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The inhibition of 11B-hydroxysteroid dehydrogenase type 1 (118-HSD1) is a potentially attractive

mechanism for the treatment of obesity and other elements of the metabolic syndrome. A series of

pyrazolo-pyrimidine inhibitors of this enzyme were identified from directed library synthesis.
10 Knowledge of how these compounds bind to the enzyme and the key hydrogen-bonding interactions was
used to design further compounds. The hydrogen-bond acceptor strength was calculated from the
molecular electrostatic potential using quantum mechanical theory. Compounds were designed to
modulate the acceptor strength, thus optimising the potency and other drug-like properties. Compounds
with enhanced CNS penetration were designed through further modification of the electrostatic potential
and the hydrogen-bond properties.
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Obesity has been recognised by the World Health Organisation as H
a global epidemic. It has been estimated that global obesity N°N" S
levels in 2012 were equal in weight to an additional 56 million V
20 people of average body mass.' It has been proposed that the Fig. 1 Compound 1
reduction of intracellular glucocorticoid concentrations is a
potential mechanism for the treatment of obesity and metabolic do so only to a modest extent.
syndrome.” so  Researchers at AstraZeneca have previously discovered
11p-hydroxysteroid dehydrogenase type 1 (11B-HSD1) is an AZDA4017 1 (Figure 1), an effective inhibitor of 11B-HSDI in
2 NADPH dependent enzyme, principally expressed in the liver, human adipocyctes, and selected it for clinical development.'®
adipose tissue and the brain.® It catalyses the conversion of the Our own experiences in a pre-clinical setting agree with the
inactive glucocorticoid hormone cortisone to the active published clinical data and indicate that only very high exposures
glucocorticoid cortisol and has a key role in regulating of 11B-HSD1 inhibitors provide efficacy. We hypothesised that
intracellular cortisol concentrations.” Inhibition of 113-HSD1 has modest exposure in the central nervous system (CNS) may
30 therefore been proposed as an attractive method of lowering account for the limited efficacy, despite high exposure in the

. . 19 . . .
intracellular  glucocorticoid concentrations that could have peripheral tissues.™ 118-HSDI is expressed in areas of the brain

benefits in the treatment of obesity. In addition, 11B-HSDI is relevant to metabolic control,”® and glucocorticoids are known to
have effects on neuropeptides in the hypothalamus, including

proopiomelanocortin (POMC) and neuropeptide Y (NPY), which
are crucially involved in food intake and have also been shown to
control glucose levels via the vagal nerve.”"*** One potential risk
of inhibiting 11B-HSDI in the brain is that it may lead to
activation of the hypothalamic-pituitary-adrenal (HPA) axis.

S

highly expressed in brain regions important for cognition and is  ®
increased in animal models of Alzheimer’s disease (AD).
Transgenic overexpression of 113-HSD1 in brain exacerbates
age-associated cognitive dysfunction, while 113-HSD1 knockout
mice are protected.® ® Proof of concept in an AD setting has been
obtained in humans by use of the nonselective prototype 11p- ¢

w
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HSDI1 inhibitor carbenoxolone.!® Initial data from trials have shown some evidence for modest
s  More than 25 pharmaceutical companies have some interest in increases in androgens and adrenocorticotropic hormone,
11B-HSD1 as a target, as evidenced by over 250 patent consistent with HPA axis activation, but within normal

? . . 23 .
applications.'"""* Incyte and Merck have reported data on phase IT physiological levels.” In order to test our hypothesis and assess

S

clinical trials.">'7 Their results indicate only modest reduction in 7 the potential risks we require compounds capable of reaching and
fasting plasma glucose and glycated haemoglobin — key inhibiting 11B-HSD1 in the brain (in addition to peripheral
biomarkers for diabetes. These data suggest that only high doses tissues) and thus a back-up program was initiated with the task of
of 11B-HSDI inhibitors improve glycemic control in humans and discovering 11B-HSD1 inhibitors with good CNS exposure.
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Fig. 2 Compounds 2 and 3. The numbering scheme for pyrazolo-
pyrimidine core is also indicated.
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Scheme 1 General synthetic route. Reagents and conditions: (i) amine,
HATU, DIPEA, DMF. R =OH, CN, H, OCH;

