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The syntheses and structure–activity relationships of the tartrate-based TACE inhibitors are discussed.
The optimization of both the prime and non-prime sites led to compounds with picomolar activity. Sev-
eral analogs demonstrated good rat pharmacokinetics.
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Tumor necrosis factor-a (TNF-a) is a proinflammatory cytokine
that plays a central role in several autoimmune disorders such as
rheumatoid arthritis (RA), Crohn’s disease, and psoriasis.1 The cur-
rent success of anti-TNF-a biologics such as Enbrel�, Remicade�,
and Humira� in the treatment of RA has increased interest in dis-
covering an orally active small molecule inhibitor to modulate the
level of TNF-a.

One target of interest is TACE (TNF-a converting enzyme), the
metalloprotease that releases the soluble 17-kDa form of TNF-a
from membrane-bound pro-TNF-a. A TACE inhibitor would have
the potential to treat RA by reducing the level of soluble TNF-a.2

Our focus was to identify an orally active and highly selective TACE
inhibitor.3

Recently, we disclosed a novel series of tartrate diamide TACE
inhibitors4 such as 1 (Fig. 1). A unique tridentate zinc binding mode
was revealed with the tartrate scaffold. Non-prime site amine
exploration identified 2-arylpyrrolidines as preferred moieties.
Addition of a benzyl group (compound 2) provided a substantial
potency gain compared to 1 by extending into the S30 region. Here-
in, we report our structure–activity relationship (SAR) investiga-
All rights reserved.
tion of the prime and non-prime sites. Our goal was to improve
potency as well as to achieve acceptable bioavailability.

Our initial efforts focused on the design of the optimal group in
the S30 region, a binding site on the protein which has been found
to confer both selectivity and potency in other reported series.5 It
was discovered that switching the 2,4-disubstituted thiophene
ring (compound 2) to a 2,5-analog afforded similar activity (com-
pound 3). We decided to focus on compound 3 to further explore
the S30 region with modifications of the phenyl ring and the results
are depicted in Table 1. Addition of an ortho-chloro substituent
(3a) improved the potency, while either meta- or para-chloro sub-
stituents (3b and 3c) were not beneficial. Changing to an ortho-
methoxy group further improved the potency to 3 nM (3d). Het-
erocycles were also tolerated, since both the thiophene (3e) and
the imidazole (3f) analogs maintained similar activities as com-
pound 3. While the naphthalene compound 3g lost most of the
activity, the fused benzimidazoles (3h and 3i) had similar poten-
cies compared to 3d. The crystal structure of 3i is shown in Figure
2.6 Its binding mode is similar to what was reported4 earlier. As ex-
pected, the methylene linker directs the benzimidazole group to-
ward the S30 region.

Synthesis of benzyl-linked aromatic thiophenes is exemplified
in Scheme 1 for compound 3a. Negishi7 coupling of commercially
available 4 with 2-chlorobenzylzinc chloride, followed by depro-
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Figure 1.

Table 1
TACE Ki of thienyl-benzyl linked tartrate diamide analogs
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OH

O

H
N

O
N

Cl

S
R

Compound R TACE Ki (nM)

3 20

3a
Cl

9.3

3b
Cl

48

3c
Cl

37

3d
O

3

3e
S

11

3f N
N

37

3g 50% at 500 nMa

3h N
N

4

3i N
NF3C

2

a The data are reported as % inhibition.

Figure 2. X-ray structure of compound 3i (stick) bound to TACE catalytic domain
(PDB code: 3LGP). The S10/S30 loop residues were removed in order to show the
inhibitor binding.
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tection gave amine 5, which reacted with acid 68 to afford com-
pound 3a after final acetonide deprotection.

The general synthesis of the amines for the nitrogen-linked
compounds (3f, 3h, and 3i) is described in Scheme 2. Protection
of 2-thiophenemethanamine (7) gave phthalimide 8, which was
converted to thienyl chloride 9 upon treatment with paraformalde-
hyde/HCl followed by zinc chloride.9 Alkylation with 2-methyl-
benzimidazole gave compound 10. Deprotection with hydrazine
hydrate yielded amine 11, from which 3h was prepared following
the procedures shown in Scheme 1.
a, b
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d

Scheme 1. Reagents and conditions: (a) 2-chlorobenzylzinc chloride, (t-Bu3P)2Pd, 95%; (
87%.
Though several S30 motifs with improved potency were identi-
fied (3d, 3h, and 3i), it was decided to re-examine the SAR for
the non-prime amide around compound 3h. Heterocyclic analogs
of 2-phenylpyrrolidines4 were investigated and the results are
shown in Table 2. Of the pyridine compounds (12a–c), the 4-pyri-
dine (12b) was the less favored. While thiophene 12d was equipo-
tent to 3h, thiazole analog (12e) afforded a slightly less active
compound. The introduction of aminothiazole (12f) restored the
potency. Interestingly, isoindoline analogs 12g and 12h provided
compounds with excellent enzymatic activity. Although our efforts
to find an optimal group in the S30 region had greatly improved the
potency (compound 3 vs 12h), most of the compounds from this
series exhibited poor rat pharmacokinetics (PK) profiles.

