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Abstract

Secondary alkylcarbamic acid biphenyl-3-yl esters are a class of Fatty Acid Amide Hydrolase
(FAAH) inhibitors, which include the reference compounds URB597 and URB694. Given the
intrinsic reactivity of the carbamate group, the /n vivo potency of these molecules in rats is
strongly affected by their hydrolysis in plasma or hepatic metabolism. In the present study, /in vitro
chemical and metabolic stability assays (rat plasma and rat liver Sq fraction) were used to
investigate the structure-property relationships (SPRs) for a focused series of title compounds,
where lipophilicity and steric hindrance of the carbamate A-substituent had been modulated. The
resulting degradation rates indicate that a secondary or tertiary alkyl group at the carbamate
nitrogen atom increases hydrolytic stability towards rat plasma esterases. The calculated solvent
accessible surface area (SASA) of the carbamate fragment was employed to describe the
differences observed in rate constants of hydrolysis in rat plasma (log Apjasma), SUggesting that
stability in plasma increases if the substituent exerts a shielding effect on the carbamate carbonyl.
Stability in rat liver Sq fraction is increased when a tertiary carbon is bound to the carbamate
nitrogen atom, while other steric effects showed complex relationships with degradation rates. The
SPRs here described may be applied at the pharmacokinetic optimization of other classes of
carbamate FAAH inhibitors.
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1. Introduction

Fatty Acid Amide Hydrolase [1,2,3,4] (FAAH, EC number 3.5.1.4), is, with the more lately
discovered FAAH2 [5], a mammalian member of the ‘amidase signature’ family of
enzymes. It catalyzes the hydrolytic cleavage of biologically active fatty acid ethanolamides,
which include the endocannabinoid agonist arachidonoylethanolamide (anandamide) [6].
FAAH also catalyzes the hydrolysis of endogenous peroxisome proliferator-activated
receptor type-a agonists such as oleoylethanolamide (OEA) [7,8] and
palmitoylethanolamide (PEA) [9,10,11]. These natural substrates of FAAH activity are
thought to regulate many physiological processes in the central nervous system and in
peripheral tissues. Furthermore, deficits in the signaling activity of these molecules have
been linked to a variety of pathologic conditions, including pain, inflammation, anxiety and
depression [12].

The ability of selective FAAH inhibitors to upregulate anandamide signaling at cannabinoid
receptors, thus causing a variety of potentially favorable effects in animal models, has fueled
the discovery of various chemical scaffolds that result in FAAH inhibition [13,14,15,16,17].
Our work has focused on cyclohexylcarbamic acid biphenyl-3-yl esters [18,19] and has led
to several interesting molecules such as URB597 [18,20,21], URB694 [22,23,24] and
URB937 [25] (See Figure 1). In particular, URB597 has been intensely investigated with
regard to its pharmacological properties [18,26,27,28] and mechanism of action
[29,30,31,32].

In recent studies, we observed that intrinsic reactivity of the carbamate group influences
reaction rate [22], inhibitory potency [22], off-target protein selectivity and affinity for
metabolic enzymes [23,24]. In particular, small polar electrondonating groups (e.g. OH) at
the para position of the proximal phenyl ring, as in URB694, are well tolerated with regard
to FAAH inhibitory potency [22], and are also able to increase /n vitro chemical and rat
plasma hydrolytic stability [23]. This enhanced /n vitro stability was also associated to
improved /n vivo [24] distribution and reduced inhibition of broad spectrum liver
carboxylesterases, which had been reported as off-targets for URB597 when this compound
is administrated at concentrations that exceed those needed to fully block FAAH activity
[33].