Another branch of this work involving a different chemical series
has been reported by Goldberg et al.**

Designing compounds to achieve exposure in the brain is a
two-fold challenge: first a drug must have a high permeability at
the blood-brain barrier, and secondly the drug must not be a
substrate for efflux by one of the many transporters expressed at
this membrane. These goals typically require different
pharmacokinetic and pharmacological profiles to peripherally
acting compounds. Predicting these properties is difficult,
however some general principles of CNS drug-design have been
derived from an analysis of marketed drugs.>*" The general
principles for attaining good CNS exposure are that the drug
should have (i) a low molecular weight, less than 400 Daltons;
(i) a low polar surface area, less than 90 AZ (iii) a moderate
lipophilicity, 1 < logD < 3; (iv) a maximum of one hydrogen-
bond donor; and (v) the avoidance of acids. These criteria
provided clear design guidelines for our CNS penetrant 1103-
HSD1 inhibitor program.

Results and discussion

Through profiling of the acidic compound 1 it was determined
that this and similar acidic compounds would have a low
likelihood to achieve significant CNS exposure. The desired
profile was therefore of a neutral compound from a related series
to 1. Previous work had identified that N-(5-hydroxy-2-
adamantyl)-amide was a beneficial fragment for use in 113-HSD1
inhibitors, possessing a good balance of potency, lipophilicity and
metabolic stability.'® !° Using the structure activity relationships
observed with 1 and related compounds, a library was designed
where the hydroxy-adamantyl-amide fragment was fixed and the
remainder of the molecular structure explored, based upon a
focussed reagent selection. The library was screened in an 11f-
HSD1 enzyme inhibition assay.

Two of the compounds found from this screen were 2 and 3
(Figure 2), related inhibitors of 113-HSD1 with ICs; values of 0.1
uM and 1.1 puM respectively. These compounds were not
considered sufficiently potent to be progressed into further
studies, but compound 2 does have an attractively low
lipophilicity (logD;, = 1.2) and thus a respectable ‘ligand

s lipophilicity efficiency’® (LLE = pICs, — logD; 4 = 5.8). One
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Fig. 3 The structure of compound 7 bound to 11B-HSD1, solved from
single crystal X-ray diffraction. The protein surface is shown in gold, the
ligand electron-density is shown in blue wireframe. Hydrogen-bonds to
S170 and Y183 are indicated.

potential limitation of this compound is that it formally possesses
two hydrogen-bond donors, which may limit its CNS exposure.
However, it was recognised that the proximity of a hydrogen-
bond acceptor (4-position of the aromatic system) would partially
mask the effect of one donor, which was felt would increase the
likelihood of CNS exposure. Furthermore, the compound is
small (MW = 312 Daltons), with a good ‘ligand efficiency’*
(ratio of binding energy to non-hydrogen atoms) and with a
relatively low polar surface area (PSA = 79 A?) making it a
suitable lead compound for further optimisation.

Compound Synthesis

Compounds were prepared by coupling either trans 4-amino-
adamantan-1-ol, 4-aminoadamantane-1-carbonitrile,
adamantan-2-amine, or trans 5-methoxyadamantan-2-amine with
pyrazolo-pyrimidine acids, 6-cyano-1-methyl-
pyrrolo[3,2-b]pyridine-3-carboxylic acid, or imidazo-pyradazine
acid, using N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-
yl)uronium hexafluorophosphate (HATU) in the presence of N,N-
diisopropylethylamine (DIPEA). Some of the substituents on the
pyrazolo-pyrimidine ring were introduced during construction of
the bicyclic acids prior to coupling, while others were introduced
by functional group interconversion subsequent to the amide
formation. An illustrative example is shown below with full
details in the supporting information.

