5-di-tert-butyl-1,2-
benzoquinone (1, Scheme 1) [21,22]. The reaction procedures for
preparing the target diphosphonate derivatives as well as the
course of the reactions were depicted in Schemes 2—4.

The substrates 4a—d was treated with phosphorus reagent, 5 in
ethanol solution containing EtONa. The reaction mixture was stirred at
r.t. for the proper time (TLC) to give, after the usual workup, tetraethyl
2-(3,5-di-tert-butyl-2-hydroxyphenylamino)-2-(aryl)ethane-1,1-diyl-
diphosphonates, 6a—d as major products (~71%) together with tet-
raethyl  (5,7-di-tert-butyl-2-(aryl)-2,3-dihydrobenzo[doxazol-2-yl)
methylenediphosphonates, 7a—d (<7%). Obviously, nucleophilic
addition of the methylene-C in 5 to the imino-C of 4 gave rise to the

NH; (Ag.) / MeOH NH;
o OH
1 2
& N=CH-Y
5 @ q EtOH
H OH
3a-i
4a-i
3,4a, Y= 4-MeO-CgH, f, Y= 4-Cl-CgH,
b, Y= 4-(Me)sN-CeH, || g, Y=3-Cl-CeH,
c, Y= 4'F_CSH4 h, Y= 2—C|-CSH4

d, Y= 4-02N-C6H4
e, Y= 4-HO-CSH4

i, Y= 2,5-(MeO),-CgHa

Scheme 1. Synthesis of Schiff-bases 4a—i.

products 6a—d. Nevertheless, slight homo-oxidation of 6 resulted in
the formation of oxazoles 7 via an intramolecular cyclization in
tandem of extrusion of a hydrogen molecule. The latter process was
previously discussed for the transformation of 3,5-di-tert-butyl-2-
hydroxyphenylamino derivatives to the corresponding benzoxazoles
[21]. Furthermore, when the above reaction [4 + 5] was allowed to
proceed in methanol solution containing MeONa and catalytic amount
of 2,3-dichloro-5,6-dicyano-benzoquinone (DDQ) [23] oxazoles 7a—
d were obtained as enantiomer products in =75% yields.

Identification of structures 6 and 7 was confirmed by combus-
tion analysis, MS, IR, and NMR-spectroscopy. Compounds 6a—
d [6p = 30, 25 (2d, Jp_p = 26.4 Hz)] have sharp melting points
and did not show any isomerism in the spectroscopic data. The 'H
NMR (500.6 MHz) of 6a revealed two types of methine protons
with two different chemical shifts at 3.73 (dt, Ju_y = 9.3, Jp_
u = 14.4 Hz, H'C—P,) and 4.88 (dt, }Jy_n = 9.3, *Jp_u = 6.2 Hz,
Hb—C*—Y). This large coupling constant (Jy_y) of H® with H? indi-
cates that H? is in anti-configuration to HP-C*. The enantiospecific
isomer 6 was also verified by careful inspection of a model in terms
of the Newman projection, which confirmed the staggered anti-
conformation of H® and H2.

On the other hand, oxazole-2-methylenediphosphonate 7a was
analyzed correctly for C31Hg9NOgP>: m/z (%): 624 (17) [MT — 1].In
the NMR spectra of 7a, the presence of the exocyclic methine
moiety (CH—P;) was found at oy 3.06 (t, ZJP—H = 16.8 Hz) and at 0.
38.7 (t, Yp_c = 168.3 Hz). These data excluded any possible cycli-
zation reaction involving the methylenediphosphonate moiety
(structure 8), and confirmed that the intramolecular cyclization
proceeded via the other HC-Y-moiety.

In contrast to the above result, applying the reagent 5 to the
Schiff bases 4e—i in MeONa solution at r.t., using the same amounts
did not show any appreciated reaction, and the starting material
4e—i was recovered practically unchanged. However, the reactions
between 4e—i and 5 were completed smoothly, only on heating the
reaction mixture under reflux temperature and in the presence of
DDQ in the medium, to yield the respective oxazole-2-
methylenediphosphonates 7e—i (=76%) (Scheme 3).

Recent advances in pharma laboratories have impressively iden-
tified remarkable therapeutics from 1,1-bisphosphonic acid to 1,1-
bisphosphonate ester counterparts [1]. Consequently, based on
evaluation results of the permeability of the synthesized BPs, hydro-
lysis of representative BPs 6b,c, 7b,c, and 7f—h was undertaken to give
the corresponding BP-acids 9a,b and 10a—e (Scheme 4).

The structures suggested for all new compounds are in good
agreement with their analytical and spectral data (see
Experimental section).

3. Pharmacological evaluation
3.1. Prediction and lipophilicity

Hydrophobicity is one of the most important physical properties
of biologically active compounds. This thermodynamic parameter
describes the partitioning of a compound between an aqueous and
an organic phase and is characterized by the partition coefficient
(log P). Reversed phase high performance liquid chromatography
(RP-HPLC) methods have become popular and are widely used for
lipophilicity measurement [19,20]. The general procedure consists
of the measurement of the directly accessible retention time under
isocratic conditions with varying amounts of an organic modifier in
the mobile phase using end-capped non-polar C18 stationary RP
columns and calculating the capacity factor K. Log K, calculated
from the capacity factor K, is used as the lipophilicity index and
then converted to log P scale [24].
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Scheme 2. Synthesis of BPs 6a—d and 7a—d.

Hydrophobicities of the new compounds 6a—d, 7a—i, 9a,b, and
10a—e, Log P, i.e. the logarithm of the partition coefficient for n-
octanol/water, was calculated using the programs CS ChemOffice
Ultra ver. 9.0 (CambridgeSoft, Cambridge, MA, U.S.A., Clog P) and
ACD/LogP ver. 1.0 (Advanced Chemistry Development Inc. Toronto,
Canada), softwares. The results are shown in Table 1. The displayed
data showed that the experimentally determined log K values
correlate relatively poorly with all computed lipophilicity data
using ACD/Log P program. Nevertheless, log P values calculated by
the ChemOffice software (Clog P) agree better with both targets BPs
and BP-acids. On the other hand, obviously, the dimethoxy
substituent 7i possessed, as expected, the lowest lipophilicity (log
K) while the phenolic N-BP-acid, 9a showed the highest lip-
ophilicity. Generally, BP-acid series has higher measured perme-
ability than their BP-counterparts. Also, amino-substituted BPs 6a—
d display, in contrast with our expectations, better hydrophobicities
(log P/Clog P values) than the corresponding oxazole analogs.
Nevertheless, looking insight one series, e.g., oxazole-BPs 7a—i, the
substituent effect on the activity is in the order of: dimethylamine
7b > flouro 7c > hydroxyl 7e > chloro 7f—h > methoxy 7a > nitro
7d > dimethoxy 7i. Finally, only slight differences were observed in
the permeability’s (log K) between the isomers 7f, 7g or 7h of the
same substituent (Cl) in one molecule.

3.2. Biological assessment

3.2.1. Antitumor activity screening

Antitumor activity of selected BPs 6b,c, 7b,c and BP-acids 9a,b
and 10a—c was carried out at a dose of 10 uM utilizing 16 different
human tumor cell lines; representing breast, ovarian, prostate, as
well as liver, according to the previously reported standard method
[24,25]. Substrates 4a and 4g were also biologically tested in a trial
to reflect the effect of introducing BP-moiety.

The results were displayed in Table 2 and showed an interesting
activity for several compounds. For the purpose of the study, cell
line growth inhibition with >50% at a concentration of 10 uM was
considered to be a noticeable activity. Other than the substrates 4a
and 4g, all synthesized compounds reflect remarkable antitumor
activity against breast (especially MDA-MB-231/ATCC and BT-549),
and prostate carcinoma cell lines (PC-3 and DU-145), whereas
a moderate to good effect was observed on ovarian and liver cancer
cells. The four most active compounds are 9a > 9b > 10a > 6b. SARs
correlation for these reported observations revealed that the
presence of dialkylamino group as a substituent to the aryl-moiety
is usually associated with the enhancement in antitumor properties
as indicated in compounds 6b, 7b, 9a, and 10a. Furthermore, the
data showed that the BP-acid series has higher activity than their
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f, Y=4-Cl-CgH,
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Scheme 3. Synthesis of BPs 7e—i.
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Scheme 4. Synthesis of BP-acids 9a,b and 10a—e.

BP-counterparts. Finally, it could be assumed, in general, that the
four compounds of the most antitumor activity are the same of the
highest lipophilicity. However, a straight correlation between the
activity and lipophilicity of BPs or BP-acids was not found, and the
antitumor activity seems to be independent of lipophilicity and
dependent on chemical structure. Further studies on experimental
tumors in vivo for evaluating the possible antineoplastic potential
of the most promising compounds are in progress.