The reactivity of the carbamate is, however, just one of the factors influencing the
interaction with FAAH or with other possible targets, including different enzymes that may
be carbamoylated by this group or catalyze its metabolic cleavage. Equally crucial for
biological activity, /n vivo selectivity and pharmacokinetic profile is molecular recognition
at FAAH binding cavity, a process influenced by the overall size, shape and lipophilicity of
the inhibitor. The recent publication of several co-crystal structures with FAAH and
covalent [34,35,36] and non-covalent [37] inhibitors has shed new light on inhibitor-enzyme
interactions within the catalytic core. The structure of humanized rat FAAH carbamoylated
by URB597 confirmed the orientation of the cyclohexyl substituent within the acyl chain
binding pocket and provided new information about the shape of the lipophilic channel
allocating the A-substituent [35]. This structure also pointed out that carbamates
monosubstituted at nitrogen are a peculiar class of FAAH inhibitors, as their amino group
can make a relevant hydrogen bond in the carbamoylated enzyme. As also shown by
structure-activity relationship (SAR) studies on these compounds, a primary or a secondary
carbon, attached to the nitrogen atom, is well tolerated at FAAH binding site, while the
tertiary carbon of an adamanty! derivative led to a drop of inhibitor potency [38]. On the
other hand, as recently evidenced by comparison of /n vivo potencies, carbamate stability is
also affected by the size and shape of their A-substituent [24].
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In the present study, we focused our attention on the relationship between the structure of
this fragment and carbamate stability in different chemical environments, as well as in rat
plasma and liver. To this aim, we employed a series of alkylcarbamic acid biphenyl-3-yl
esters (compounds 1-20, Table 1), previously investigated for their SARs [38], in which the
substituents at the carbamate nitrogen atom have different degrees of lipophilicity and steric
hindrance. The compounds were selected in order to minimize the differences of intrinsic
reactivity of the carbamate group and evaluate the sole effect produced by steric hindrance
modulation at the Aportion on the molecular recognition process.

Therefore, as reported in Table 1, the lipophilicity of substituents was increased from methyl
(3) and isopropy! (4) to n-butyl (5) and r+hexyl (6). The size and length of A-alkyl
substituent were varied with cycloalkyl groups such as cyclobutyl (7), cyclopentyl (8), and
cyclohexylmethyl (9), arylalkyl ones such as benzyl (11) and phenethyl (12), and
phenylalkyl ones of increasing lengths (16, 17). Highly bulky groups such as 1-adamantyl
(20), a hydrophilic terminal group such as 6-morpholinohexyl (18), and conformationally
constrained substituents, such as 2-indanyl (13), and a- and p-naphthylmethyl (14 and 15,
respectively) were also included. Two derivatives bearing the hydrophilic 3"-carbamoyl
group on the biphenyl-3-yl moiety (19, 20) were considered for their high /in vitro FAAH
inhibitory potency and to compare them with their more lipophilic unsubstituted analogues
(15 and 16, respectively).

Rat plasma and rat liver Sq fraction were chosen as reference /n vitro models for the
hydrolytic and oxidative metabolic cleavage, respectively. Chemical stability was evaluated
at physiological (7.4) and alkaline (9.0) pH values.

Experimental data were analyzed with the aim to disclose the most convenient set of
physico-chemical properties (lipophilicity, steric hindrance), which would allow to keep /n
vitro inhibitory potency on FAAH combined with a diminished affinity for rat plasma
hydrolases and liver oxidative enzymes, two critical elements for /77 vivo potency [24].

and discussion

The results of chemical and enzymatic stability assays on compounds 1-20 are reported in
Table 1, which also lists pICsq values for all tested compounds on rat brain membrane
FAAH activity [38].

2.1. Effect of N-substitutions on chemical stability

The stability to chemical hydrolysis was evaluated by measuring residual concentrations of
the compounds 1-20 at various time points in thermostated, buffered solutions at
physiological (7.4) or alkaline (9.0) pH.