Synthesis of 2, N-(trans 5-hydroxy-2-adamantyl)pyrazolo[1,5-
a]pyrimidine-3-carboxamide was performed as follows. N,N-
Diisopropylethylamine (0.536 mL, 3 mmol) was added to
pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (163 mg, 1.00
mmol), trans 4-aminoadamantan-1-ol hydrochloride (204 mg, 1
N,N,N’,N'-tetramethyl-O-(7-azabenzotriazol-1-
yluronium hexafluorophosphate (457 mg, 1.20 mmol) in N,N-
dimethylformamide (DMF) (4 mL). The resulting mixture was
stirred at ambient temperature for 17 hours. The reaction mixture
was diluted with ethyl acetate (25 mL), and washed with water
(10 mL). The organic layer was evaporated to afford crude
product which was purified by preparative HPLC to afford the

trans

various

mmol) and

This journal is © The Royal Society of Chemistry [year]
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Fig. 4 The calculated electrostatic potential (ESP) associated with a
pyrazolo-pyrimidine fragment. Lines indicate isopotential contours, with
colouring from red (high ESP) to green (low ESP).

title compound 2 (0.169 g, 54%) as a solid. The compound was
characterised by "H NMR, *C NMR and mass spectrometry.

Protein-bound conformation

The binding mode of the pyrazolo-pyrimidine series of
compounds was predicted from docking and later confirmed
using single crystal X-ray diffraction (Figure 3). The protein is
refined as a dimer in the asymmetric unit, the ligand binding site
being essentially identical for each monomer. The key
interactions for potency are a pair of hydrogen-bonds formed
from the carbonyl of the ligand to Ser170 and Tyrl83.
Additionally, from co-crystals of similar compounds, the
hydroxyl group of the ligand is known to form interactions with
water through to the NADPH cofactor and the protein (see PDB:
4C7K). However, the resolution of the structure was insufficient
to resolve solvent molecules in this case.

As predicted, an intermolecular hydrogen-bond is formed
between the aromatic nitrogen acceptors at the 4-position of the
pyrazolo-pyrimidine ring and the amide NH donor (2.3 A apart).
In addition to promoting the correct conformation for binding,
this feature should mask the effect of the donor so that the
associated polarity would not be fully exposed at the surface of
the molecule. This should increase the likelihood of the
compound crossing the blood-brain barrier. One important point
to note is that traditional calculated PSA® is a rule-based
implementation using the 2D molecular scaffold. It is therefore a
poor guide in assessing the effect of conformation on the
effective polar surface area and was not used to guide design.

Hydrogen-bond acceptor strength

Molecular conformation, though fixed upon binding to the
enzyme, is dynamic in solution. The potency of each molecule
will therefore partly depend upon the enthalpic penalty in moving
from an ensemble of solution conformations to a single bioactive
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conformation. The presence of an intermolecular hydrogen-bond,
as shown in Figure 3 will bias the conformational ensemble
towards the bioactive conformation, minimising this penalty. It
follows that a stronger hydrogen-bond acceptor at the 4-position
will more strongly bias the conformational ensemble towards the
bioactive one and thus will result in a more potent compound
through an entropic effect. In addition, it is proposed that the
more-compact conformation favoured by the formation of the
internal hydrogen bond would have a lower surface area, with
less exposed polar surface and thus fewer opportunities to interact
with the solvent molecules, reducing the enthalpic penalty for
desolvation.

The strength of a hydrogen-bond donor (logka) or a hydrogen-
bond acceptor (logkf) may be calculated using quantum
mechanics, employing a method described by Kenny.*" ** All
calculations were performed with Gaussian09,* using the
restricted Hartree-Fock method, with the 6-31G* basis set. Using
this procedure the acceptor strength was derived from the
minimum electrostatic potential adjacent to the heteroatom.
Figure 4 shows the electrostatic potential around the pyrazolo-
pyrimidine unit and the two electrostatic potential minima
associated with the two hydrogen-bond acceptors. Note that the
calculations were performed on pyrazolo-pyrimidine fragments
only, that did not contain the amide or adamantyl groups. This
was in order to derive a clear view of the hydrogen-bond acceptor
strength without the complicating influence of the amide
hydrogen-bond donor convoluting the electrostatic potential.