3.2.2. Antiinflammatory screening

The in vivo antiinflammatory activity of all BP-products, 6a—
d and 7a—i, as well as BP-acids 9a,b and 10a—e was determined
by using a delayed-type hypersensitivity granuloma model [26],
and were compared with that of the BP-drug, risedronate, 11 at the
same dose. The substrates 4a and 4g were also tested to reflect the
effect of introducing the phosphorus moiety. BP-11 was selected for
its optimal potency and safety in early screening of similar assays
[1]. Furthermore, this model is unaffected by traditional nonste-
roidal antiinflammatory drugs, such as indomethacin, aspirin or
ibuprofen [27].

A delayed-type hypersensitivity granuloma assay is a model of
chronic inflammation, in which mice were previously sensitized to
methylated bovine serum albumin (mBSA) and subjected to

Table 1
Comparison of the determined log K values with the calculated lipophilicity (log P/
Clog P) and ACD/LogP ver. 1.0, of 6a—d, 7a—i, 9a,b, and 10a—e.

Cpd Y Log P (Clog P/ Log P ACD/LogP
ChemOffice) ver. 1.0
6a 4-MeO—CgH4 7.49/3.06544 7.05 + 0.51
6b 4-(Me);N—CgHy4 8.01/3.31144 7.24 + 0.52
6¢ 4-F—CgHy 7.88/3.28944 7.18 +£ 0.57
6d 4- 0;N—CgHy NT/2.88944 6.86 + 0.51
7a 4-MeO—CgHy 8.19/4.92904 6.70 + 0.73
7b 4-(Me),N—CgH4 8.71/5.17504 6.90 + 0.73
7c 4-F—CgHa 8.58/5.15304 6.84 +£0.77
7d 4-0,N—CgHy NT/4.75304 6.52 + 0.73
7e 4-HO—CgHy 8.16/3.43404 6.05 + 0.73
7f 4-Cl—CgHy 8.96/5.72304 7.38 £ 0.73
7g 3-Cl—CgHy 8.96/5.72304 7.38 £ 0.73
7h 2-Cl—CgHy 8.96/5.72304 7.38 £ 0.73
7i 2,5-MeO—CgH4 7.94/5.01804 6.67 £ 0.75
9a 4-(Me);N—CgH4 6.51/0.7106 2.63 +£0.72
9b 4-F—CgHy 6.38/0.68864 2.57 £ 0.76
10a 4-(Me),N—CgH4 7.21/2.57424 229 +0.89
10b 4-F—CgHy 7.08/2.55224 223 £0.92
10c 4-Cl—CgHy 7.46[3.12224 2.78 + 0.88
10d 3-Cl—CgHy 7.46/3.12224 2.78 +£ 0.88
10e 2-Cl—CgH4 7.46/3.12224 2.78 £ 0.88

surgical implantation of sc in the dorsum of the mice in order to
generate granuloma. All compounds were prepared as solutions or
emulsions and the pH was adjusted to 7.4. Each mouse received the
tested compound in a volume of 0.1/10 g of body weight sc in the
scruff of the neck. Dosing (25—100 mg/kg) commenced on the day
of implantation of the soaked discs and was continued thereafter
on a daily basis until day nine, when the mice were euthanized. The
granulomatous lesions were then excised and measurements were
taken for both wet and dry tissue weights. The data is displayed in
Table 3 and Fig. 1. The results were analyzed by Student’s paired t
test. Structure 11

The data in Table 3 shows that 11 reproducibly inhibited gran-
uloma wet- and dry weights and served as a positive control in
other experiments. Other than the substrates 4a and 4g, ten of
twenty tested new compounds have moderate to good antiin-
flammatory properties when compared with the standard drug 11,
without toxic side-effects toxicity (evaluation result is provided as
Supplementary document). Compounds 6b,c, 7b,c, and 7f—h
significantly inhibited the granuloma in a dose-dependent
manner, while 6d, 9a, and 9b displayed an inhibitory effect,
which is almost equivalent to that of risedronate at 100 mg/kg. BPs
64, 7i, and BP-acids 10a—c showed marginal activity against the dry
weight granuloma. In contrast, the substrates 4a and 4g were
inactive at all doses.

Structure-activity correlation based on the obtained results
indicates that the presence of the bisphosphonate moiety is an
essential factor in developing the total pharmacological properties
for these compounds. Compounds 6b,c 7b,c, and 7f—h are the most
active structures among all products, and the presence of the free or
alkylatedamino group highly enhanced the efficacy of the
compounds, 6b, 7b, 9b, and 10b. In contrast, introducing the two
methoxy groups at the phenyl moiety (e.g., see compound 7i) results
incomplete loss of the activity. Conversion of 6b and 6c¢ to the cor-
responding bisphosphonic acids 9a and 9b results in decreasing the
activity. This observation is not surprising as it is previously reported
in similar occasions [26]. The results of the bioassay also indicate that
the activity of the tested BPs on chronic inflammation is dose
dependent. Finally, the results also show that the experimentally
determined log K values (Table 1) are in moderate agreement with
the antiinflammatory properties for the same compounds.

4. Conclusion

In summary, the present investigation offered two new series of
BPs: 2-hydroxyphenylamino-2-ethane-gem-diphosphonates and
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Table 2
Concentrations resulting in growth inhibition of 50% (Glso, mg/L) of in vitro human tumor cell lines of 6b,c, 7b,c, 9a,b, and 10a—c.

Panel/cell line Compounds

4a/4g 6b 6¢ 7b 7c 9a 9b 10a 10b 10c
Breast cancer
MCcF7 > 46 173 26.80 14.88 25.21 8.40 15.7 9.80 14.58 10.64
NCI/ADRRES > 46 18.32 9.37 17.8 20.1 6.20 6.45 6.80 12.41 18.05
MDA-MB-231/ATCC > 46 10.6 11.93 12.74 14.72 4.83 5.68 8.9 10.12 115
HS578T > 46 14.80 26.92 26.10 242 8.92 10.6 20.2 8.36 24.12
MDA-MB-435 > 46 14.60 18.08 16.02 16.4 532 9.85 8.84 134 14.5
BT-549 > 46 133 18.13 5.05 11.97 5,05 146 NT 321 NT
T-47D > 46 14.06 14.12 17.05 22.18 11.08 11.65 13.57 13.42 13.55
Ovarian cancer
IGROVI > 46 153 14.8 20.2 26.1 7.9 11.6 16.8 20.6 248
OVCAR-3 > 46 741 114 16.55 189 44 74 145 10.7 NT
OVCAR-4 > 46 9.8 10.6 10.18 10.52 3.6 4.32 4.83 8.65 10.18
OVCAR-5 > 46 16.5 25.6 17.8 NT 30.6 16.3 10.3 40.04 36.6
OVCAR-8 > 46 14.06 284 2141 NT 114 135 12.66 13.7 28.6
SK-OV-3 > 46 16.5 16.76 14.46 17.13 11.53 13.6 12.6 13.68 16.5
Prostate cancer
PC-3 > 46 6.98 8.6 142 14.2 3.82 5.6 10.82 19.6 >52
DU-145 > 46 6.54 9.42 11.23 11.6 2.38 4.52 8.75 153 10.5
Liver cancer
HEPG2 > 50 7.96 7.97 15.5 16.7 3.16 3.42 8.52 2423 3242

NT: not tested.

benzoxazole-2-methaylenediphosphonates as antitumor and anti-
inflammatory drugs. We have also attempted in this research work
to utilize the high bone specificity of BP-acids with other chemical
moieties of potential anticatabolic pharmacology to test the new
compounds for treating tumor proliferation diseases. The obtained
results indicated percentage growth inhibition of 50% (Glso, mg/L)
for several new BP-acids.

Biological evaluation versus chronic inflammation was also
tested whereby the screening result indicated the presence of free
phenolic (OH), amine and/or alkylatedamino group in the BPs
would enhance their potency. These groups may facilitate the
binding to the metal atom in the active site of the matrix metal-
loproteinases (MMPs) [19,20]. In parallel, the hydrophobicity
evaluation of the target compounds was tested as a prediction and
prerequisite for pharmacological screening and drug development.
The prediction of the measured permeability (lipophilicity) was
measured by means of RP-HPLC and a computational technique
was also reported in this communication. Unfortunately, the results
showed that the experimentally determined log K values (Table 1)
correlate relatively poorly with the evaluated pharmacological
potency.

