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Abstract

118-Hydroxysteroid dehydrogenases fIHSDs) are key enzymes regulating the pre-receptor
metabolism of glucocorticoid hormones, which play essential imlgarious vital physiological
processes. The modulation of ftHISD type 1 activity with selective inhibitors has benafic
effects on various conditions including insulin resistance, pigelmia and obesity. Therefore,
inhibition of tissue-specific glucocorticoid action by regulgti 113-HSD1 constitutes a
promising treatment for metabolic and cardiovascular diseases.\vé report the discovery of a
series of novel adamantyl carboxamides as selective intgtwt human 13-HSD1 in HEK-293
cells transfected with the HSD11B1 gene. Compohdsd14 show inhibitory activity against
118-HSD1 with Gy values in 100 nM range. Docking studies with the potent comp® umimd
the crystal structure of humanftHSD1 (1XU9) reveals how the molecule may interact with the

enzyme and cofactor.

Keywords. Hydroxysteroid dehydrogenase; ftHSD1; Inhibitors; Adamantane; Diabetes;

Obesity

1. Introduction

Glucocorticoid hormones play essential roles in various vital iploggcal processes,
including regulation of carbohydrate, lipid and bone metabolism, miolulaf inflammatory
responses and stress. It has been indicated that exoglssiweorticoid action in many aspects is
associated with insulin and leptin resistance, leading to tkelafement of obesity, type 2
diabetes and metabolic syndrome (Oppermann, 2006). Glucocortitiodsadepend on both the
binding to glucocorticoid receptors (GRs) and the pre-recepétabolism of the ligand cortisol
and its precursor cortisone. It is well known that the pre-recepttabolism process is mediated

by 1183-HSDs, which are microsomal enzymes from the short-chadwdiegenases/reductases
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superfamily. Currently, two different fAHSD isozymes (13-HSD1 and 1f-HSD2) have been
reported in humans (Tomlinson et al., 2004). The-H$D1 isoform, highly expressed in liver
and adipose tissue, converts cortisone to the active glummedrcortisol, therefore locally
amplifying the glucocorticoid action in specific tissuesg(FL). Clinical data suggest that
inhibition of 113-HSD1 with a non-selective inhibitor increases hepatic insdimsitivity along
with decreased glucose production (Walker et al., 1995). Isasshown that the modulation of
118-HSD1 activity with selective inhibitors has beneficiitets on various conditions including
insulin resistance, dyslipidemia and obesity (Hermanowskatkaset al., 2005). Recently, the
positive proof-of-concept results from a 28-day phase lla clitiizdlwith the potent 13-HSD1
inhibitor INCB013739 were reported by Incyte. It is indicated theditment of type 2 diabetes
mellitus patients with INCB013739 for 28 days significantly imgeh\hepatic and peripheral
insulin sensitivity and reduced fasting plasma glucose, plé@mdensity lipoprotein- and total-
cholesterol levels (Hawkins et al, 2008Jherefore, inhibition of tissue-specific glucocorticoid
action by regulating IBEHSD1 constitutes a promising treatment for metabolic and

cardiovascular diseases (Hughes et al, 2008; Su et al., 2008).

(Insert Figure 1)

To discover new inhibitors of BIHSD1 an ongoing project in our group involves the
structure based drug design of novel compounds and evaluationrohkfigitory activity against
human 1B-HSD1. Our previous studies indicated that some aryl sulphonaamde aryl
carboxamide derivative possess moderate inhibitory activitypunified human 1-HSD1.
Compoundsl and?2 (Fig. 2) exhibited inhibition of human hepatic microsomgi-HSED1 with
ICs values in the low micromolar range (Su et al., 2006; Viekeal 2007). It is important to

have an array of structural types ofad4SD1 inhibitors as the physicochemical properties of the
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compounds will determine tissue distribution, HPA effects, arichaidély clinical utility. Here
we report the discovery and the structure-activity relationsbigome adamantyl carboxamide

compounds as novel, potent and selective inhibitors [@H3ID1 in a HEK-293 cell line.