A 24 h cleavage of all carbamates at physiological pH yields percentages of remaining
compound that range from 16.2% (13) to 66.7% (10). Hydrolysis at alkaline pH was
significantly faster than that at pH 7.4, with half-lives (#,) ranging from 13.9 min (19) to
260.4 min (10). With the exception of the cyclohexylmethyl (9) and 1-adamantyl (10)
derivatives, substitution of the N-cyclohexyl (1) group with an alkyl (3-6), cycloalkyl (7, 8)
or arylalkyl (11, 12, 14-20) group did not significantly influence #,, values, which showed
an averaged value of 39.2 min (n = 18). These results are consistent with the fact that the
chemical stability of O-aryl carbamates is pH-dependent, with hydrolysis rates increasing
with hydroxide ion concentration as a consequence of two concurring mechanisms, a
common Bac2 and an elimination-addition one (E1cB) [39,40,41,42].
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For three representative compounds (/.e. the lead compound URB524, the hindered
adamantyl derivative 10 and the lipophilic phenylbutyl 16) we measured dependence of
pseudo half-lives on concentration at pH 9.0. No significant difference was observed
between pseudo half-lives at 1 uM, 300 nM, 100 nM (see Table 3 in Supplementary
Material). This seems to rule out that variations in chemical stability can be ascribed to
different solubility of the tested compounds, even if accurate solubility data should be
needed to confirm this.

The intrinsic reactivity of the carbamate group was conserved along the series. The
modulation of size, shape and lipophilicity of the A~substituent had, therefore, only little
effect on the propensity of the carbamate to be chemically cleaved, in accordance to what
we could expect from lipophilicity and steric hindrance change of the A-portion.

2.2. Effect of N-substitutions on rat plasma stability

In biological model systems endowed with high hydrolytic activity, e.g. rat plasma, the
stability of carbamate-based compounds depends on their interaction with various non-
specific hydrolases, where both carbamate reactivity and recognition processes may
markedly influence hydrolysis rates [43].

For the present series of derivatives, no quantitative correlation between hydrolysis rate
constants at alkaline pH (log Ayng) and in the presence of rat plasma (log Apjasma, Table 2)
could be found for compounds 1-20. No significative correlation was also found between
l0g Aplasma @nd calculated Lowest Unoccupied Molecular Orbital (LUMO) energy,
previously employed by us as a descriptor of carbamate electrophilicity [23] (data not
shown). Therefore, we may infer that additional factors other than the intrinsic reactivity of
the hydrolyzable center could influence and control carbamate hydrolysis.

Replacing of A-cyclohexyl group of 1 (42, plasma = 42.7 min) with a small alkyl group such
as methyl (3) brought about in a 10-fold reduction in stability (#,, = 3.8 min), and such
stability could not be recovered with the introduction of a long /+hexyl chain (6, f/, = 7.5
min). The presence of two additional alkyl substituents, /.e. isopropyl (4) and r-butyl (5),
yielded #, values of approximately 20 min. The cyclobutyl derivative (7, &, = 19.9 min)
showed a resistance to hydrolysis similar to that of its linear isomer (5), whereas the
introduction of bulkier cycloalkyl groups such as cyclopentyl (8, #,, = 40.0 min) and,
particularly, 1-adamantyl (10, 4, = 183.3 min) markedly increased the stability of the
carbamate group to rat plasma hydrolases. Homologation, as exemplified by the
methylcyclohexyl derivative (9), caused a drop in stability (#/, = 15.3 min).

The dependence of rat plasma stability on A-alkylaryl substitution (11-20) was more
complex, as it depended on the chain length and the characteristics of the aromatic group. In
general, the presence of short alkyl chains (11, 12) led to a moderate decrease in plasma
stability (£, = 14.3 and 22.1 min, respectively), which became critical when the phenyl ring
was replaced by a naphthalene one (14, f/» = 7.3 min; 15, #, = 1.0 min) or linked to an 7+
butyl (16, £/» = 6.6 min) or r-hexyl (17, ;> = 8.4 min) spacer. Finally, replacement of the
aromatic portion of 17 with a ionizable morpholine group (18) had no effect on plasma
stability (#,, = 8.0 min), suggesting that lipophilicity is not a major factor influencing
interaction with plasma hydrolases. In principle, plasma protein binding can significantly
affect stability of our compounds in different ways [44].

