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Protein arginine methyl transferase (PRMT) family members
have been shown to play a role in various cellular processes includ-
ing nuclear hormone receptor (NHR) mediated signaling, protein–
protein interactions, protein trafficking, mRNA splicing and
processing and transcriptional regulation.1 The family, consisting
of at least 9 members (PRMTs 1–9), catalyze the generation of di-
methyl arginine residues on substrate proteins.2 CARM1 (or
PRMT4), has been shown to methylate arginine residues asymmet-
rically in a wide variety of substrate proteins such as histone H3,
p300/CBP, U1C, SAP49, CA150, HuR, HuD and PABP. These events
affect chromatin architecture which impacts transcriptional initia-
tion, alternative splicing, mRNA processing and stabilization.3–5

Taken together, these observations point to a crucial role for
CARM1 in modulating gene expression at multiple critical levels.
Lately, CARM1 has been shown to be up-regulated during the pro-
gression of prostate cancer.6 Over-expression of CARM1 is seen in
both androgen-stimulated and castration resistant prostate cancer
tumors. A convincing argument can therefore be made to support
the hypothesis that targeting CARM1 would be a viable approach
for anti-cancer therapy. Hence, the identification of selective
All rights reserved.
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CARM1 inhibitors as tools to interrogate its function in cells may
be of significant interest.

To date, there have been only a few publications describing
small molecule chemical modulators of the PRMTs.7 Recently, we
reported8 Hits to Lead optimization studies leading to the identifi-
cation of pyrazole analogs (1 Fig. 1) as potent and selective inhib-
itors of CARM1.9

These studies had demonstrated that meta-substituted (S)-ala-
nine benzyl amide is preferred at the South end whereas the SAR
of the East end is more tolerant of substitution. Pyrazole 1 however
showed only modest permeability (PAMPA Pc < 15 nm/s).10 Herein,
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Figure 1.
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Scheme 1. Reagent and conditions: (a) Boc-L-Ala-OSu, CH2Cl2, Et3N, 92%; (b)
hydrazine hydrate, heat, 30 min, 80%; (c) benzoic acid, PyBOP, DIEA, DMF, rt; (d)
DIC, DMF, microwave, 150 �C, 20 min, 60% from 3; (e) TFA-CH2Cl2, 92%; (f) 1 N aq
NaOH–MeOH, rt, 65%; (g) benamidoxime, CDI, DMF, rt, 4 h; (h) CDI, 100 �C, 4 h, 45%
for combined g and h steps.
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Scheme 2. Reagent and conditions: (a) RCO2H, PyBOP, DIEA, DMF, rt or RNCO in
case of 7g; (b) DIC, DMF, microwave, 150 �C, 20 min; (c) TFA-CH2Cl2, 30–50% from 3.

Table 2
SAR for East end
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we report further optimization of the core and East end that led to
the identification of a selective and potent pyrazole inhibitor (7f).

At the outset, we explored amide surrogates at the East end of
the molecule to reduce hydrogen bond donors in order to improve
the permeability. Towards this end, we first examined 1,3,4- and
1,2,4-oxadiazoles as amide surrogates. These surrogates were syn-
thesized as shown in Scheme 1.

From this exercise, the 1,3,4-oxadiazole (4) was found to be pre-
ferred over the 1,2,4-regioisomer (6). This modification not only
improved the in vitro potency versus amide (1), but also improved
the permeability as measured in the PAMPA assay (Pc < 15 nm/s for
1 to 106 nm/s for 4) (Table 1).

Encouraged by these findings, we examined additional substitu-
tions at the 5-position of the 1,3,4-oxadiazole. These analogs were
readily assembled using the protocol as shown in Scheme 2.

Among the various C-5 substitutions (only partial data shown,
Table 2), aryl groups with ortho-substitution were found to be
superior to either meta- or para-substitutions. Inclusion of a nitro-
gen atom in the ring (as in 7b) was not tolerated. Interestingly, an
Table 1
SAR for amide surrogates

Compound11 CARM1 IC50
9 (lM)

1 0.08
4 0.06
6 0.21
additional NH-linker (as in 7g) was tolerated, however, this modi-
fication diminished the permeability (PAMPA Pc < 15 nm/s).

Next, we evaluated five-membered heterocyclic cores while
retaining the relative disposition of the East and South ends with
the same substitutions as in 4. These analogs were prepared from
the corresponding known intermediates (8a–e)12 using the general
approach as disclosed in Scheme 3.

A 3-trifluoromethyl substituted pyrazole was found to be the
preferred core from the various five-membered heterocycles (Table
3). Among the remaining cores, heterocycles with an unhindered
7f 0.04

7g H
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Scheme 3. Reagent and conditions: (a) H2, 10%Pd/C, MeOH, 70–80%; (b) Boc-L-Ala-
OSu, CH2Cl2, Et3N, 85–95%; (c) hydrazine hydrate, heat, 30 min, 70–80%; (d) benzoic
acid, PyBOP, DIEA, DMF, rt; (e) DIC, DMF, microwave, 150 �C, 20 min, 40–60%
combined for d and e; (f) TFA-CH2Cl2, 80–93%.
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hydrogen bond acceptor at the 20 position were preferred (e.g., 10c
vs 10d).

We also studied the effect of substitution of the amide nitrogen,
and removal of the amide bond itself at the South end on CARM1
inhibition. Synthesis of these analogs was achieved as outlined in
Scheme 4.
Table 3
SAR for core
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Scheme 4. Reagent and conditions: (a) 4,4,4-trifluoro-1-(furan-2-yl)butane-1,3-
dione, AcOH, reflux, 84%; (b) RuCl3, NaIO4, CH3CN–CH2Cl2–H2O (2:2:3); (c)
benzohydrazide, PyBOP, DIPEA, CH2Cl2, 59% for combined b and c; (d) DIC, DMF,
150 �C, 60%; (e) tributyl-(vinyl)stannane, Pd(0)(PPh3)4, toluene, 110 �C, 65%; (f)
HCOOH, H2O2, HIO4, 73%; (g) methylamine HCl, Ti(OiPr)4, NaBH4, EtOH, 50%; (h)
Boc-Ala-OH, EDC�HCl, HOBt, DIPEA, DMF, 91%; (i) HCl-dioxane, 49–60%; (j) Boc-
alaninal, NaH B(OAc)3, THF, 60%.

Table 4
In vitro profiling of 7f

Human microsome stability (nM/min/mg prot.) 0.026
PAMPA: Pc (nm/s) 267
hPXR14 (EC50, lM) >25
HHA IC50

15 (lM) All >100
Both of these modifications (compounds 14 and 15) led to a sig-
nificant loss of potency compared to 4, thereby reaffirming the ear-
lier observation of little tolerance for changes at the South end of
the molecule.

In order to assess the selectivity versus closely related PRMTs,
we evaluated the most potent compound (7f) for its ability to
inhibit PRMT1 and PRMT3.13 Compound 7f was found to be signif-
icantly less active against these enzymes (IC50 > 25 lM) suggesting
selectivity in binding and inhibition. Compound 7f showed accept-
able profile in the in vitro panel (Table 4).

In summary, through SAR development and optimization of the
core and East end of 1, we have identified the pyrazole derivative
7f as a potent and selective inhibitor of CARM1. Further work re-
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lated to the utility of this class of inhibitors will be reported in due
course.
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