(Insert Figure 2)

2. Methods
2.1 Synthesis of target compounds (3-14)

Compounds3-14 were synthesized from 1-adamantyl carbonyl chloride or 1-adtyacetic
acid through an amide coupling reaction with various aminesrgtdiedard conditions (Vicker
et al., 2006). Melting points were determined using a Stanfesg&ch Systems Optimelt and
are uncorrected'H NMR spectra were recorded with a JEOL Delta 270 spetter and
chemical shifts are reported in parts per million (pphrelative to tetramethylsilane (TMS) as
an internal standard. LC/MS spectra were obtained on a Wdiensmass ZQ with Atmospheric
Pressure Chemical lonization (APCI). High resolution nsetra were recorded on a Bruker
MicroTOF with Electrospray lonisation (ESI). HPLC analyssere performed on a Waters
Millennium 32 instrument equipped with a Waters 996 PDA deteaking a Symmetry C18
reverse phase column (4.6 x 150 mm) eluting with 10@/MeCN.

General method A: To a solution of 1l-adamantyl carbonyl chlof@&6 mmol) in
dichloromethane (DCM, 5 mL) was added triethylamine (0.1, fdllowed by the corresponding
amine (0.25 mmol). The reaction mixture was stirred abiamh temperature under nitrogen
overnight. Polymer supported trisamine (4.1 mmol/g, 100 mg) aduded; the mixture was
stirred at room temperature for 2 h, filtered and concexatratvacuo to give the crude product.

Purification by flash chromatography gave the adamantyl cantidea
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General method B: To a solution of the 1-adamantane ac&di¢®5 mmol) in DCM (8 mL)
were added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI,6 Ommol), 4-
(dimethylamino) pyridine (DMAP, 10 mg) and triethylaminel(fhL) at room temperature. After
stirring for 0.5 h, the corresponding amine (0.5 mmol) wasddtn¢he reaction mixture. After
12 h the mixture was partitioned between DCM and brine andrgamic layer was washed with
brine, dried over MgS9and concentrateish vacuo. The crude product was purified with flash

chromatography to give the adamantyl acetamide.

(Insert Scheme 1)

N-(4-Chloro-2-methyl-1,3-benzothiazol-5-yl)adamantane-1-car boxamide (3). The compound
was prepared using general method A to give a white soB8% yield. mp 183.5-185.5 °¢i
NMR (CDCk) J 1.78 (6H, m), 2.03 (6H, d, = 3.0 Hz), 2.12 (3H, s), 2.86 (3H, s), 7.68 (1HJ d,
= 8.9 Hz), 8.12 (1H, s) and 8.50 (1H,X= 8.9 Hz); LC/MS (APCI) m/z 361 (M+H) HRMS
(FAB) calcd. for GeH,CIN,OS (M+H) 361.1141, found 361.1147; HPLE3.90 min (>99%).
N-[2-(T hiophen-2-yl)ethylJadamantane-1-carboxamide (4). The compound was prepared
using general method A to give a white solid in 78% yieig.123-126 °C*H NMR (CDCk) &
1.69 (6H, m), 1.80 (6H, dl = 2.8 Hz), 2.01 (3H, s), 3.01 (2H,X= 5.9 Hz), 3.49 (2H, ¢ = 6.1
Hz), 5.73 (1H, broad), 6.81 (1H, m), 6.95 (1H, d¢; 5.1, 1.0 Hz) and 7.16 (1H, d#i= 5.2, 1.2
Hz); LC/MS (APCl)m/z 290 (M+H); HRMS (ESI) calcd. for GH2NOS (M+H)" 290.1579,
found 290.1576; HPL& 2.65 min (>99%).