In fact, we had previously observed that albumin protects a class of prodrugs, having a
carbamate fragment, from both enzymatic and chemical hydrolysis [45]; as all the present
compounds resulted more stable in buffer at pH 7.4 than in plasma, protection from
chemical hydrolysis looks negligible. On the other hand, different protein binding could
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affect the esterase-catalysed hydrolysis, thus explaining the different stabilities in rat plasma.
In this regard, as it is reasonable to expect higher protein binding for more lipophilic
compounds [46], the lack of correlation between lipophilicity and stability could be due to
compound-specific competitions between hydrolytic enzymes and other proteins, or to the
absence of a significant role for protein binding.

The introduction of a 3’-carbamoyl group on the biphenyl-3-yl moiety of compounds 15 and
16 led to compounds 19 (4,2 = 13.9 min) and 20 (4, = 30.3 min), which displayed 4>
values that were comparable to those of their parent carbamates.

A QSPR analysis of rat plasma hydrolysis data was attempted to assess the role of different
steric and lipophilic descriptors of the selected A-substituents on hydrolysis rate constants.
Multiple regression analysis (MRA) employing traditional descriptors for lipophilicity
(clogA) and steric hindrance (MR, L, B1, B5) [47], alone or in combination, did not yield
any statistically significant model.

The 3D descriptor solvent accessible surface area (SASA) [48] for compounds 1 and 3-18
was therefore calculated for the carbamate fragment (SASAcarbamate), 8 @ measure of the
shielding effect provided by the substituents at the carbamate nitrogen, and used in the
search of QSPR models (see Experimental section). In Figure 2, the SASAcarbamate (in blue
colour) for the lead compound URB524 (1) is represented. Similar descriptors had been
successfully applied to model kinetic data on the hydrolysis of esters by plasmatic
carboxylesterases [49] or rat liver esterases [50]. While a general trend in the plot of log
Kplasma Versus SASA can be discerned (See Figure 3), a single compound (15) behaves as an
outlier, strongly affecting the correlation statistics (N=17, R2= 0.28, s=0.43, F=5.7). This
structure, having a f-naphthylmethyl substituent, was less stable in rat plasma than
expected, in particular if compared to the benzyl derivative 11 (t1,= 1.0 min. vs 14.3 min,
respectively) and to compounds of similar lipophilicity. Notably, the compounds 11 and 15
showed similar chemical stability at pH 9.0, suggesting that the peculiar unstability of
compound 15 is likely due to specific interactions with some undefined rat plasma esterases.
When 15 was excluded from the dataset, linear regression of the data represented in Figure 3
gave a statistically significant equation (Equation 1).

108k asma =—3.91(£0.39)+0.052(0.008) SASA
n=16: R?=0.76; s=021: F=433. Eq.1

This linear trend strongly depends on two data points, /.e. on compounds endowed with the
lowest (10, adamantyl) and highest (3, methyl) SASA values. Their exclusion from the data
set reduces the variation in SASA and stability. However, further exclusion of these two
compounds gave an equation retaining similar regression coefficient (0.045+0.014) and
standard error (0.21), even if RZ drops to 0.46, due to the reduced standard deviation of log
Kplasma (from 0.40 to 0.22). This is indicative of model robustness, even if anomalous
behaviours, due to specific biomolecular processes, should be expected for plasma stability.

From a general point of view, from the analysis of the plot we can infer that the presence of
a secondary (1, 8) or, better, tertiary (10) cycloalkyl group directly linked to the carbamate
nitrogen atom is favourable to maintaining or enhancing rat plasma stability, because
shielding of the carbamate carbonyl group might prevent cleavage by rat plasma enzymes. If
a methylene group or even a longer alkyl chain is interposed between the bulky branched
carbon atom and carbamate nitrogen, e.g. going from the A-cyclohexyl (1) to A-
methylcyclohexyl (9) substituted carbamates, rat plasma stability drops.

Eur J Med Chem. Author manuscript; available in PMC 2013 July 18.
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All carbamates presenting SASA values over the 45.0 A2 limit value (i.e. higher surface area
of the carbamate fragment accessible to solvent, see also Table 2) showed lower stability in
rat plasma, with pseudo half-lives (#,) spanning in the 4-20 min range.