A second hydrogen-bond acceptor exists at the 1-position of
the pyrazolo-pyrimidine ring. The crystal structure (Figure 3)
shows that the contact distance (2.7 A) is correct for a weak CH-
X hydrogen-bond, despite the fact that the a-carbon of a glycine
residue is not normally associated with hydrogen-bonding
characteristics. Here it likely exists as a result of the geometry of
the ligand protein-complex rather than being a driving force in its
formation.  The contribution of this ‘external’ acceptor to
compound potency depends on two competing factors: the free
energy gained on making an interaction with the protein, and the
free energy used in breaking interactions with water during
desolvation. Given the weak nature of CH-X hydrogen-bonds it
is expected that in this case increasing the hydrogen bond
strength (logkf.y,) will not have a significant effect on the affinity
and that increasing the polarity may result in a larger desolvation
penalty, hence a net effect of lower potency.

A selection of pyrazolo-pyrimidines was made that attempted
to address both of these hydrogen-bonding hypotheses as well as
other structure-activity relationship questions. The hydrogen-
bond acceptor strengths for the ‘internal’ hydrogen bond
(logkfi) and the ‘external’ hydrogen bond (logkf.) were
calculated across all candidate compounds. The synthesised
compounds thus cover a range of hydrogen-bond acceptor
strengths.

Hydrogen-bond strength relationships

The potency of these compounds was determined in a human
11B-HSD1 enzyme assay and the logD-,,4 (in octanol at pH 7.4)
was also determined. Table 1 gives details of these
measurements and the calculated hydrogen-bond acceptor
strengths for 17 compounds. The values are quoted to the
appropriate accuracy, taking into account experimental error.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3
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Table 1 The calculated and measured data for a set of related pyrazolo-pyrimidine compounds
Solubility Rat heps CLiy
Compound  Logkfey LogkBin R5° R6® R7° pICsp LogDs4 (uM) (uL/min/10%cells)
2 1.56 1.49 H H H 7.0 1.4 432 3
3% 0.54 2.58 H H H 6.0 1.2 1020 nv
4 1.64 1.70 CH; H H 7.7 1.9 238 53
5 1.66 1.68 H CH; H 7.2 1.7 124 16
6 1.84 1.42 H H CH; 7.5 2.0 70 nv
7 1.90 1.62 CH;4 H CH; 8.2 2.0 99 7
8 1.82 1.46 CH;4 H CH,0OCH; 7.6 2.1 40 <2
9 1.20 0.70 CH;4 H CF,H 7.6 2.2 130 <2
10 0.98 1.34 CH;4 H CF; 7.3 2.3 228 <2
11 0.88 1.11 H H CF; 6.7 2.0 514 7
12 0.85 0.81 cPropyl H CF,H 8.0 2.8 38 9
13 1.69 1.70 CH,0OCH; H CH; 7.8 1.8 552 <2
14 1.69 1.70 H CH,CH; H 7.5 2.3 105 29
15 0.92 1.09 H Cl H 7.3 1.8 236 10
16 0.41 0.42 H C= H 6.6 0.6 964 179
17 1.56 1.68 H OCH; H 7.2 1.8 256 11
18 1.84 1.97 H CH,CH,OH H 6.5 1.0 174 <2
“ Compound is imidazo-pyridazine, but sufficiently similar to be included in the same analysis.
? Substituent numbering follows the standard numbering conventions for pyrazolo-pyrimidine substitution, see Figure 2
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Fig. 5 (a) A model of pICs, predicted from logkfiy, logkfe and logD7 4. R?=0.76, RMSE = 0.32. (b) the positions of ‘internal’ and ‘external” H-bond
5 acceptors. (c) the variable profile indicating how each variable affects potency.

Using linear regression a simple relationship was derived
between potency, the logkf values of the two acceptors and the

logD7 4.