5. Experimental section

Melting points (uncorrected) were determined with open
capillary tube on an Electrothermal (variable heater) melting point
apparatus. IR spectra were recorded on a JASCO FT-IR 6100 using
KBr disc. NMR spectra were measured with a JEOL E.C.A-500 MHz
(13C: 125.8 MHz, 'H: 500.6 MHz, 3'P: 200.7 MHz) spectrometer. >'P
NMR spectra were recorded with H3PO4 (85%) as external refer-
ence. 'H and 3C NMR spectra were recorded with trimethylsilane
as internal standard in CDCl3 or DMSO-dg. Chemical shifts (¢) are
given in ppm. The mass spectra were performed at 70 eV on an MS-
50 Kratos (A.E.L.) spectrometer provided with a data system. The
appropriate  precautions in  handling moisture-sensitive
compounds were observed. The purity of all new samples was
verified by microchemical analysis (H/C/N/P) and spectroscopy.
Solvents were dried by standard techniques. TLC: Merck 0.2 mm
silica gel 60 F254 analytic aluminum plates. Column chromatog-
raphy (CCQ): silica gel (Kieselgel 60 mesh, particle size 0.2—0.5 mm;
E. Merck, Darmstadt). All international principles and local

regulations concerning the care and use of laboratory animals were
considered during the pharmacological screening. The substrates
4a—i were prepared according to the reported method [21,22].

5.1. General procedure of bisphosphonates (BPs) 6a—d and 7a—d

A solution of 4.2 mmol of tetraethyl methylenebiphosphonate, 5
in 10 mL of absolute ethanol containing 9.12 mmol sodium (Na) was
stirred at 0 °C for about 0.5 h. A solution of 3.8 mmol of the Schiff-
base 4a—d in 10 mL of EtOH was then added in one portion, and the
reaction was stirred at r.t., for =12 h (TLC). The product mixture
was cooled, poured into ice-water, and acidified with conc HCI to
pH =6, followed by extraction with AcOEt (3 x 50 mL), and the
combined organic phase was dried over anh. Na;SOg4. After removal
of the volatile materials under vacuum, the resulting residue was
chromatographed on silica gel with n-hexane/CHCl3 to give the
respective BPs 6a—d and 7a—d.

5.2. Reaction of 4a with 5

Reagents: (E)-2,4-Di-tert-butyl-6-(4-methoxybenzylideneamino)
phenol, 4a (1.3 g, 3.8 mmol), BP-reagent 5 (1.2 mL, 4.2 mmol), EtONa
(0.2 g of Na, 9.1 mmol), and EtOH (20 mL). The product residue was
chromatographed with n-hexane/CHCl5 (6:4 v/v) to give 7a, followed
with (1:1 v/v) to give 6a.

5.2.1. Tetraethyl (5,7-di-tert-butyl-2-(4-methoxyphenyl)-2,3-
dihydrobenzo[d]oxazol-2-yl)methylenediphosphonate, 7a

Colorless crystals, yield: =7%, mp 152—154 °C (from CH,Cl;). IR
(cm™ Y, KBr): vmax 3334w (NH), 1235, 1221 (2P=0, bonded), 1179,
1064 (2P—0—C). 'H NMR [CDCl3] ppm: 1.26, 1.34 (2dt, Jy_y = 6.6,
4Jo_y = 4.6 Hz, 2x 6H, 4H3CCOP), 1.35, 1.40 (2s, 2x 9H, 2(H3C)3C),
3.06 (t, 2Jp_n = 16.8 Hz, 1H, HC—P,), 3.46 (s, 3H, H3CO), 4.14, 4.24
(2dq, Jii—n = 6.6, >Jp_1 = 7.2 Hz, 2 x 4H, 4H,COP), 7.15—7.68, 8.27 (mn,
6H, H—Ar), 8.88 (s (br), 1H, HN). '>*C NMR [CDCl5] ppm: 158.4, 146.2,
137.4, 134.8, 133.3, 1271, 122.3, 118.6, 116.5, 110.5 (C—Ar), 61.2 (d,
2jp_¢ = 10.5 Hz, CH,0P), 55.2 (CH30), 38.7 (t, 'Jo_c = 168.3 Hz,
C—P,), 37, 31.7 (2C(CHs)3), 31.2, 304 (2(CH3)5C), 154 (d, 3Jp_
¢ = 7.5 Hz, CH3COP). 3'P NMR [CDCl3] ppm: 24.3, 28.6 (2d, %Jp_
p = 24.4 Hz, P,—C). EI-MS: in m/z (%): 624 (17) [M™ — 1], 593 (36)
[M* — 32(H + OMe)], 319 (48) [M* — 306 (H + OMe + 2
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Table 3
Delayed-type hypersensitivity granuloma results of BPs 6a—d, 7a—i, and BP-acids 9a,b and 10a—e.
No Dose (mg/kg) sc” [% Inhibtn/granuloma Potency(%) dose Lipophicity Coincidence P/E®
Dry wt Wet wi (100 mg/kg (dry) prediction log K

11 100 48*** 44> 100 — —
60 44* 40
25 33 30

6a 100 46%%* 40%** 95.8 0.5726 7/+d
60 42%* 34*
25 30 22

6b 100 55%** 42* 114.6 0.9981 +/+
60 53 43
25 42 30

6¢ 100 50** 471 104.2 0.9254 +[+
60 45 33
25 38 23

6d 100 45% 42%* 93.8 0.5331 —/+
60 50 28
25 36 25

7a 100 32%% 25™* 66.7 0.5044 —/-
50 16 15

7b 100 49* 44 102.1 0.8445 +/+
60 38 32
25 22 13

7c 100 44* 40** 91.7 0.7515 +/+
60 37 28
25 24 20

7d 100 32 24* 66.7 0.4065 —/-
50 22 19*

7e 100 42757 36* 87.5 0.6972 —[+
50 30 23

7f 100 41 36* 854 0.6723 —[+
50 32 21

7g 100 40** 24* 833 0.8507 +/+
50 30 20

7h 100 40* 34* 833 0.8445 +[+
50 28 21

7i 100 18* 16* 375 0.3281 —/-
50 14 10

9a 100 427 33** 87.5 1.0021 +/+
50 29 <10

9b 100 447+ 34%* 91.7 1.0005 +[+
60 40 31
25 32 22

10a 100 38** 33 79.2 0.9245 +[+
50 26 18

10b 100 445 39** 91.7 0.9118 +/+
50 33 24

10c 100 30* 28** 62.5 0.8543 +/—
50 24 18

10d 100 31* 30** 64.6 0.8555 +/—
50 26 20

10e 100 30* 30** 62.5 0.8478 +/—
50 27 21

4a 100 15** 30™* 313 — —
50 12 16

4g 100 <10™* <10** - - -
50 <10 <10

2 (**)p < 0.001, (*) p < 0.01, (*) p < 0.05; p is the percentage of inhibition.
b sc: subcutaneously.

€ (P[E): P — prediction (lipophilicity); E — experiment (antiinflammatory); P/E — accuracy of prediction.

d

+/+ means that both lipophilicity prediction and antiinflammatory give positive results; —/— means that both lipophilicity prediction and antiinflammatory give negative

results; +/— means that the lipophilicity prediction gives positive result but antiinflammatory gives negative results; —/+ means that the lipophilicity prediction gives

negative results but antiinflammatory gives positive results.

[P(O)(OEt),)]), 306 (100) [M* — 319 (H + OMe -+ CH [P(O)(OEt),]2)],
287 (58) (CH[P(O)(OEt)],), 137 (46) (P(O)(OEt),), 77 (5). Anal. Calcd
for C31H49NOgP, (625.7): C, 59.51; H, 7.89; N, 2.24; P, 9.90. Found: C,
59.54; H, 7.84; N, 2.20; P, 9.95.

5.2.2. Tetraethyl 2-(3,5-di-tert-butyl-2-hydroxyphenylamino)-2-
(4-methoxyphenyl)ethane-1,1-diyl-diphosphonate, 6a

Colorless crystals yield: 71%, mp 193—195 °C (from MeOH). IR
(cm™!, KBr): vmax 3464, 3348,, (OH & NH), 1234, 1228 (2P=0,

bonded), 1161, 1144 (2P—0—C). TH NMR [CDCls] ppm: 1.22,1.31 (2dt,
Jin = 7.2, 4p_n = 5.6 Hz, 2x 6H, 4H3CCOP), 1.35, 1.38 (2s, 2x 9H,
(H3C)3C), 3.36 (s, 3H, H3C0), 3.73 (dt, Ju—n = 9.3, Jp_n = 144 Hz, 1H,
HaC—Pz), 4.00,4.34 (quv]H—H =72, 3]p_H =5.6 Hz, 2x 4H, 4H2COP),
4.88 (dt, Jy_n = 9.3, >Jp_y = 6.2 Hz, 1H, H’—C*), 7.05-7.62, 8.23 (m,
6H, H—Ar), 9.32 (s, br, 1H, HN), 9.98 (s (br), 1H, HO).">*C NMR [CDCl;]
ppm: 158.8, 151.5, 146.1, 138.8, 136.7, 134, 130.9, 122.9, 118.2, 113.1
(C—Ar), 64.5 (d, ]Jp_c = 16.5 Hz, C*HCP), 60.6 (d, %Jp_c = 10.5 Hz,
CH,0P), 55.1 (OCH3), 44.2 (t, YJp_c = 168.3 Hz, C—P;), 37.4, 35.3
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Fig. 1. Antiinflammatory activity of BPs 6a—d and 7a—i, and BP-acids 9a,b and 10a—e.

