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Abstract—3-Aryl-5-phenyl-(1,2,4)-triazoles were identified as selective inhibitors of 11b-hydroxysteroid dehydrogenase type 1 (11b-
HSD1). They are active in both in vitro and an in vivo mouse pharmacodynamic (PD) model. The synthesis and structure activity
relationships are presented.
� 2008 Elsevier Ltd. All rights reserved.
Scheme 1. Interconversion of cortisone and cortisol.
11b-Hydroxysteroid dehydrogenase type 1 (11b-HSD1)
resides in the endoplasmic reticulum and catalyzes the
conversion of cortisone to the metabolically active glu-
cocorticoid cortisol1 (Scheme 1).

Elevated levels of cortisol can cause visceral adiposity,
diabetes, dyslipidemia and hypertension collectively
known as Metabolic Syndrome which can greatly in-
crease the incidence of cardiovascular disease.2 The
structurally related enzyme 11b-hydroxysteroid dehy-
drogenase type 2 (11b-HSD2) protects the mineralocor-
ticoid receptor from activation by cortisol by catalyzing
the reverse reaction of cortisol to cortisone.3 It has been
shown that 11b-HSD1 knockout mice resist metabolic
syndrome, while overexpression of 11b-HSD1 in mouse
adipose tissue leads to a metabolic syndrome-like phe-
notype.4 Since inhibition of 11b-HSD2 is known to re-
sult in hypokalemia, sodium retention and
hypertension5 the discovery of a selective 11b-HSD1
inhibitor could lead to an effective treatment for meta-
bolic syndrome.6
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Published work from our laboratories identified ada-
mantyl triazole 1 (Fig. 1) as a potent and selective inhib-
itor of both mouse and human 11b-HSD1 enzymes7;
pharmacodynamic (PD) assays indicated good in vivo
activity as well.8
Further investigation in our laboratory led us to explore
the SAR of relatively simple, substituted bis-phenyl tri-
azoles. Schemes 2–4 below show the three different meth-
ods that were used to prepare these triazoles.
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Figure 1. Adamantyl-phenyl triazole.
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Data for selected compounds are shown in Table 1.
These compounds were tested against both human and
mouse 11b-HSD1 and 11b-HSD2 and the table includes
data from PD assays as well. IC50 values for the mouse
and human 11b-HSD2 counterscreen were >4000 nM
for all compounds.

SAR data from compounds 1–11 show that ortho-Cl,
-Br and -CF3 in both rings is needed for good activity.
Comparison of compounds 3 and 12 reveals that
ortho-F appears to lower the potency. This is seen again
with compounds 13–15. Halogen substitution in the
meta or para position (compounds 19–21) also lowers
Scheme 2. Method A for the preparation of bis-phenyl triazoles.

Scheme 3. Method B for the preparation of bis-phenyl triazoles.

Scheme 4. Method C for the preparation of bis-phenyl triazoles.
activity. The poor potency of compounds lacking any
substituents in ring 2 (16–18) suggests that perhaps
ortho-substitution forces the phenyl out of the plane of
the triazole and helps it to more efficiently fill a hydro-
phobic pocket in the enzyme active site.

We next explored the effect of including non-halogens in
ring 2 of the bis-aryl triazoles. Data for these com-
pounds are shown in Table 2.

SAR data from compounds 22–25 indicate that good
potency is maintained when the ring 2 phenyl is substi-
tuted at the para position with a 4 or 5 carbon chain,
with or without a sulfonyl group, and the ortho position
is occupied by a methyl or chloro group. Compound 26
shows that potency in the PD assay begins to drop when
the 5-carbon chain is combined with a lack of substitu-
tion at the ortho position. A further dropoff in activity is
observed (28 and 29), when there is no substitution on
ring 1. Finally, 30–32 show that the strongly electron-
withdrawing nitro and methylsulfonyl groups in the
ortho or para position substantially lower activity in
the mouse.



Table 1. SAR of halogen and CF3-substituted bis-phenyl triazoles

Compound R1 R2 IC50 (nM) PD (% inhibition)

hHSD1 mHSD1 4 h 16 h

1 o-CF3 o-OCF3 1.3 4.5 79 2

2 o-CF3 o-Cl 3.1 8.6 70 4

3 o-CF3 o-Cl, p-F 2.6 42 70 5

4 o-Cl o-Br 2 12 67 �1

5 o-Cl o-Cl 2.9 22 67 �6

6 2,4-di-Cl 2,4-di-Cl 21 89 65 0

7 o-CF3 o-Br 1 8 56 0

8 o-CF3 o-CF3 .98 7.1 46 3

9 o-CF3 2,4-di-Cl 1.3 11 43 0

10 o-Cl o-Cl,p-F 5.8 71 34 2

11 o-CF3 2,3-di-CF3 3.6 22 27 0

12 o-CF3 o-F,p-Cl 15 100 — —

13 2,4-di-Cl o-F 20 180 — —

14 o-CF3 2,3-di-F 32 260 — —

15 o-Cl 2-F, 4-CF3 88 140 — —

16 o-CF3 H 27 120 11 4

17 o-Cl H 43 190 �3 —

18 2,4-di-Cl H 90 850 — —

19 o-CF3 3,5-di-Cl 89 1300 — —

20 o-Cl 3,4-di-Cl 200 410 — —

21 2,4-di-Cl p-Cl 630 1500 — —

Table 2. SAR of non-halogen (ring 2) with halogen and CF3-substituted (ring 1) bis-phenyl triazoles