10 plCsp = C + Ay log D74 + Az 10g kBint — A310g kBext 1)
The constants in equation (1) are defined: C =5.87 £0.41 (P <
0.0001), A; = 0.63 £ 0.16 (P = 0.0018), A, = 0.63 £ 0.19 (P =
0.0052), A; =0.41 £0.18 (P = 0.038). Note that the probability
15 (P) quoted is for the number being insignificantly different from
zero. All variables here are therefore significant. The model is
judged to be of a high quality, with the three input variables
explaining 76% of the variance (R?) in potency and a root mean
squared error (RMSE) of 0.32 between the predicted and the
20 measured values.
The model shows the expected relationship between hydrogen-

bond acceptor strength and potency (Figure 5), i.e. as the internal
hydrogen-bond acceptor increases in strength, the potency also
increases and as the external hydrogen-bond acceptor increases in

25 strength, the potency decreases. The relationship also includes
logD as a factor and this is not unexpected for compounds in the
same series. This is largely a consequence of the more
hydrophilic compounds requiring more energy to desolvate. It
should be noted that there are no significant correlations between

30 logD and logkf;y; or 10gkpey:. R? values for these correlations are
0.037 and 0.032 respectively.

Solubility (S) of these compounds can also be predicted to a
reasonable level of accuracy using only the calculated hydrogen-
bond acceptor strengths and the measured logD.

35

log(S/uM) = Ay log kB, + Az log D; 4 — As(log Dy 4)? 2)

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 (a) A model of solubility, predicted from logkBi, and logD4. R* = 0.76, RMSE for log(solubility) = 0.54. (b) the variable profile indicating how
each variable affects solubility. Note, logD74 <1 is not part of the applicability domain.

Table 2 The calculated and measured data for a matched pair of compounds through heteroatom substitution in the aromatic ring

O (@]
OH OH
74 N 74 N
N @ a @
N N
A /
N\ 2 N\ 19
LoghBine  Logkfexe  pICsy logD7 4 Solubility (uM) LoghBine  LogkBe:  pICsy logD7 4 Solubility (uM)
1.56 1.49 7.0 1.4 432 na 2.06 6.3 1.5 251

The constants in equation (2) are defined: C = 6.01 £ 0.76 (P <
0.0001), A; = 1.28 £ 0.33 (P = 0.0019), A, =2.86 = 0.28 (P =
0.0002), A3 =1.17 £ 0.42 (P = 0.015). The probabilities indicate
all variables are significant. The model (Figure 6) is judged to be
of a high quality with variables explaining 70% of the variation
(R% and with a RMSE in prediction of log(solubility) of 0.54
between predicted and measured values.

In the General Solubility Equation (GSE) the solubility can
ideally be modelled by the logD (a surrogate for the desolvation
energy) and the melting point (a surrogate for the lattice-breaking
energy).>* A LogD term is present and correct in this model and
the presence of the higher order term may be a proxy for the
lattice energy. The logkf terms might also be expected to
contribute to the lattice energy but in this case the strength of the
‘external’ acceptor does not have a significant effect on the
model. The implication is that logD? is a better descriptor of the
differences in lattice energy and of interactions in the solid state,
in this instance. This may indicate a solid form dominated by
non-polar contacts rather than hydrogen-bonds. The model does
show that the solubility decreases with increasing ‘internal’
hydrogen-bond acceptor strength. This implies that stronger
intermolecular hydrogen-bonds in the solid state - and thus a
higher desolvation penalty - drive the poor solubility for
compounds where logkp;,, is high.

Effect of removal of a hydrogen-bond acceptor

The internal hydrogen bond is clearly important for the potency
of these compounds. To test this relationship the reverse
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hypothesis was investigated, i.e. what are the properties of
compounds lacking an internal hydrogen bond? The clearest
comparison is to replace the pyrimidine nitrogen (4-position) with
CH, compound 19. Table 2 shows a matched pair of
compounds® exhibiting this change. The transformation results
in a significant drop in the potency, which coupled with the
essentially static logD gives a lower ligand lipophilicity
efficiency (LLE) than the parent compound. At face value it may
seem somewhat surprising that replacement of an aromatic
nitrogen with a carbon has little effect on the logD. However, we
must consider that the polarity associated with this nitrogen is
partially masked by the internal hydrogen bond. Replacement of
this nitrogen removes its associated polarity, but also exposes
additional polarity due to the hydrogen bond donor of the amide.
The net result is no change in the measured lipophilicity.