(2C(CHs)3), 31.2, 29.5 (2(CH3)5C),15.3 (d, 3Jp_c = 7.5 Hz, CH3COP).
31p NMR [CDCl5] ppm: 26.6, 31.3 (2d, YJp_p = 26.4 Hz, P,—C).
EI-MS: in m/z (%): 625 (13) [M* — 2], 607 (23) [M* — 20
(2H + H,0)], 576 (18) [M* — 51(2H + H,0 + OMe)], 439 (34)
[M* — 188 (2H + H,0 + OMe + P(O) (OEt))], 302 (100)
[M* — 325(2H + Hy0 + OMe+2{P(O)OEt);})], 287 (46) (CH
[P(O)(OEt)]2), 137 (66) (P(O)OEt)y), 77 (56). Anal. Calcd for
C31H5:NOsP, (627.7): C, 59.32; H, 8.19; N, 2.23; P, 9.87. Found: C,
59.39; H, 8.14; N, 2.18; P, 9.92.

5.3. Reaction of 4b with 5

Reagents:  (E)-2,4-Di-tert-butyl-6-(4-(dimethylamino)benzyli-
deneamino)phenol, 4b (1.3 g, 3.8 mmol), BP-reagent 5 (1.2 mlL,
4.2 mmol), EtONa (0.2 g of Na, 9.1 mmol), and EtOH (20 mL). The
product residue was chromatographed with n-hexane/CHCl3 (6:4
v/v) to give 7b, followed with n-hexane/CHCl3 (1:1 v/v) to give 6b.

5.3.1. Tetraethyl (5,7-di-tert-butyl-2-(4-dimethylaminophenyl)-2,3-
dihydrobenzo[d]oxazol-2-yl)methylenediphosphonate, 7b

Colorless crystals yield: =7%, mp 133—135 °C (from cyclo-
hexane). IR (cm™', KBr): vmax 3350, (NH), 1236, 1226 (2P=0,
bonded), 1164, 1079, (2P—0—C). 'H NMR [CDCl3] ppm: 112, 1.28
(2dt, Ju-n = 6.7, 4]1371-1 = 4.5 Hz, 2x 6H, 4H3CCOP), 1.33, 147
(2s, 2x 9H, 2(H3C)3C), 3.36 (t, YJp_y = 17 Hz, 1H, HC—P,), 3.83,
(s, 6H, (H3C)2N), 4.11, 4.22 (2dq, Ju—_n = 6.7, 3Jp_n = 5.8 Hz, 2x 4H,
4H,COP), 6.97—7.76, 8.33 (m, 6H, H—Ar), 8.96 (s(br), 1H, HN). 3C
NMR [CDCl3] ppm: 149.1,146.2,137.4,134.7,130.6,125.3,118.8,117.8,
115.4, 110.6 (C—Ar), 61.2 (d, 4Jp_¢ = 10.5 Hz, CH,0P), 40.6 (N(CHs)3),
38 (d, YJp_c = 173.3 Hz, C—P,), 37, 31.7 (2 C(CH3)3), 312, 30.4
(2(CH3)3C), 15.4 (d, 3Jp_c = 7.5 Hz, CH3COP). *'P NMR [CDCls]
ppm: 24.8, 28.7 (2d, )Jp_p = 22.4 Hz, P,—C). EI-MS: in m/z (%):
637 (14) [M* — 1], 593 (56) [MT — 45(H + N(Me),], 319 (28)
[M™ — 319(H + N(Me), + 2{P(O)(OEt);)}), 306 (100) [M* — 332

i
P(OH),
= P(OH),
~ HO I\
N o)

Structure 11. . Risedronate.

(H 4+ N(Me); + CH[P(O)(OEt);]2)], 287 (40) (CH[P(O)(OEt)]2),
137 (46) (P(O)(OEt)2), 77 (77). Anal. Calcd for C33Hs52N207P; (638.7):
C, 60.17; H, 8.21; N, 4.39; P, 9.70. Found: C, 60.13; H, 8.15; N, 4.33;
P,9.77.

5.3.2. Tetraethyl 2-(3,5-di-tert-butyl-2-hydroxyphenylamino)-2-
(4-dimethylaminophenyl)ethane-1,1-diyldiphosphonate, 6b

Colorless crystals, yield: 70%, mp 171—-173 °C (from EtOH). IR
(cm™ L, KBr): vmax 3444, 3367 (OH & NH), 1242, 1219 (2P = O, bonded),
1050,1034 (2P—0—C). 'H NMR [CDCl5] ppm: 1.22,1.29 (2dt, Ju—n = 6.6,
4Jp_y=4.8 Hz, 2 6H, 4H3CC-OP),1.37,1.52 (25,2 x 9H, 2(H5C)3C), 3.53
(s, 6H, MeaN), 3.77 (dt, Ju—n = 9.5, p_u = 15.6 Hz, 1H, H*C—P>), 4.05,
423 (qu, JH-H = 6.6, 3_]1)4-[ = 7.2 Hz, 2x 4H, 2H2COP), 5.04 (dt, Ju—
H = 957Jp_y = 6.2 Hz, 1H, H°—*C), 7.02—7.67, 8.23 (m, 6H, H—Ar),
9.03 (s (br), 1H, HN), 10.19 (s (br), 1H, OH). *C NMR [CDCl3] ppm:
151.2,148.6,146.6,138.4,136.8,131.6,129.5,122.7,114.4,113.6 (C—Ar),
64.7 (d, %Jp_c = 13.6 Hz, C*HCP), 62.4 (d, %Jp_c = 11.3 Hz, CH,0P), 47.6 (t,
Yo_c=174.2 Hz, C—P5),39.5 [(CH3),N], 37.2,35.3 (2C(CH3)3), 31.6, 30.3
(2(CH3)30)15.6 (d, 3Jp_c = 7.5 Hz, CH3COP). 3'P NMR [CDCl3]
ppm: 23.8, 27.7 (2d, YJp_p = 32.4 Hz, P,—C). EI-MS: in m/z (%): 638
(40) [M* — 2], 620 (28) [M* — 20(2H + H,0)], 576 (23) [M* — 64
(2H + H20 + NMey)], 439 (54) (M* — 201 (2H + H»0 + NMe,+P(0)
(OEt)2)], 302 (100) (M* — 338 (2H + H,0 + NMe,+2{P(0)(OEt),})],
287 (16) (CH[P(O) (OEt),]2), 137 (36) (P(O)(OEt)y), 77 (66). Anal. Calcd
for C3,H54N207P5 (640.7): C, 59.99; H, 8.49; N, 4.37; P, 9.67. Found: C,
60.05; H, 8.43; N, 4.31; P, 9.74.

5.4. Reaction of 4¢ with 5

Reagents: (E)-2,4-Di-tert-butyl-6-(4-fluorobenzylideneamino)
phenol, 4¢ (1.2 g, 3.8 mmol), BP-reagent 5 (1.2 mL, 4.2 mmol), EtONa
(0.2 g of Na, 9.1 mmol), and EtOH (30 mL). The product residue was
chromatographed with n-hexane/CHCl; (6:4 v/v) to give 7c, fol-
lowed with n-hexane/CHCls (1:1 v/v) to give 6c.

5.4.1. Tetraethyl (5,7-di-tert-butyl-2-(4-fluorophenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl)methylenediphosphonate, 7c

Colorless crystals, yield: =5%, mp 94—96 °C (from pentane). IR
(cm~, KBr): vmax 3340, (NH), 1236, 1226 (2P=0, bonded), 1154,
1097 (2P—0—C). 'H NMR [CDCls] ppm: 113, 1.27(2dt, Jy_y = 6.5,
4p_y = 4.3 Hz, 2x 6H, 4H3CC-OP), 1.36, 1.57 (2s, 2x 9H, (H3C)3C),
2.96 (t, 2Jp_y = 18.8 Hz, 1H, HC—P,), 4.06, 4.17 (2dq, Ji_n = 6.5, >Jp_
1= 5.6 Hz, 2 x 4H, 4H,COP), 7.17—7.86, 8.15, 8.17 (m, 6H, H—Ar), 9.04
(s (br), TH, HN). >C NMR [CDCl3] ppm: 164.6, 158.5, 146.2, 137.4,
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132.3,127.6,120.2,119.9,118.6,110.3 (C—Ar), 61.4 (d, ?Jp_c = 10.5 Hz,
CH,0P), 38.2 (t, Yp_c = 158.3 Hz, C—P5), 37.3, 31.7 (2C(CH3)3), 31.2,
30.4 (2(CHs3)3C), 15.4 (d, 3Jp_c = 7.5 Hz, CH3COP). 3'P NMR [CDCl3]
ppm: 26.6, 29.3 (2d, ]Jp_p = 30.2 Hz, P,—C). EI-MS: in m/z (%): 612
(21) [M* — 1], 593 (66) [M* — 20 (H + F)], 319 (33) (M* — 294
(H + F+2{P(0)OEt),})], 306 (100) [MT — 307 (H + F + CH
{P(O)(OEt)2}2)], 287 (16) (CH[P(O)(OEt)]2), 137 (36) (P(O)(OEt)z),
77 (86). Anal. Calcd for C3oH46FNO7P; (613.6): C, 58.72; H, 7.56; F,
3.10; N, 2.28; P, 10.10. Found: C, 58.76; H, 7.49; F, 3.15; N, 2.24; P,
10.17.