N-(T hiophen-2-ylmethyl)adamantane-1-car boxamide (5). The compound was prepared using
general method A to give a white solid in 87% yield. mp 1558.86;H NMR (CDCk) J 1.70

(6H, m), 1.86 (6H, dJ = 3.0 Hz), 2.03 (3H, s), 4.60 (2H, 8= 5.6 Hz), 5.88 (1H, broad), 6.93
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(2H, m) and 7.21 (1H, dd,= 3.0, 1.0 Hz); LC/MS (APCI) m/z 276 (M+H)HRMS (ESI) calcd.
for CigH2oNOS (M+H)" 276.1422, found 276.1422; HPLE2.52 min (>99%).

N-M ethyl-N-[2-(thiophen-2-yl)ethyl]adamantane-1-car boxamide (6). The compound was
prepared using general method A to give a white solid in 6@4d.ymp 95-99°C; *H NMR
(CDCl) 8 1.67 (6H, m), 2.00 (9H, broad), 3.02 (3H, s), 3.06-3.09 (@H,3.61 (2H, tJ = 7.4
Hz), 6.81-6.82 (1H, m), 6.92 (1H, dd= 3.2, 5.0 Hz), 7.13 (1H, dd,= 1.0, 5.0 Hz); LC/MS
(APCI) m/z 304 (M+HJ; HRMS (ESI) calcd. for @H2eNOS (M+H)" 304.1735, found 304.1718;
HPLC & 3.22 min (98%).

N-M ethyl-N-(thiophen-2-ylmethyl)adamantane-1-car boxamide (7). The compound was
prepared using general method A. Colourless thick oil was ebotdin 81% yield.'*H NMR
(CDCl) 6 1.71 (6H, m), 2.03 (9H, s), 3.07 (3H, s), 4.73 (2H, s), 6.98-(2H, m) and 7.21 (1H,
dd, J = 4.4, 1.7 Hz); LC/IMS (APCljn/z 290 (M+H); HRMS (ESI) calcd. for GH2NOS
(M+H)" 290.1579, found 290.1575;HPIt£3.89 min (97%).
2-Adamantan-1-yl-N-methyl-N-thiophen-2-ylmethyl-acetamide (8). The compound was
prepared using general method B to give a in 68% yield. mpl@97C;'H NMR (CDCk) &
1.62-1.77 (12H, m), 2.00 (3H, broad), 2.19 (2H, s), 3.00 (3H,.5%, @H, s), 6.95 (2H, m) and
7.23 (1H, dd,J = 5.0, 1.3 Hz); LC/MS (APClI/z 304 (M+H); HRMS (ESI) calcd. for
Ci1gH26NOS (M+H)' 304.1735, found 304.1726; HPIt£4.04 min (>99 %).

N-M ethyl-N-(thiophen-3-yImethyl)adamantane-1-carboxamide (9). The compound was
prepared using general method A to give a colourless oil iny8élth *H NMR (CDCk) 5 1.70
(6H, s), 2.03 (9H, s), 3.00 (3H, s), 4.63 (2H, s), 6.95 (H,] = 4.9, 1.2 Hz), 7.05 (1H, dd,=
3.0, 1.2 Hz) and 7.27 (1H, dd,= 4.9, 3.0 Hz)LC/MS (APCl)m/z 290 (M+HJ; HRMS (ESI)
calcd. for G7H23NOS (M+H)™ 290.1579, found 290.1566; HPIt£6.87 min (>99 %).
2-(Adamantan-1-yl)-N-methyl-N-(thiophen-3-yImethyl)acetamide (10). The compound was

prepared using general method B to give a white solid in 499d. yieh 69-71 °CH NMR
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(CDCls,) signals from rotamers in 2:1 ratbdl.55-1.75 (12H, m), 1.95 (3H, broad), 2.16 (2H, s),
2.95 (3H, s), 4.57 (2H, s), 7.02 (1H, m), 7.11 (1H, m) a@6 {1H, m);5 1.55-1.75 (12H, m),
1.95 (3H, broad), 2.19 (2H, s), 2.92 (3H, s), 4.54 (2H, 8} 61H, m), 7.02 (1H, m) and 7.33
(1H, m); LC/MS (APCIm/z 304 (M+HJ; HRMS (ESI) calcd. for GH26NOS (M+H)" 304.1735,
found 304.1718; HPL@ 2.90 min (>99 %).