An evidence on how a certain degree of /n vitro liability to rat plasma hydrolytic enzymes
could affect /n vivo potency came from the comparison between the phenylbutyl derivative
16 and parent compound 1 (pICgq = 8.03 vs 7.20, respectively). Despite being almost ten
fold more potent /n vitrothan 1, the /n vivo potency on FAAH inhibition of 16, expressed as
ID5p, was comparable (0.96 vs 0.81 mg kg1, respectively) [24]. This result could be
explained on the basis of an increased sensitivity of 16 to plasma esterases hydrolysis

(&2, plasma = 6.6 min for 16 vs. 42.7 min for 1), also because a similar chemical stability was
observed in aqueous buffer at physiological pH [23].

2.3. Effect of N-substitutions on metabolism by rat liver Sg fraction

Liver subcellular fractions, such as Sg, cytosol and microsomes, obtained by differential
centrifugation methods, have become reference /n vitro models for drug stability studies in
drug discovery setting [51]. To our aim, data of this kind could enable us to evaluate which
modifications at the carbamate A-portion are related to a reduced clearance by rat liver
metabolic enzymes and, therefore, are favourable to improve the /n vivo half-life and oral
bioavailability of the compounds [52]. All carbamates, with the sole exception of the 1-
adamantyl derivative (10), which remained stable for the entire testing period, were
susceptible to /in vitro liver metabolism with half-lives ranging from less than 2 min for the
isopropyl (4) and r-butyl (5) derivatives to over 1 hour for the 2-indanyl carbamate (13). A
plot of log kgg versus calculated molar refractivity (MR) showed a trend, which suggests
that the increase in steric hindrance is inversely related to rat liver metabolic clearance (See
Figure 4). A similar plot could also be drawn between log Asg and calculated lipophilicity,
expressed as clogP (clog?, see Table 2); however, since as clogPsignificantly correlated
with MR (clogP= 0.68(x 0.02) MR —1.49(0.28); n = 16; R? = 0.974; s = 0.15; F = 533), it
did not increase the obtained information. Among most stable compounds we can enumerate
the A-alkylaryl substituted carbamates 13-15 for which conformational constraints could
have reduced the overall affinity for rat liver enzymes. However, the observed trend
remained qualitative; for instance, the methyl derivative (3) was much more stable than
expected, if compared to the other short alkyl substituents isopropyl (4) and 7-butyl (5),
probably due to a poorer recognition by rat liver enzymes. No correlation was found, as
expected, between rate constants in rat plasma (Aplasma) and liver Sg fraction (4sg), the latter
being a composite function of hydrolytic and oxidative reactions taking place within rat liver
preparation [51].

3. Conclusion

We have examined a series of alkylcarbamic acid biphenyl-3-yl esters to show that it is
possible to regulate their rat plasma hydrolases recognition by varying the steric hindrance
of the carbamate A-substituent. In particular, we have shown that the introduction of a
secondary or bulkier tertiary carbon atom in close proximity to the carbamate nitrogen atom
(8, 10) shields the hydrolytic attack by rat plasma esterases, if compared to what observed
for linear substituents. This SPR also provides an explanation for the better /in vivo/in vitro
potency ratios previously observed in rats for cyclohexyl derivatives over the linear
phenylalkyl ones [24]. The calculated area-based 3D descriptor SASA helped to rationalize
these findings, with a trend where the hydrolysis rate constants were inversely related to the
polar surface area of the carbamate fragment.

The results should be taken into consideration in the design of new carbamate-based FAAH
inhibitors endowed with adequate stability toward rat plasma hydrolysis.

Eur J Med Chem. Author manuscript; available in PMC 2013 July 18.
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4. Experimental section

4.1. Chemistry

All chemicals were purchased from Sigma-Aldrich (Sigma-Aldrich srl, Cologno Monzese,
Italy), and Analyticals Carlo Erba (Carlo Erba, Rodano, Italy) in the highest quality
commercially available. Syntheses of compounds 1-20 were published elsewhere [24,38].