5.4.2. Tetraethyl 2-(3,5-di-tert-butyl-2-hydroxyphenylamino)-2-
(4-fluorophenyl)ethane-1,1-diyldiphosphonate, 6¢

Colorless crystals, yield: 72%, mp 138—140 °C (from EtOH). IR
(cm’], KBr): ymax 3427,3335,,(OH & NH),1238,1222 (2P=0, bonded),
1085,1066 (2P—0—C). '"H NMR [CDCl5] ppm: 1.16,1.32 (2dt, Jy_n = 7.2,
4Jp_y= 5.6 Hz, 2x 6 H, 4H3CCOP), 1.36,1.52 (25, 2x 9H, 2(H3C)3C), 3.23
(dt, Jyu_n = 9.6, Jp_p = 16.1 Hz, 1H, H'C—P5), 4.11, 414 (2dq, Ju_n = 7.2,
3Jp_y = 5.9 Hz, 2x 4H, 4H,COP), 5.24 (dt, Jy_y = 9.6, }Jp_y = 7.6 Hz,
1H, HP—C*), 7.06—7.77, 8.24 (m, 6H, H—Ar), 8.92 (s, br, 1H, HN), 9.58
(s (br), 1H, HO). BC NMR [CDCl3] ppm: 163.8,151.8,146.1,138.8,136.4,
130.2,123.4,120.3,119.8,113.6 (C—Ar), 65.7 (d, *Jp_c = 11.8 Hz, C*HCP),
60.4 (d, ¥p_c = 113 Hz, CH,0P), 46.8 (t, Yp_c = 155.2 Hz,
C—P,), 372, 353 (2C(CH3)) 316, 303 (2(CH3)C)162 (d,
3Jp_c = 7.2 Hz, CH3COP). 3P NMR [CDCl5] ppm: 23.7, 25.8 (2d,
2Jo_p = 31.1 Hz, P,—C). EI-MS: in m/z (%): 613 (18) [M™ — 2], 595 (21)
[M* — 20 (2H + H,0)], 576 (63) [M* — 39(2H + H,0 + F)], 439 (24)
[Mt — 176 (2H + H20 + F + P(O)(OEt))], 303 (100) (M* — 313
(2H + H,0 + F+2P(0O)(OEt),)], 287 (16) (CH[P(O)OEt),]2), 137 (36)
(P(O)(OEt)y), 77 (86). Anal. Calcd for C3oH4gFNO,P; (615.6): C, 58.53;
H, 7.86; F, 3.09; N, 2.28; P, 10.06. Found: C, 58.49; H, 7.82; F, 3.11; N,
2.24; P,10.12.

5.5. Reaction of 4d with 5

Reagents:  (E)-2,4-Di-tert-butyl-6-(4-nitrobenzylideneamino)
phenol, 4d (1.3 g, 3.8 mmol), BP-reagent 5 (1.2 mL, 4.2 mmol),
EtONa (0.2 g of Na, 9.1 mmol), and EtOH (30 mL). The product
residue was chromatographed with n-hexane/CHCl; (6:4 v/v) to
give 7d, followed with n-hexane/CHCl3 (1:1 v/v) to give 6d.

5.5.1. Tetraethyl (5,7-di-tert-butyl-2-(4-nitrophenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl) methylenediphosphonate, 7d

Straw yellow crystals, yield: ~5%, mp 164—165 °C (from EtOH). IR
(ecm~, KBr): ¥max 3334y (NH), 1242, 1226 (2P=0, bonded), 1056, 1044
(2P—0—C). 'H NMR [CDCl3] ppm: 1.14, 117 (2dt, Jy_n = 7.2, Yp_
1 = 4.3 Hz, 2x 6H, 4H3CC-OP), 1.35, 1.41 (2s, 2x 9H, 2(H3C)3C), 3.26
t, 2Jp_y = 18.5 Hz, 1H, HC—P;), 3.97, 404 (2dq, Ju_n = 7.2, 3Jp_
g = 5.5 Hz, 2x 4H, 4H,COP), 7.37, 7.69, 8.37, 8.42 (m, 6H, H—Ar),
9.06 (s(br), 1H, HN). 3C NMR [CDCl3] ppm: 148.3,146.2, 137.4, 134.7,
132.6,127.5,126.4,118.6, 115.4,110.3 (C—Ar), 61.8 (d, sz_c = 10.5 Hz,
CH,OP), 42.6 (t, YJo_c = 182.6 Hz, C—P,), 37, 31.7 (2C(CH3)3), 31.2,
30.4 (2(CH3)3C), 15.4 (d, 3Jp_c = 7.8 Hz, CH3COP). 3'P NMR [CDCl5]
ppm: 25.6,26.5 (2d, )Jp_p = 24.5 Hz, P,—C). EI-MS: in m/z (%): 639 (27)
[M* —1],593(68) [M* — 47(H + NOy],319(28) [M* — 321(H + NO,+2
{P(O)(OEt))}), 306 (100) [M* — 334(H + NO,+CH[P(O)(OEt)]>)], 287
(44) (CH[P(O)(OEt)1]»), 137 (36) (P(O)(OEt),), 77 (82). Anal. Calcd for
C3pHg6N209P; (640.6): C, 56.24; H, 7.24; N, 4.37; P, 9.67. Found: C,
56.20; H, 7.28; N, 4.32; P, 9.73.

5.5.2. Tetraethyl 2-(3,5-di-tert-butyl-2-hydroxyphenylamino)-2-
(4-nitrophenyl)ethane-1,1-diyldiphosphonate, 6d

Straw yellow crystals, yield: 70%, mp 160—166 °C (from MeCN). IR
(cm™ !, KBr): vmax 3445, 3331,, (OH & NH), 1238,1222 (2P=0, bonded),
1101,1064 (2P—0—C). 'TH NMR [CDCls] ppm: 1.16,1.24 (2dt, Jy_ = 6.6,

4o_ = 4.5 Hz, 2x 6H, 4H3CC-OP), 1.37, 1.40 (2s, 2x 9H, (H3C)3C),
3.50 (dt, Ju_u = 9.0, Yp_y = 15.6 Hz, 1H, H*C—P,), 4.07, 412 (2dq,
Ju_n = 6.6, 3Jp_y = 6.0 Hz, 2x 4H, 2H,COP), 5.44 (dt, Ju_u = 9.0,
3Jp_y = 64 Hz, 1H, H—*C), 7.37—7.69, 8.34 (m, 6H, H—Ar), 8.88
(s (br), TH, HN), 1049 (s (br), 1H, OH). *C NMR [CDCl3] ppm: 151.8,
145.6, 137.6, 134.6, 133.4, 129.4, 127.4, 123.5, 122.8, 1144 (C—Ar),
66.3 (d, %Jp_c = 14.7 Hz, C*HCP), 61.6 (d, ?Jp_c = 9.7 Hz, CH,0P), 45.7
(t,'Jp_c = 188.4 Hz, C—P5), 37.5, 36.6 (2C(CH3)3), 31.8, 30.4 (2(CH3)5C),
15.6 (d, 3Jp_c = 8.2 Hz, CH3COP). 3'P NMR [CDCl3] ppm: 26.3, 28.6 (2d,
2Jo_p = 34.6 Hz, P,—C). EI-MS: in m/z (%): 640 (30) [M* — 2], 622 (28)
[M* — 20(2H + H,0)], 576 (20) [M* — 66(2H + H,0 + NO,)], 439 (46)
(M* — 203 (2H + H0 + NO,+P(0)(OEt),)], 302 (100) (M* — 340
(2H + H0 + NO,+2{P(0)OEt),)}], 287 (25) (CH[P(O)(OEt)3]>), 137
(32) (P(O)(OEt)z), 77 (72), Anal. Calcd for C30H48N209P> (642.6): G
56.07; H, 7.53; N, 4.36; P,9.64. Found: C, 56.11; H, 7.47; N, 4.32; P, 9.69.
When the above reactions (4a—d + 5) were carried out in
methanol solution containing sodium (Na) using the same
amounts, and in the presence of 41 mmol of 2,3 dichloro-5,6-
dicyanobenzoquinne (DDQ) at r.t. for =6—10 h (TLC), BPs 7a—
d were obtained after the usual working up, as a sole reaction
products. Yields: 7a (76%), 7b (73%), 7c (76%), and 7d (80%).