This result seems to confirm the hypothesis that the internal
hydrogen bond is important to help the molecules attain the
binding mode conformation. The absence of this internal
interaction, though not absolutely detrimental to the potency,
does incur an energetic penalty for the molecule to achieve the
bioactive conformation, hence the lower observed potency.

Effect of removal of a hydrogen-bond donor

This series of 113-HSD1 inhibitors possesses two hydrogen-bond
donors (albeit one is partially masked). Our hypothesis was that
reducing this number would give high brain exposure across the
series. The amide donor has historically proven to be difficult to
replace without losing potency, e.g. simply methylating the amide

This journal is © The Royal Society of Chemistry [year]

[iournal], [year], [vol], 00-00 | 5



w

10

MedChemComm

Page 6 of 8

Table 3 The calculated and measured data of several sets of matched pairs by substitution at the 5-position of the adamantyl group

RS R6 R7 5” group Compound pICsy LogD;4 Solubility Rat heps HuMDCK  Hu Total Free
(UM) CLin apparent MDCK  Brain- Brain-
(nL/min/10°ells) permeability — efflux Blood Blood
(10%cm/s) ratio Ratio® Ratio®
OH 2 7.0 1.4 432 3 - - - -
H H H H 20 79 35 12 68 - ; - -
OH 13 78 1.8 552 2 - - - -
CH.OCH; H CHs C=N 21 7.7 24 54 24 - - - -
OH 5 72 1.7 124 16 29 0.8 0.3 0.3
H CH; H C=N 22 72 23 45 42 46 0.5 1.6 1.0
OCH; 23 73 26 181 14 49 0.5 NV® NV®
OH 6 7.5 2.0 70 - - - 0.3 0.3
H H CHs C=N 24 7.6 24 117 124 - - - -
OH 7 8.2 2.0 99 7 - - - -
CH; H CH; C=N 25 8.0 29 7 107 - - - -
OH 8 7.6 2.1 40 2 - - - -
CH; H CH0CHs o 26 7.8 2.7 - 2 - - - -
q cl q OH 15 7.3 1.8 236 10 44 0.5 0.3 0.4
C=N 27 72 25 44 17 41 0.5 0.6 0.9
OH 18 6.5 1.0 174 2 - - - -
H CH,CH,OH H C=N 28 6.4 1.6 41 67 - - - -

“ The Total Brain-Blood Ratio is the ratio of the measured concentrations of the molecule in brain and in whole blood as measured in Han Wistar rats, one

hour after dosing.

® The Free Brain-Blood Ratio is the ratio of measured free concentration of the molecule in brain (corrected for binding to rat brain tissue) and in blood

(corrected for binding to rat serum protein).

¢ The measured levels in both blood and brain were below the minimum level of quantification.
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Fig. 7 Molecular-matched pairs of compounds containing either hydroxy
or cyano adamantyl, showing (a) pICsy and (b) logD4. Properties for
cyano-containing compounds are on the Y-axis; hydroxyl-containing

compounds on the X-axis. 1:1 line in grey and mean change in the
property indicated in orange (dashed).

20

25

35

40

of related active compounds loses all enzyme activity (data not
shown). Instead we looked at removal of the donor from the
hydroxy group.

The previous structure variations had kept the 5-hydroxy-2-
adamantyl group constant. The design challenge was to find a
replacement for the hydroxyl that would not significantly erode
the solubility and metabolic stability. Table 3 shows compounds
2 and 20, a matched molecular pair where the hydroxyl group has
been removed. Although the inhibition potency has increased by
an order of magnitude, the lipophilicity has increased beyond
acceptable limits and the LLE is reduced as a result. Furthermore
the solubility has dropped sharply following this change and the
extent of metabolism has risen, both in keeping with the logD
increase.