5-(Adamantan-1-ylcar bonyl)-4H,5H,6H,7H-thieno[ 3,2-c]pyridine (11). The compound was
prepared using general method A to give a white solid in 33%d. yigp 141-143 °C*H NMR
(CDCly) d 1.72 (6H, s), 2.02 (9H, s), 2.88 (2HJt= 4.6 Hz), 3.94 (2H, t] = 4.5 Hz), 4.69 (2H,
s), 6.79 (1H, dJ = 5.2 Hz) and 7.11 (1H, d,= 5.2 Hz);LC/MS (APCl)m/z 302 (M+HJ; HRMS
(ESI) calcd. for GgH2sNOS (M+H)" 302.1579, found 302.1573; HPIt£3.24 min (>99 %).
N-(Fur an-2-ylmethyl)-N-methyladamantane-1-carboxamide (12). The compound was
prepared using general method A to give a white solid in 95%. yie 53.5-54.5 °C*H NMR
(CDCl;) 8 1.70 (6H, s), 2.02 (9H, s), 3.06 (3H, s), 4.59 (2H, s), 6.19 @) = 3.2, 0.7 Hz),
6.31 (1H, ddJ = 3.2, 1.7 Hz) and 7.33 (1H, dil= 1.7, 0.7 Hz)LC/MS (APCI)m/z 274 (M+H]J;
HRMS (ESI) calcd. for GH24NO, (M+H)* 274.1807, found 274.1794; HPIt&£6.14 min (>99
%).

N-[(1-M ethyl-1H-pyrr ol-2-yl)methylJadamantane-1-car boxamide (13). The compound was
prepared using general method A to give a white solid in 76k yie xxx;*H NMR (CDCk) &
1.58-1.75 (6H, m), 1.83 (6H, d,= 2.8 Hz), 2.02 (3H, broad), 3.53 (3H, s), 4.42 (2H] d,5.2
Hz), 5.60 (1H, broad), 6.05 (2H, 3= 2.2 Hz) and 6.65 (1H, §,= 2.2 Hz); LC/MS (APCIn/z
271 (M-H)'; HRMS (ESI) calcd. for GH»4NoNaO (M+Na) 295.1786, found 295.1768; HPILC
2.67 min (>99%).

N-M ethyl-N-[(1-methyl-1H-pyrrol-2-yl)methyl]adamantane-1-car boxamide (14 XDS04112,
STX2133). The compound was prepared using general method A to give asefidein 87%

yield. mp 104-105.5 °C*H NMR (CDCk) & 1.76 (6H, s), 2.02 (9H, s), 3.02 (3H, s), 3.50 (3H, ),
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4.61 (2H, s), 6.03 (2H, d] = 2.3 Hz) and 6.58 (1H, § = 2.2 Hz);LC/MS (APCIl)m/z 287
(M+H)"; HRMS (ESI) calcd. for GH,7N,O (M+H)" 287.2123, found 287.2108; HPIt£ 6.58

min (>99 %).