5.6. General procedure of 7e—i

Following the general procedure, a mixture of 9.12 mmol of Na,
4.2 mmol of 5,4.1 mmol of DDQ, and 3.8 mmol of the Shiff-bases 4e—
iin 20 mL of MeOH was heated under reflux for 8—10 h. The product
mixture was chromatographed with n-hexane/CHCl3 to give 7e (6:4
vv), 7€ (3:7 v[v), 7g (8:2 v|v), 7h (3:7 v/v), and 7i (8:2 v/v).

5.6.1. Tetraethyl (5,7-di-tert-butyl-2-(4-hydroxyphenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl)methylene-diphosphonate, 7e

Colorless needles, yield: 75%, mp 148—150 °C (from EtOH). IR
(em ™, KBr): ¥max 3350 (br) (OH, NH), 1233, 1225 (2P=0, bonded),
1075, 1024 (2P—0—C). 'H NMR [CDCl3] ppm: 1.26, 1.32 (2dt, J_
u = 74, Yp_y = 43 Hz, 2x 6H, 4H5CC-OP), 1.33, 1.44 (s, 2x 9H,
(H5C)3C), 3.14 (t, YJp_y = 17.5 Hz, 1H, HC—P,), 4.07, 4.11 (2dq, Ju—
4 = 7.4, 3Jp_y = 6.5 Hz, 2x 4H, 4H,COP), 7.39—7.45, 7.81 (m, 6H,
H—Ar), 8.95, 9.24 (2s (br), 2x 1H, HN&OH). >C NMR [CDCl3] ppm:
156.3, 148.2, 146.2, 1374, 131.5, 126.7, 120.6, 118.6, 115.3, 110.6
(C—Ar),62.4 (d, ¥Jp_c = 10.5 Hz, CH,0P), 44.8 (t, Jp_c = 178.3 Hz, C—
P,), 37, 31.7 (2C(CH3)3), 31.2, 30.4 (2(CH3)5C), 15.9 (d, 3Jp_c = 7.5 Hz,
CH3COP). 3'P NMR [CDCls] ppm: 30.3, 31.7 (2d, %Jp_p = 20.6 Hz, P,—
C). EI-MS: in mjz (%): 610 (33) [M' 1], 593 (26)
[M* — 18(H + OH)], 319 (28) [M" — 292(H + OH+2{P(0) (OEt)3)}),
306 (100) [M* — 305(H + OH + CH[P(O)(OEt);]»)], 287 (29) (CH
[P(0) (OEt)]z), 137 (55) (P(O)OEt)y), 77 (52). Anal. Calcd for
C3pH47NOgP; (611.6): C, 58.91; H, 7.75; N, 2.29; P, 10.13. Found: C,
59.09; H, 7.79; N, 2.25; P, 10.16.

5.6.2. Tetraethyl (5,7-di-tert-butyl-2-(4-chlorophenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl)methylene-diphosphonate, 7f

Colorless needles, yield: 82%, mp 102—-104 °C (from cyclo-
hexane). IR (cm™ Y, KBr): vmax 3350, (NH), 1236, 1223 (2P=0,
bonded), 1055, 1029 (2P—0—C). '"H NMR [CDCl;] ppm: 0.88, 1.25
(2dt, Jy_p = 6.2, 4Jp_y = 3.8 Hz, 2x 6H, 4H3CC-OP), 1.46, 1.53 (s, 2 x
9H, (H3C)3C), 3.32 (t, 2Jp_y = 20.4 Hz, TH, HC—Py), 4.29, 4.42 (2dq,
JH-t = 6.2, 3Jp_y = 6.1 Hz, 2x 4H, 4H,COP), 7.31—7.70, 8.17 (m, 6H,
H—Ar), 8.96 (s (br), 1H, HN). 13C NMR [CDCl3] ppm: 148.1, 146.2,
139.6, 139.2, 137.4, 134.8, 128, 118.6, 115.4, 110.6 (C—Ar), 61.6 (d, ZJp_
¢ = 10.5 Hz, CH0P), 40.7 (t, 'Jp_c = 1443 Hz, C—Py), 37, 31.7
(2 C(CH3)3), 31.2, 30.4 (2(CHs)3C), 16.4 (d, 3Jp_c = 8.2 Hz, CH3COP).
31p NMR [CDCl3] ppm: 27.4, 30.6 (2d, 2Jp_p = 22.8 Hz, P)—C). EI-MS:
in m/z (%): 631(21) [M™+2], 629 (7) [M*], 628 (32) [M™ — 1], 593
(26) [M" — 36 (H + CI)], 319 (28) [M" — 310(H + Cl + 2{P(0O)
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(OEt),)}), 306 (100) [M* — 323(H + Cl + CH [P(O)(OEt)]»)], 287
(31) (CH[P(O) (OEt),]2), 137 (68) (P(O)(OEt),), 77 (67). Anal. Calcd
for C3gH46CINO7P; (630.1): C,57.19; H, 7.36; Cl, 5.63; N, 2.22; P, 9.83.
Found: C, 57.24; H, 7.30; Cl, 5.58; N, 2.27; P, 9.87.

5.6.3. Tetraethyl (5,7-di-tert-butyl-2-(3-chlorophenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl)methylene-diphosphonate, 7g

Colorless crystals, yield: 78%, mp 88—90 °C (from pentane). IR
(cm~, KBr): vmax 3350, (NH), 1240, 1224 (2P=0, bonded), 1164,
1079 (2P—0—C). 'H NMR [CDCl5] ppm: 0.98, 1.17 (2dt, Jy_p = 7.2,
Yp_y = 4.3 Hz, 2x 6H, 4H3CCOP), 1.38, 1.54 (2s, 2x 9H, (H3C)3C),
3.25 (t, 2Jp_y = 18.8 Hz, 1H, HC—P;), 4.05, 412 (2dq, Jy_n = 7.2, 3Jp_
u = 6.4 Hz, 2x 4H, 4H,COP), 7.34—7.67, 8.19—8.23 (m, 6H, H—Ar),
9.06 (s (br), 1H, HN). 13C NMR [CDCl3] ppm: 147.9, 146.2, 142.3,
142.2, 137.8, 134.9, 127.2, 125.6, 115.6, 109.7 (C—Ar), 61.7 (d, *Jp_
¢ = 10.5 Hz, CH,OP), 44.0 (t, Yp_c = 142.3 Hz, C—P;), 37, 31.7
(2C(CH3)3), 31.2, 30.4 (2(CH3)3C), 15.4 (d, 3Jp_c = 7.5 Hz, CH3COP).
31p NMR [CDCl5] ppm: 26.8, 30.8 (2d, %Jp_p = 28.4 Hz, P,—C). EI-MS:
in m/z (%): 631(18) [M* + 2], 629 (6) [M*], 628 (35) [M" — 1], 306
(100) [M* — 323 (H + Cl + CH[P(O)(OEt);])]. Anal. Calcd for
C30H46CINO,P; (630.1): C, 57.19; H, 7.36; Cl, 5.63; N, 2.22; P, 9.83.
Found: C, 57.25; H, 7.32; Cl, 5.67; N, 2.17; P, 9.88.

5.6.4. Tetraethyl (5,7-di-tert-butyl-2-(2-chlorophenyl)-2,3-dihydro-
benzo[d]oxazol-2-yl)methylenediphosphonate, 7h

Colorless crystals, yield: 76%, mp 113—115 °C (from pentane). IR
(cm™", KBr): vmax 3355 (NH), 1235, 1225 (2P=0, bonded), 1164,
1079 (2P—0—C). '"H NMR [CDCl3] ppm: 0.89, 1.05 (2dt, Jy_y = 6.8,
4Jo_y = 3.8 Hz, 2x 6H, 4H3CCOP), 1.38, 1.53 (2s, 2x 9H, 2(H3C)3C),
3.47 (t, ¥p_y = 18.8 Hz, 1H, HC—P,), 4.12, 4.20 (2dq, Ju—_u = 6.8, >Jp—
= 6.7 Hz, 2x 4H, 4H,COP), 6.99—7.67, 8.15—8.24 (m, 6H, H—Ar),
9.07 (s (br), 1H, HN). '3C NMR [CDCl;] ppm: 1481, 146.2, 1371,
134.2, 130.3, 128.4, 127.7, 118.4, 115.2, 110.3 (C—Ar), 62.1 (d, ?Jp_
¢ = 145 Hz, CH,0P), 392 (t, Yp_c = 158.3 Hz, C—P,), 37, 31.7
(2 C(CH3)3), 31.2, 30.4 (2(CH3)5C), 16.4 (d, 3Jp_c = 8.7 Hz, CH3COP).
31p NMR [CDCl3] ppm: 29.5, 31.4 (2d, %Jp_p = 26.3 Hz, P,—C). EI-MS:
in mjz (%): 631 (24) [M*+2], 629 (8) [M*], 628 (36) [M" — 1], 306
(100) [M" — 323(H 4 Cl + CH[P(O)(OEt)]2)]. Anal. Calcd for
C30H46CINO7P, (630.1): C, 57.19; H, 7.36; (I, 5.63; N, 2.22; P, 9.83.
Found: C, 57.13; H, 7.29; Cl, 5.56; N, 2.26; P, 9.90.