Compounds 5 and 23 show another molecular matched pair
where the hydroxyl has been replaced, this time with methoxy
(table 3). The data for the methoxy compound look promising:
the potency, solubility and in vitro metabolism have all been

30 maintained and, while the lipophilicity has increased, it is within

acceptable limits. This compound was progressed to in vivo
studies. However, the observed in vivo metabolism of compound
23 was much greater than expected with an in vivo clearance of
100 mL/min/kg (apparently greater than liver blood flow) and a
fraction absorbed of only 3% (c.f a clearance of 28 mL/min/kg
and a fraction absorbed of 32% for its partner, compound 5). No
compound was detected in the CNS. The methoxy group was
therefore deemed an unsuitable replacement for the hydroxyl.

A third strategy was the replacement of the hydroxyl group
with a cyano group. This group is predicted to be able to make

This journal is © The Royal Society of Chemistry [year]
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hydrogen-bonding interactions with solvent molecules in the
ligand binding site, similar to those existing for the hydroxyl.
Table 3 shows seven matched molecular pairs where this change
has been made. Across these examples the inhibition potency has
been maintained (mean ApICsy = -0.05 = 0.14) and the logD has
increased (mean AlogD; 4 = 0.64 £ 0.15), see Figure 7. The logD
increase is undesirable, but tolerated given the greater potential
for CNS penetration for removing the hydrogen bond donor. The
trend with solubility (mean Alog(solubility) = -0.62 + 0.48) and
in vitro clearance (mean Alog(CL;,) = 0.73 £ 0.61) are less clear
due to the wide range of results observed.

A common and useful means of assessing the likely
permeability at the blood-brain barrier is through an in vitro,
human MDCK transporter assay, measuring both the apparent
permeability and the efflux ratio. Several compounds were tested
in this assay (table 3) and the results indicate that all tested
compounds are highly permeable and have a low efflux liability.
Given the lack of useful differentiation observed, we decided to
use in vivo CNS penetration studies as a means of further
assessing blood-brain barrier permeability.

Two cyano-containing compounds with low
metabolism values were advanced into in vivo CNS-penetration
studies. Examining the matched-pairs for these compounds in
table 3 reveals that the ratio of free compound in the brain to free
compound in the blood has increased in both cases; for compound
22 the ratio is 1.0 making this the first compound in this series to
be identified with equal exposure in the brain and periphery.

Ultimately this CNS penetrant compound successfully follows
the general design rules for CNS drugs. It is a neutral compound,
the molecular weight has been kept low (335 Daltons), the polar
surface area has been maintained relative to the starting point (75
A? using the rule-based, conformationally naive method), the
lipophilicity has been maintained in the correct range (logD;4 =
2.3) and there is only one (masked) hydrogen bond donor.

Compound 22 was duly selected for further profiling in in vivo
efficacy studies in a diet-induced obese mouse model. However,
this study was cancelled as shortly after this (as previously
reported by Goldberg et al.>*) profiling of a compound from
another series of 11B-HSD1 inhibitors with similarly high CNS
exposure failed to support the theory that body-weight effect
were centrally mediated. The hypothesis having been disproven,
the project was halted.

in vitro

Conclusions

The principle of designing compounds based on the accurately
predicted electronic properties of molecules is an attractive
proposition for lead optimisation. It is a rational design process
and allows the exploration of the structure activity relationships
without significantly increasing the molecular size or complexity,
with relatively few compounds making for an extremely rapid
and efficient lead optimisation campaign.

This work has demonstrated that, for a series of pyrazolo-
pyrimidine-containing compounds, a clear relationship between
hydrogen-bond acceptor strength and potency exists. In these
compounds a strong hydrogen bond acceptor, capable of forming
an internal hydrogen-bond, favours the bioactive conformation,
reduces the entropy penalty for conformational adjustment and
thus results in more potent inhibitors of 118-HSD1. Similarly, a
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strong, externally directed hydrogen-bond acceptor shows
reduced potency against 113-HSD1. This is hypothesised to be a
result of increased energy of desolvation without a corresponding
increase in the binding affinity to the enzyme. Finally, we
reduced the number of hydrogen-bond donors in the molecule by
replacing the 5-hydroxy-2-adamantyl group with 5-cyano-2-
adamantyl, giving an equivalent potency and metabolic stability
but with a higher brain exposure, and in so doing identified a tool
compound suitable for further studies.
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