4.2. Biological Media

Rat plasma was obtained from male Wistar rats, 250-300 g (Charles River Laboratories,
Milan, Italy). Animals were housed, handled, and cared for according to the European
Community Council Directive 86 (609) EEC, and the experimental protocol was carried out
in compliance with Italian regulations (DL 116/92) and with local ethical committee
guidelines for animal research. Pooled plasma was obtained by cardiac puncture, collected
into heparinized tubes, centrifuged (1,900 g, 4 °C, 10 min) using a ALC refrigerated
centrifuge (ALC srl, Cologno Monzese, Italy) and stored at =70 °C until use.

Rat liver Sq fractions were obtained from the same rats, transcardially perfused with 60 mL
ice-cold KCI 0.15 M. Livers were removed, weighted, sliced into small pieces, and
homogenized on ice with an ice-cold phosphate-buffered saline (PBS) solution (0.01 M, pH
7.4, 20% w/V). The Sq fraction was obtained by centrifugation (9,000 g, 4 °C, 30 min) and
stored at =70 °C until use. Protein content was quantified by the colorimetric Bradford
method, employing bovine serum albumin (BSA) as internal standard [53].

4.3. In vitro chemical stability

Chemical stability was investigated, at fixed ionic strength (« = 0.15 M), under
physiological (0.01 M PBS, pH 7.4), and alkaline (0.01 M borate buffer, pH 9.0) pH
conditions. Stock solutions of compounds were prepared in DMSO, and each sample was
incubated at a final concentration of 100 nM-1 wM in pre-warmed (37 °C) buffer solution;
the final DMSO concentration in the samples was kept at 1%. The samples were maintained
at 37 °C in a temperature-controlled shaking water bath (60 rpm). At various time points,
100 p.L aliquots were removed and analyzed by HPLC. Apparent half-lives (#,,) for the
disappearance of carbamate drugs were calculated from the pseudo-first-order rate constants
obtained by linear regression of plots of log [drug] versus time plots, and are reported in
Table 1 as mean values along with their standard deviations (1= 3).

4.4. In vitro enzymatic stability

Rat plasma was quickly thawed and diluted to 80% (v/) with PBS (pH 7.4) to buffer the
solution pH, which was checked during the course of experiments. Pooled rat plasma (400
pL) was incubated with PBS buffer (95 L, pH 7.4) and compound stock solution (5 L) in
DMSO (final DMSO concentration in samples: 1%; final compound concentration: 1 wM).

In rat liver Sq fraction stability experiments, aliquots (50 L) of liver Sq fraction were
quickly thawed and incubated for 5 min at 37 °C with the NADPH-regenerating system (2
mM NADP*, 10 mM glucose-6-phosphate, 0.4 U mL~1 glucose-6-phosphate
dehydrogenase, 5 mM MgCl,) in PBS (pH 7.4). At the end of the incubation period,
compound stock solution (5 L, 100 M) in DMSO was added (final DMSO concentration
in samples: 1%; final compound concentration: 1 tM). Final protein concentration in the
liver Sq fraction, measured according to Bradford method with BSA as standard [53], was 2
mg mL~L,

Samples from rat plasma and rat liver Sg fraction for stability studies were maintained at 37
°C in a temperature-controlled shaking water bath (60 rpm) throughout the experiments. At

Eur J Med Chem. Author manuscript; available in PMC 2013 July 18.
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regular time points, aliquots (50 L) were withdrawn, added with two volumes of CH3CN,
centrifuged at 8,000 g for 5 min at 4 °C, and analyzed by RP-HPLC. Apparent half-lives
(#0) for the disappearance of test compounds were calculated from the pseudo-first-order
rate constants obtained by linear regression of plots of log [drug] versus time; &, values
reported in Table 1 are the mean values of three experiments along with standard deviations.