5.6.5. Tetraethyl (5,7-di-tert-butyl-2-(2,5-dimethoxyphenyl)-2,3-
dihydrobenzo[d]oxazol-2-yl)methylenediphosphonate, 7i

Colorless crystals, yield: 79%, mp 128—130 °C (from CH,Cl). IR
(em ™!, KBr): ymax 3342, (NH), 1235, 1224 (2P=0, bonded), 1078, 1045
(2P—0—C). '"H NMR [CDCl3] ppm: 113, 1.18 (2dt, Ju_y = 6.8, 4Jp_
1 = 4.6 Hz, 2x 6H, 4H3CC-OP), 1.35, 1.40 (2s, 2x 9H, 2(H3C)3C), 3.22
(t,¥p_y = 16.5 Hz, 1H, HC—P3), 3.75,3.81 (25,2 x 3H, 2H3C0), 4.14,4.20
(2dq, Ju—u = 6.8, 3Jp_u = 5.8 Hz, 2x 4H, 4H,COP), 7.23—7.88, 8.34 (m,
5H, H—Ar), 9.81 (s (br), 1H, HN). *C NMR [CDCl3] ppm: 159.4, 149.9,
146.2,137.3,136.4,123.1,118.5, 115.7,112.3, 108.9 (C—Ar), 61.2 (d, ij_
¢ = 10.5 Hz, CH,0P), 55.8, 55.3 (2CH30), 39.8 (t, YJp_c = 152.3 Hz, C—
P,), 372, 317 (2C(CH3)3), 31.2, 304 (2(CH3)C), 156 (d, 3Jp_
¢ = 82 Hz, CH3COP). 3'P NMR [CDCl3] ppm: 31.3, 26.4 (2d, Jp_
p = 30.6 Hz, P,—C). EI-MS: in m/z (%): 654 (48) [M" — 1], 592 (26)
[Mt — 63(H + 2{OMe})], 318 (28) [M™ — 337(H + 2{OMe} + 2
{P(O)(OEt))}), 305 (100) [M* — 350(H + 2{OMe}) + CH-—
[P(O)(OEt)2]2)], 287 (55) (CH[P(O)(OEt)]2), 137 (34) (P(O)(OEt),), 77
(84). Anal. Calcd for C33H51NOgP; (655.7): C, 58.62; H, 7.84; N, 2.14; P,
9.45. Found: C, 58.67; H, 7.83; N, 2.08; P, 9.51.

5.7. General procedure of BP-acids 9a,b, and 10a—e

Bisphosphonate 6b,c, 7b,c, and 7f—h (0.5 g) was dissolved in
15 mL of conc HCl, and the mixture was heated under reflux for

=8 h (TLC). After concentrating the product mixture to its half,
under reduced pressure, the crude material was diluted with AcOEt
and water and then stirred for 30 min. The layers were separated,
and the aqueous layer was evaporated to dryness. The precipitate
was collected and dried to give the corresponding BP-acids 9a,b
and 10a—e.

5.7.1. 2-(3,5-Di-tert-butyl-2-hydroxyphenylamino)-2-(4-dimethyl-
aminophenyl)ethane-1,1-diyldiphosphonic acid, 9a

White substance, yield: 67%, mp > 300 °C (from EtOH). IR (cm ™},
KBI): ¥max 3420—3332 (P—OH, NH), 1233—1219 (P=0, bonded). 'H
NMR [D,0] ppm: 1.37, 140 (2s, 2x 9H, 2(H3C)3C), 2.44 (dt, Ju_
u = 114, %Jp_y = 15.3 Hz, 1H, H%C—P,), 2.82 (s, 6H, 2(H3C):N),
5.26 (dt, Ju_y = 11.4, 3Jp_y = 7.2 Hz, 1H, H>—C), 7.16—7.78, 8.23 (m,
6H, H—Ar). 3'P NMR [D,0] ppm: 21.2, 22.7. EI-MS: in m/z (%): 522
(24) [M™ — 6]. Anal. Calcd for Co4H3gN,0O7P; (528.5): C, 54.54; H,
7.25. Found: C, 54.50; H, 7.18.

5.7.2. 2-(3,5-Di-tert-butyl-2-hydroxyphenylamino )-2-(4-fluoroph-
enyl)ethane-1,1-diyldiphosphonic acid, 9b

White substance, yield: 70%, mp >300 °C (from EtOH), IR: ¥max,
cm™': 3420-3332 (P—OH, NH), 1235-1222 (P=O0, bonded). 'H
NMR [D,0] ppm: 135, 1.38 (2s, 2x 9H, 2(H3C)3C), 2.48 (dt, Ju_
u = 114, ?Jp_y = 18.8 Hz, TH, HC—P5), 5.20 (dt, Ju_y = 114, 3Jp_
u = 5.9 Hz, 1H, HP—C), 7.14—7.77, 8.20 (m, 6H, H—Ar). 3P NMR
[D20] ppm: 22.2, 24.7. EI-MS: in m/z (%): 497 (30) [M" — 6]. Anal.
Calcd for CyoH32FNO7P, (503.4): C, 52.49; H, 6.41. Found: C, 52.44;
H, 6.45.

5.7.3. (5,7-di-tert-butyl-2-(4-(dimethylamino)phenyl)-2,3-dihyd-
robenzo[d]oxazol-2-yl)methylene-diphosphonic acid, 10a

White substance, yield: 65%, mp >300 °C (from EtOH). IR (cm ™,
KBr): ¥max 3415—3329 (P—OH, NH), 1233—1220 (P=0, bonded). 'H
NMR [D,0] ppm: 1.38, 1.52 (2s, 2x 9H, 2(H3C)3C), 2.40 (t, 3Jp_
4 = 16.4 Hz, 1H, HC—P,), 2.80 (s, 6H, 2(H3C);N), 7.14—7.72, 8.10
(m, 6H, H—Ar). >'P NMR [D;0] ppm: 21.2, 23.5. EI-MS: in m/z (%):
520 (40) [M* — 6]. Anal. Calcd Ca4H36N207P2 (526.5): C, 54.75; H,
6.89. Found: C, 54.71; H, 6.84.

5.7.4. (5,7-Di-tert-butyl-2-(4-fluorophenyl)-2,3-dihydrobenzo[d]
oxazol-2-yl)methylenediphosphonic acid, 10b

White substance, yield: 73%, mp >300 °C (from EtOH). IR (cm™},
KBr): vmax 3424—3335 (P—OH, NH), 1230—1225 (P=0). 'H NMR
[D,0] ppm: 1.36, 1.57 (2, 2x 9H, 2(H3C)5C), 2.50 (t, ¥Jp_y; = 18.8 Hz,
1H, HC—P,), 7.18—7.68, 8.15 (m, 6H, H—Ar). P NMR [D,0] ppm:
23.2, 25.6. EI-MS: in m/z (%): 495 (32) [M* — 6]. Anal. Calcd for
CyoH30FNO7P; (501.4): C, 52.70; H, 6.03. Found: C, 52.75; H, 6.81.

5.7.5. (5,7-Di-tert-butyl-2-(4-chlorophenyl)-2,3-dihydrobenzo[d]
oxazol-2-yl)methylenediphosphonic acid, 10c

White substance, yield: 66%, mp >300 °C (from EtOH). IR (cm™",
KBr): ¥max 3425—3336 (P—OH, NH), 1233—1220 (P=0). 'H NMR
[D,0] ppm: 1.35,1.40 (25, 2x 9H, 2(H3C)3C), 2.44 (t, )Jp_y = 17.2 Hz,
1H, HC—Py), 7.20—7.60, 8.12 (m, 6H, H—Ar). 1P NMR [D,0] ppm:
24.2, 26.4. EI-MS: in m/z (%): 511 (45) [M" — 6]. Anal. Calcd for
C2H30CINO7P, (517.9): C, 51.02; H, 5.84. Found: C, 51.07; H, 5.59.