2.2. 11p-HSD1 Scintillation Proximity Assay (SPA) Protocol: Human Cell Based Assay
Untransfected HEK-293 cells lack endogenouf-HED1 activity and this cell line has been
shown to be a suitable system for evaluating-RiED1 activity after being transfected with the
plasmid for expression of BIHSD1 or 1B-HSD2 (Schweizer et al., 2003). The high-
throughput cell-based assays were conducted on the hura#SIl1 transfected HEK-293 cell
line with an SPA (Vicker et al., 2006). The activity of33dSD1 is measured in whole HEK-293
cells stably transfected with the HSD11B1 gene using modifezdture protocols (Schweizer et
al., 2003). Cells are incubated in 96-well microplates i pihesence of tritiated substrate.
Enzyme activity is determined by measuring the amount atediproduct by SPA. Assay plates
contain internal high and low controls to allow calculation atestage inhibition. Each well of
a 96-well culture plate is seeded with HEK293/HSD11B1 ¢rll$00 pL medium. When the
cells are 80% confluent the medium is removed from each Wadn 100 pL fresh, serum-free
medium containing®H-cortisone and test compound in 1% DMSO is added to each well,
including control wells. High control wells do not contain compountiledow controls do not
contain cells. The plate is incubated at 37 °C for the redjtime period, after which, 50 uL of
media is removed from each well and transferred to a mid¢eoptantaining 100 pL of a pre-
incubated mixture of anti-cortisol antibody and SPA bead (Figl®. mixture is incubated with
gentle shaking until equilibrium is reached, before transigrto a scintillation counter to

establish the enzyme activity in each sample.

(Insert Figure 3)
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3. Molecular Modéelling

The crystal structure of one subunit of humaf-HED1 (1XU9) from the Protein Data Bank was
used in docking studies with the cofactor NADResent (Hosfield et al., 2005; Berman et al.,
2000). The docking studies of compoudievere performed with GOLD, version 3.1.1. Fifteen
docks were performed and the GOLDscore fithess function was tosednk the docked
conformations. The top three highest ranked docks were virtisilhtical with the top scored
dock. A similar study was also performed with the substiite;docked conformations are
depicted in figure 4 below. The key residues involved inlgsitga Serl70 and Tyrl83 in the
active site, together with the cofactor are shown. it loa seen that the substrate and inhibitor
dock in similar positions with the 11-keto carbonyl of cortis@me the carbonyl of the
carboxamide in close proximity to the hydroxyl of Tyr183 andph®e(S) hydrogen of the co-
factor which is transferred during the substrate reductior. distance between the oxygen of
Tyrl83 and the 11-keto carbonyl of cortisone and the carboxamidengh are ~ 2.8k and 2.3

A respectively. The adamantyl moiety is buried deep in the birmlicget forming favourable
hydrophobic interactions with the side chains of Thrl24, Ala223 &1, whereas the
thiophenyl ring stays close to the opening of the pocket, and irgendttt the side chain of
Leul26, Tyrl77 and Val180. Clearly the inhibitor fits very wetbithe substrate pocket of the

active site.
(Insert Figure 4a and 4b)
4. Results and Discussion
Our previous studies indicated that some aryl sulphonammke aryl carboxamide

derivatives possess moderate inhibitory activity on purifiedamufi3-HSD1. Compound$ and

2 (Fig. 2) exhibited inhibition of human hepatic microsomgh-HISD1 with IGo values in the
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low micromolar range (Su et al., 2006; Vicker et al 2007). Howehese compounds showed
only < 50% inhibition at 1QuM concentration when tested in HEK-293 cells transfectet! wit
human 18-HSD1. The highly hydrophobic adamantyl carboxamide moiety wastasegplace
the aryl carboxamide or sulphonamide group in these molecules whi¢h & slightly increased
activity. Compound exhibited inhibitory activity on the HEK-293 cell line with By value of
5280 nM, which provided a springboard for further optimisation. Theacepient of the
substituted benzothiazole ring $with a 2-thiophenyl group attached to a flexible two-carbon
tether gavel with an IGg value of 679 nM, an 8-fold increase of activity. Further rincattion of