4.5. Analytical methods

The disappearance of compounds 1, 2, 4-17, 19 and 20 was monitored by RP-HPLC
employing a Shimadzu gradient system (Shimadzu Corp., Kyoto, Japan) consisting of two
Shimadzu LC-10ADvp solvent delivery modules, a 20 p.L Rheodyne sample injector
(Rheodyne LLC, Rohnert Park, CA, USA), a SPD-10Avp UV-VIS and a fluorometric
detector, equipped with a reversed-phase C1g column (LC-18-DB, 5 pm, 150 x 4.6 mm i.d.;
Supelco, Bellefonte, PA, USA). The HPLC system was interfaced with PeakSimple 2.83
software for data acquisition. Mobile phases consisted of various percentages of CH3CN: 10
mM phosphate buffer, pH 7.0 (70:30—50:50, v//) delivered at a flow rate of 1 mL min~1,
Each compound was monitored at its relative absorbance maximum for UV detection and at
an excitation/emission wavelength of 285/315 nm for fluorescence detection.

Compounds 3 and 18 were monitored by an API1150EX single quadrupole LC-MS system
(AB/Sciex, Toronto, Canada) equipped with an ESI (Electrospray ionization) Turbo
lonSpray and an Atmospheric Pressure Chemical lonization (APCI) ion sources working in
positive ion mode (PIM) and coupled to an Agilent 1100 series HPLC system (Agilent
Technologies, Waldbronn, Germany) constituted of a G1312A binary pump, a G1379A
degasser and a 5 p.L Rheodyne sample injector.

Compound-dependent parameters were optimized by flow-injection analysis (FIA) and
ramping of the potentials. Final settings were: for compound 3, declustering potential (DP):
3.0V, focusing potential (FP): 100 V, entrance potential (EP): 10 V; [M+H]* ion was
detected at m/z = 228.09. For compound 18, DP = 30 V; FP =200 V; EP =10 V and [M
+H]* was detected at m/z = 383.23. In both cases, higher voltages led to compound in-
source fragmentation. The ion source temperature was set at 400 °C. In the ESI-MS-LC
system (for 18) an Ascentis™ C18 reverse-phase column, 100 x 2.1 mm, 5 um (Supelco,
Bellefonte, PA, USA) was used; flow rate was kept at 250 wL min~L. In the APCI-MS-LC
system (for 3) a Supelcosil C18-DB column, 150 x 4.6 mm, 5 um (Supelco, Bellefonte, PA,
USA) was used; flow rate was kept at 1 mL min~L. Mobile phases consisted of various
percentages of 0.1% HCOOH:CH3CN (45:55—25:75, vw/V). Data were acquired employing
Analyst 1.4 software package (AB/Sciex, Toronto, Canada).

4.6. SPR analysis

Three-dimensional molecular models of compound 1 and 3-18 were built by applying
standard tools in Macromodel [54] and their geometry optimised with OPLS2005 force field
[55] until an energy gradient of 0.01 kcal/(mol - A). The resulting structures were submitted
to 20 ns of molecular dynamics simulation at 298 K, (time step for integration = 1 fs)
applying OPLS2005 force field, in combination with the Surface Generalized Born
continuum model (GB/SA) for water representation [56].

For each simulation, 5,000 snapshots were collected and, for all of them, SASA of the
carbamate group (based on its N, H, and O atoms) was measured with Maestro software
[57], using a probe-radius of 1.4 A. Finally, for each compound, the mean value of the
SASA was calculated and employed as steric descriptor in the QSPR models. The dependent
variable was log Apjasma, i-€. the logarithm of the apparent first-order kinetic constant
observed in the presence of rat plasma, calculated as In2/¢;,{min]. clogP values of

Eur J Med Chem. Author manuscript; available in PMC 2013 July 18.
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compounds 1 and 3-18 were calculated employing Qikprop [58] as implemented in
Macromodel, while MR values of the same compounds were calculated using MOE
software [59].
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Figure 1.
Chemical structures of URB597, URB694 and URB937.
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Figure 2.
3D graphical representation of solvent accessible surface area for the carbamate group
(SASAcarbamate) Of UR8524 (1).
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Plot of SASAcarbamate VS hydrolysis constants in rat plasma (log Apjasma) for compounds 1
and 3-18.
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Figure4.
Plot of molar refractivity (MR) vs hydrolysis constants in rat liver Sg fraction (log 4sg) for
compounds 1, 3-9 and 11-18.
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