Compound R1 R2 IC50 (nM) PD (% inhibition)

hHSD1 mHSD1 4 h 16 h

22 o-CF3 28 6.4 86 15

23 o-CF3 34 11 76 3

24 o-CF3 28 8.4 73 11

25 o-CF3 2-Me; 4-n-C 4H9 <1 <1 76 �5

26 o-CF3 4-n-C 5H11 5.2 2.9 53 5

27 o-Cl 4-n-C 5H11 7.7 10 38 3

28 H 4-n-C 4H9 260 68 25 —

29 H 4-n-C 5H11 250 54 9 —

30 2,4-di-Cl o-NO2 13 140 — —

31 o-Cl o-SO2Me 38 1500 — —

32 o-Cl p-SO2Me 50 3000 — —
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Scheme 5. Method D for the preparation of indole-phenyl triazoles.

Scheme 6. Method E for the preparation of indole-phenyl triazoles.

Table 3. SAR of indole-phenyl triazoles

Compound R1 R2 IC50 (nM) PD (% inhibition)

hHSD1 mHSD1 4 h 16 h

33 p-OH 3.9 6.6 75 �8

34 o-Cl .98 1.2 66 4

35 o-CF3 .98 1.3 52 8

36 H 12 91 9 0

37 H 963 346 — —
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Table 4. SAR of naphthyl-phenyl triazoles

Compound R1 R2 IC50 (nM) PD (% inhibition)

hHSD1 mHSD1 4 h 16 h

38 o-CF3 <1 <1 70 74

39 o-CF3 <1 <1 77 31

40 o-CF3 4.3 2.8 37 0

41 o-CF3 26 15 35 5

42 o-CF3 1.4 2.3 24 5

43 o-CF3 9 10 15 �4

44 o-CF3 2.7 20 14 3

45 o-CF3 89 19 14 0

46 o-CF3 2.9 9.8 13 4

47 o-CF3 2.3 2.3 10 �5

48 o-SO2Me 1.9 1.9 7 0

49 o-CF3 4.6 46 0 —
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We also investigated the effect of substituting indole for
phenyl on the western side of the triazole. These com-
pounds were prepared by Method D (Scheme 5) or
Method E, (Scheme 6). Data for compounds in this ser-
ies are presented in Table 3.

The N-methyl indole series (33–35 compared with 36–
37) reiterates what was observed with the bis-phenyl
compounds in that substitution on the phenyl ring is
needed for potency. The indoles differ in that a para sub-
stituent (p-OH in 33) rather than just the ortho, confers
very good activity, a phenomenon which was observed
with an earlier set of analogs we examined. In addition,
the potency is substantially lowered if connection to the
triazole is on C5 of the indole (37).

The final area that we explored was replacing the indole
group with a naphthylene. These triazoles were prepared
using Methods A, B and C (Schemes 2–4). Table 4 dis-
plays the observed SAR for these compounds.

The potency of compound 38, the 7-chloro-1-methoxy
naphthyl triazole surpasses all the others in the bis-aryl
series with its good PD activity extending out to 16 h but
seems to have rather specific requirements for maintain-
ing this activity. The 16 h potency is reduced somewhat
(39) when the chloro substituent is absent. A much lar-
ger drop in mouse PD activity is seen with the chloro at
the 4-position (47), when o-SO2Me replaces the o-CF3

on the phenyl ring (48) or when the methoxy is replaced
by a hydroxyl group (45); human potency is also lower
with (45). PD potency is generally lower when just a sin-
gle substituent (1-fluoro, 1-N-methylamino, 7-methyl or
3-chloro) is present on the naphthyl ring. Finally, mouse
activity drops significantly and is reflected in poor PD as
well if the connection to the triazole is on C1 of the
naphthyl (49).

In summary, we have identified several new classes of
potent and selective mouse and human 11b-HSD1
inhibitors. Potency of relatively simple bis-phenyl tria-
zoles has been enhanced by the inclusion of various o-
halogens and the o-CF3 group. Potency can be main-
tained by incorporating a 4- or 5-carbon chain in the
4-position. Good activity is observed with an N-methyl
indole replacing one of phenyls and para substitution
on the 2nd phenyl ring is well tolerated. Finally, ex-
tended PD potency out to 16 h is seen with a 7-chloro-
1-methoxy naphthyl group replacing one of the phenyls.
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