4 with the linker reduced by one methylene unitNemethylation generated compoubdor 6
with 1.5-fold improvement of activity. The combination of thewodifications gavg with an
ICsp 0f 229 nM, a further 3-fold increase of potency odeintroducing a methylene unit between
the adamantyl moiety and the carbonyl group dgawéth no improvement in activity ovét. The
cyclised compoundl with limited flexibility in the linker lost activity by 2-foldn comparison
with 7. On the other hand, replacing the 2-thiophenyl grou@ iwith a 3-thiophenyl group
resulted in compoun@ with an 1Gy of 125 nM, an increase of activity by 2-fold; whereas its
analoguelO with an extra methylene unit between the adamantyl and carlgpayp only
showed an Igy of 350 nM. The substitution of the 2-thiophenyl grouf iwith a furanyl group
retained the activity at the same level; whereas thetitutlum with N-methylpyrrole gave the
most potent compoun¥ in the series with an Kgof 113 nM. The effect oN-methylation of
the carboxamide group is significant when compatihgvith 13, improving the potency by 15-
fold. The most potent inhibitdr4 is ~50 fold more active than the initial lead compo@ndhese
novel inhibitors are also selective overpddSD2. Compound$ and 7 exhibited moderate
metabolic stability on human liver microsomes. Furthermory tho not inhibit the key CYP’s

1A2, 3A4BQ, 2D6, 2C9, 2C19 and havesdGvalues of ~ 10 uM for the inhibition of CYP
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3A4BFC. Compounds was also tested on apical to basolateral transport across2QacC?7)

monolayers; the result showed a high Papp rank indicating good felitpyea

(Insert Table 1)

5. Conclusions

Here we report the discovery of adamantyl carboxanedatives as novel potent selective
inhibitors of human 13-HSD1. The target compounds were synthesised through an amide
formation reaction and their ability to inhibit humarfaddSD1 was evaluated on a HEK-293 cell
line stably transfected with the HSD11B1 gene. The SAR esuiidicate that an adamantyl
carboxamide linking to an aromatic system, such as thiophaae, or N-methyl pyrrole through
a methylene unit can lead to potent novel selective inhibitotd3-HSD1. N-Methylation of the
carboxamide group significantly improves inhibitory activRatent compoundd and14 inhibit
human 1B-HSD1 with the 1Gy values in 100 nM range, a 50-fold increase over the inééad
compound. Docking studies with compou8dnto the crystal structure of humanpiHSD1
reveal how the molecule may interact with the enzymecaifatctor. Compoundg and14 show
properties as candidates worthy of further preclinical invatitig. In addition to being selective
over human 13-HSD2, compounds/ and 14 are inactive on human f-hydroxysteroid
dehydrogenase type 1. Furthermore, they are also potent arerid3-HSD1 and are currently

underin vivo evaluation in a C57BL/C mouse model.
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Figure 1. Interconversion of cortisone - cortisol
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Figure 2. Structures of inhibitors of human i-HSD1
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Figure3. 118-HSD1 Scintillation Proximity Assay (SPA) assay principle
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Figure 4a. Compound3 in magenta docked into 1XU9 in the presence of NAOW®e protein
surface is colour mapped to show a gradient from amino addtlessthat are electron donors in

brown, through to hydrophobic areas in green and electron accepbug.in
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Figure 4b. Cortisone in magenta docked into 1XU9 in the presence of NADRe protein
surface is colour mapped to show a gradient from amino addliessthat are electron donors in

brown, through to hydrophobic areas in green and electron accepbug.in
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n X=ClorQCH
X aork N
W - "R R’ See Tahle 1
o} a R?= H or CH,
n =Q0or1
Scheme 1: Synthesis of 1-adamantyl carboxamide or acetamidealzes
Reagents and Conditions: a) X=Cl, RR*NH, Et;N/DCM:;

b) X=OH, RR’NH, EDCI, DMAP, E§N/DCM
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Table 1. Inhibition of Human 11p-HSD1 in HEK-293 Célls

%

Cpd R R? n ICso (NM)
C
3 * N H 0 5280
-

S
S

4 . @ H 0 679
S

5 % \ H 0 403
S

6 * \ / CH, 0 448
S

7 4 \ CH; 0 229
S

8 /\@ CH;, 1 308

9 */\Qs CHs 0 125

10 *AQS CHs 1 350

S

1 ' | 0 435
0

12 /\@ CHs 0 249

13 'L H 0 1700
|

14 N CH, 0 113
/\@

* indicating the point of attachment.
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