5.7.6. (5,7-Di-tert-butyl-2-(3-chlorophenyl)-2,3-dihydrobenzo[d]
oxazol-2-yl)methylenediphosphonic acid, 10d

White substance, yield: 72%, mp >300 °C (from EtOH). IR (cm~,
KBr): max 3426—3328 (P—OH, NH), 1236—1219 (P=0). 'H NMR
[D,0] ppm: 1.32,1.40 (2s, 2x 9H, 2(H3C)3C), 2.38 (t, 4Jp_y = 15.4 Hz,
1H, HC—P;), 7.18—7.50, 8.10 (m, 6H, H—Ar). 3'P NMR [D,0] ppm:
22.2, 24.6. EI-MS: in m/z (%): 511 (35) [M" — 6]. Anal. Calcd for
C2H30CINO5P, (517.9): C, 51.02; H, 5.84. Found: C, 51.06; H, 5.82.
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5.7.7. (5,7-Di-tert-butyl-2-(3-chlorophenyl)-2,3-dihydrobenzo[d]
oxazol-2-yl)methylenediphosphonic acid, 10e

White substance, yield: 72%, mp >300 °C (from EtOH). IR (cm™,
KBr): vmax 3426—3327 (P—OH, NH), 1230—1220 (P=0). 'H NMR
[D,0] ppm: 1.37,1.53 (2s, 2x 9H, 2(H3C)3C), 2.42 (t, %Jp_y; = 15.6 Hz,
1H, HC—P,), 6.80—7.40, 8.10 (m, 6H, H—Ar). 3'P NMR [D,0] ppm:
24.5, 26.6. EI-MS: in m/z (%): 511 (42) [M" — 6]. Anal. Calcd for
Ca2H30CINO7P; (517.9): C, 51.02; H, 5.84. Found: C, 51.04; H, 5.80.

5.8. Bioassays

5.8.1. Lipophilicity HPLC determination (capacity factor K/
calculated log K)

The HPLC separation module Waters Alliance 2695 XE and
Waters Photodiode Array Detector 2996 (Waters Corp., Milford,
MA, US.A.) were used. The Chromatographic Column Symmetry®
Cig 5 um, 4.6 x 250 mm, Part No. WAT054275, (Waters Corp.,
Milford, MA, U.S.A.) was used. The HPLC separation process was
monitored by Millennium32® Chromatography Manager Software,
Waters 2004 (Waters Corp., Milford, MA, U.S.A.). The mixture of
MeOH p.a. (90.0%) and H,0-HPLC — Mili-Q Grade (10.0%) was used
as a mobile phase. The total flow of the column was 1.0 ml/min,
injection 30 pl, column temperature 45 °C and sample temperature
10 °C. The detection wavelength 210 nm was chosen. The KI
methanolic solution was used for the dead time (Tp) determination.
Retention times (Tg) were measured in minutes. The capacity
factors K were calculated using the Millennium32® Chromatog-
raphy Manager Software according to the formula K = (Tg — Tp)/Tp,
where Ty is the retention time of the solute, whereas Tp denotes the
dead time obtained via an unretained analyte. The log K values of
the individual compounds, calculated from the capacity factor K,
are shown in Table 1. All values displayed as mean = s.d. Superscript
letters denote equivalent means determined by pairwise compar-
ison (Dunnett T3, p < 0.05).

5.8.2. Lipophilicity calculations

Converting the logarithm of the partition coefficient for n-
octanol/water (log K) to the lipophilcity coefficient (Log P) was
calculated using the programs CS ChemOffice Ultra ver. 10.0
(CambridgeSoft, Cambridge, MA, USA) and ACD/LogP ver. 12.0
(Advanced Chemistry Development Inc., Toronto, Canada). Clog P
values (the logarithm of n-octanol/water partition coefficient based
on established chemical interactions) were generated by means of
CS ChemOffice Ultra ver. 10.0 (CambridgeSoft, Cambridge, MA,
U.S.A.) software. The results are shown in Table 1.

5.9. Pharmacology

5.9.1. Antitumor activity screening

Anti-tumor potency of the new BPs 6a—d, 7a—i, and BP-acids
9a,b, and 10a—e, in addition to the substrates 4a and 4g was
tested at a dose of 10 uM utilizing 16 different human tumor cell
lines, representing breast, ovarian, prostate and liver cancer using
adriamycin as a reference standard according to the reported
methods [24,25]. The human tumor cell lines of the cancer
screening panel are grown in RPMI 1640 medium containing 5%
fetal bovine serum and 2 mL-glutamine. For a typical screening
experiment, cells are inoculated in 96-well-microtiter plates in
100 mL at plating densities ranging from 5000 to 40,000 cells/
well depending on the doubling time individual cell lines. After
cell inoculation, the microtiter plates are incubated at 37 °C, 5%
COg, 95% air and 100% relative humidity for 24 h prior to addition
of experimental tested compounds. After 24 h, two plates of each
cell lines are fixed in situ with trichloroacetic acid (TCA), to
represent a measurement of the cell population for each cell line

at the time of the tested compound addition (time zero, Tz).
Experimental tested compounds are solubilized in dimethyl
sulfoxide at 400-fold the desired final maximum test concentra-
tion and stored frozen prior to use. At the time of the tested
compound addition, an aliquot of frozen concentrate is thawed
and diluted to twice the desired final maximum test concentra-
tion with complete medium containing 50 mg/mL gentamicine.
Additional four, 10-fold or ¥: log serial dilutions are made to
provide a total of five tested compound concentrations (104 to
10~8 M concentrations) plus control. Aliquots of 100 mL of these
different tested compound dilutions are added to the appropriate
microtiter wells already containing 100 pL of medium, resulting
in the required final concentrations.

Following the tested compound addition, the plates are incu-
bated for an additional 48 h at 37 °C, 5% CO,, 95% air and 100%
relative humidity. For adherent cells, the assay is terminated by
the addition of cold TCA. Cells are fixed in situ by the gentle
addition of 50 pL of cold 50% (w/v) TCA (final concentration, 10%
TCA) and incubated for 60 min at 4 °C. The supernatant is dis-
carded, and the plates are washed four times with tap water and
air dried. Sulforhodamine B (SRB) solution (100 pL) at 0.4% (w/v)
in 1% acetic acid is added to each well, and plates are incubated for
10 min at room temperature. After staining, unbound dye is
removed by washing four times with 1% acetic acid and the plates
are air dried. Bound stain is subsequently solubilized with 10 pM
trizma base, and the absorbance is read on an automated plate
read at a wavelength of 515 nm. For cells suspension, the meth-
odology is the same except that the assay is terminated by fixing
settled cells at the bottom of the wells by gently adding 50 uL of
80% TCA (final concentration, 16% TCA). Using the seven absor-
bance measurements (Tz), control growth (C) and test growth in
the presence of the tested compound at the five concentration
levels (Ti), the percentage growth is calculated at each of the
tested compound concentration levels.

Percentage growth inhibition is calculated as follows:

[(Ti — Tz)/(C — Tz)] x 100

for concentrations for which Ti > Tz.

[(Ti — Tz)/Tz)] x 100 for concentration for which Ti < Tz.

Growth inhibition of 50% (Gls) is calculated from:

[(Ti — Tz)[[(C — Tz) x 100 = 50% (Glsg), which is the tested
compound concentration resulting in a 50% reduction in the net
protein increase (as measured in SRB staining) in control cells
during the compound incubation. Table 2 represents the observed
percentage growth of each cell line treated with a certain tested
compound relative to control cell line experiments.

5.9.2. Delayed type hypersensitivity granuloma

Groups of 10 female albino mice (25 g) were sensitized with an
emulsion of methylated bovine serum albumin (mBSA) in saline
with Freund’s incomplete adjuvant and dextran by sc injection over
the inguinal lymph node. Three weeks later, hydroxyapatite (HA)
discs 6-mm diameter) soaked in mBSA solution (30 mg/mL saline)
were implanted sc in the dorsum of the mice (two discs, bilaterally).
All drugs were prepared as solutions, suspensions, or emulsions,
and the pH was adjusted to 7.4 with 0.1 M NaOH. Each mouse
received compound in a volume of 0.1 mL/10 g body weight sc in
the scruff of the neck. Dosing commenced on the day of implan-
tation of the mBSA soaked discs and was continued thereafter on
a daily basis until day nine, when the mice were euthanized. The
granulomatous lesions were then excised and both wet and dry
tissue weights measured. Results were analyzed by Student’s
paired t test. The results are displayed in Table 3.
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The antiinflammatory activity was expressed as percentage
inhibition of edema volume in the treated animals in comparison
with the control group.

(Ve = V)

Ve x 100

% Inhibition of edema =

where V. and V; are the volumes of edema for the control and tested
substance-treated animal groups, respectively, while potency of the
tested compounds was calculated regarding risedronate, reference
standard, treated group according to the following equation:

%Potency

%Edemainhibitionof tested compoundtreated group
= s - x 100
%Edemainhibitionof risedronatetreatedgroup
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