In order to maintain good potency and gain oral bioavailability,
our efforts were redirected to further explore the SAR of the prime
site amide. A series of analogs was prepared to investigate whether
the thiophene moiety could be replaced with a six-membered ring
(Table 3). Compared to compound 3 (Fig. 1), the phenyl analog 13a
was less potent. To address whether this potency loss was due to a
different projection in the S30 pocket, biphenyl compounds 13b
and 13c were synthesized and had similar activities as compound
3. Next replacement of the benzene ring with a heterocycle was ex-
plored. Pyridine analog 13d showed significantly better biochemi-
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Scheme 2. Reagents and conditions: (a) monomethyl phthalate, EDC, HOBt, Et3N,
DCM, 67%; (b) paraformaldehyde, HCl, 0.5 M ZnCl2/THF, dioxane, 60 �C 78%; (c) 2-
methylbenzimidazole, NaI, Cs2CO3, DMF, 47%; (d) hydrazine hydrate, EtOH, DCM, D,
78%.

Table 2
TACE Ki of thienyl-benzimidazole tartrate diamide analogs

OH
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O
R1

H
N S

N
NR2

Compound R1 R2 TACE Ki (nM)

3h

N

Cl

CH3 4

12aa

N

N
CH3 12

12ba

N

N
CH3 36

12ca N

N
CH3 8

12da

N

S
CH3 4
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N S
CH3 9
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N

N
S

H2N

CH3 2

12g N CH3 0.5

12h N CF3 0.2

a Racemic 2-arylpyrrolidines.

Table 3
TACE Ki of analogs with different prime site rings

OH

OH

O
R2
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Compound R1 R2 TACE Ki (nM)

13a Cla H
N 70

13b H H
N
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13c H H
N CN
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13d Cla H
N N

6

13e Cla
H
N N
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H
N

N
CN

4

13g H H
N

N
CN
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13h H H
N

N
CN

2

13i H H
N

N
CN

315

a Racemic 3-Cl-phenylpyrrolidine.
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cal potency than its regioisomer 13e. Changing the biaryl connec-
tion to an N-arylpiperidine afforded improved Ki (13f vs 13c), while
constraining the piperidine into a bicycle gave a slightly less active
compound 13g. Compound 13h with a (S)-methyl piperidine group
maintained good enzymatic potency whereas the (R)-methyl ana-
log 13i showed significantly reduced potency. Of the inhibitors
examined in Table 3, the biphenyl compound 13b showed moder-
ate rat PK,10 with a 6 h AUC of 1500 nM h after a 10 mpk oral dose
and it was consequently selected for further SAR profiling.

Based on the observed potency gain with the benzimidazole
group in the S30 pocket (compound 3h), it was decided to investi-
gate replacement of the distal phenyl group in 13b with a variety
of heterocycles (Table 4). The pyridine (14a and 14b) or thiophene
(14d and 14e) analogs afforded similar activity. As previously ob-
served, an increase in potency was obtained for compound 14c
(Ki = 5 nM) and 14f (Ki = 2 nM) with an ortho-substitution. The
isoxazole (14g) and thiadiazole (14h) analogs were more active
than the thiazoles (14i and 14j). The benzimidazole 14k and the
imidazole 14l analogs incurred a potency loss, however, switching
to the pyrazole 14m resulted in restoration of the activity to 4 nM.
In summary, the prime site amide modification led to compound
14m, which showed improved enzymatic potency and oral rat
PK10 (AUC = 4400 nM h at 10 mpk).

In an effort to block the potential metabolic oxidation of the
benzylic moiety, a methyl substituent was introduced as shown
in compound 15 (Ki = 0.86 nM). Only the R-orientation of the ben-
zylic methyl group shown in Figure 3 for 15 was tolerated as mod-
eling suggested that this methyl group may make favorable
hydrophobic interactions with the side chain of Val402. Both com-
pound 14m and 15 exhibit good selectivity against a panel of
metalloproteases (Table 5). Compound 15 also showed 20% bio-
availability in rat (Table 6).

The synthesis of the prime site amine of 15 was accomplished
as shown in Scheme 3. Protection of (R)-1-phenylethanamine
(16) as the trifluoroacetamide, followed by iodination11 afforded
the corresponding intermediate 17, which underwent copper cata-
lyzed cross-coupling with pyrazole. Deprotection with lithium
hydroxide gave (R)-1-(4-(1H-pyrazol-1-yl)phenyl)-ethanamine
(19),8 which was then converted to the desired product 15 via
standard transformations.



Table 4
TACE Ki of prime site biaryl tartrate diamide analogs
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Figure 3. Compound 15.

Table 5
Selectivity data for 14m and 15

Ki (lM) 14m 15

TACE 0.004 0.00086
ADAM10 0.602 0.166
MMP1 >100 >100
MMP2 1.9 43.6
MMP3 19 —
MMP7 47 3.8
MMP9 11 88.4
MMP13 3.5 3.3
MMP14 0.12 1.1

Table 6
Rat pharmacokinetic parameters for 15

PK parameters

iv
Dose (mg/kg) 3
Cl (mL/min/kg) 35
AUC (nM h) 3100

po
Dose (mg/kg) 10
t1/2 (h) 0.6
AUC (nM h) 2100
F (%) 20
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Scheme 3. Reagents: (a) TFAA, PhI(O2CCF3)2, I2, DCM, 55%; (b) CuI, Cs2CO3,
1,10-phenanthroline, DMA, 74%; (c) LiOH, MeOH, 84%.
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We explored the SAR of both the prime and non-prime site
amides, which successfully led to potency improvements with
two series of TACE inhibitors. Moreover, compound 15 was shown
to be potent, selective over a panel of MMPs and orally available in
rats. These improvements demonstrate that the tartrate moiety is a
viable zinc-coordinating motif. Additional efforts towards further
improving potency and oral bioavailability of this series will be dis-
cussed in future publications.
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