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ABSTRACT: Susceptibility to metabolism is a common issue with the tert-butyl group on
compounds of medicinal interest. We demonstrate an approach of removing all the fully sp3

C−Hs from a tert-butyl group: replacing some C−Hs with C−Fs and increasing the s-character
of the remaining C−Hs. This approach gave a trifluoromethylcyclopropyl group, which
increased metabolic stability. Trifluoromethylcyclopropyl-containing analogues had consistently
higher metabolic stability in vitro and in vivo compared to their tert-butyl-containing counterparts.
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Compounds with high metabolic lability or hepatic clear-
ance often have low oral bioavailability and short half-

lives. Consequently, optimization of the metabolic stability of
lead molecules is of critical importance in the drug discovery
process.1 In vitro studies such as metabolic stability assays in
liver microsomes,2 biotransformation studies to pinpoint
vulnerable spots in the molecule, and in vivo pharmacokinetic
studies in preclinical species are some of the tools employed by
project teams to arrive at potent compounds with favorable
clearance values. Cytochrome P450s (CYPs) are the principal
enzymes considered responsible for hepatic metabolism.3,4

Susceptibility to metabolism is a common issue with the tert-
butyl group on compounds of medicinal interest. During the
course of a lead optimization effort, we encountered a pocket in
a receptor with a strong preference for a tert-butyl group. How-
ever, compounds bearing this tert-butyl group had high clear-
ance in rats and microsomal incubations. The general principals
and specific functional group used during the course of over-
coming this challenge may be employed in other chemical
series and are detailed herein.
We hypothesized that the rapid abstraction of H from the sp3

hybridized methyl carbons of the tert-butyl resulted in rapid
oxidative metabolism. Compound 1 served as the prototype
tert-butyl-containing compound. An in vitro biotransformation
study in rat and human liver microsomes (RLM, HLM) showed
that the major route of metabolism of 1 is oxidation of the tert-
butyl to the corresponding alcohol product 2, confirming the
initial hypothesis. Further in vitro studies in human liver micro-
somes suggested that oxidative metabolism could be attributed
to multiple Cytochrome P450 isoform involvement, including
CYPs 3A4/5, 2D6, 2C9, and 1A2 (data not shown).
Polar substitution has often been used to increase metabolic

stability. As expected, analogues bearing a hydroxyl, 2, cyano, 3,
or acid, 4, had increased microsomal stability. However, an oxetane,

another group that has recently been reported to improve
metabolic stability,5−8 offered no improvement (5 vs 1).
Clearly, in some instances, the introduction of a polar group

is not tolerated by the receptor. For such a case, another
solution was needed. We hypothesized that removing all
fully sp3 C−Hs from the tert-butyl would lower the rate of
H-abstraction by metabolizing enzymes. On the basis of this
principle, we designed a replacement for tert-butyl that has a
similar shape and size and retains hydrophobicity but lacks fully
sp3 C−Hs. One of the methyl groups was replaced by CF3. The
other two methyl groups were joined to form a cyclopropyl
ring, whose C−Hs have a higher homolytic bond dissociation
energy owing to the higher s-character of the C−H bonding
orbitals than a typical aliphatic C−H. As shown by comparing
compounds 1, 6, and 7, the CF3 group alone was not adequate
nor was just installing the cyclopropyl group (1 vs 8). However,
when both features were combined in the trifluoromethyl-
cyclopropyl9−11 group or Cp-CF3, the resulting compound 9
had high metabolic stability. The LogP of compounds 1 and 9
are 4.2 and 4, respectively. Compound 10 bears the Cp-CF3
and also incorporates a pyridyl-N, which can be useful as a
solubilizing functionality.
We sought to probe the consistency of increase in metabolic

stability of the Cp-CF3 group compared to tert-butyl. To do so,
we tested the metabolic stability of six additional matched pairs
of biaryls and amides, where the portion of the compound
distal to the tert-butyl or Cp-CF3 contained functionality that
was generally relatively metabolically stable. The results are
summarized in Table 2 and demonstrate consistent increases in
metabolic stability by replacing tert-butyl with Cp-CF3.

Received: February 1, 2013
Accepted: April 22, 2013
Published: April 22, 2013

Letter

pubs.acs.org/acsmedchemlett

© 2013 American Chemical Society 514 dx.doi.org/10.1021/ml400045j | ACS Med. Chem. Lett. 2013, 4, 514−516

pubs.acs.org/acsmedchemlett


Compounds 1, 5, 6, 9, 11, 12, 19, and 20 were checked for
CYP 3A4/5 inhibition with and without a 30 min incubation
with NADPH prior to substrate addition as a screen for potential
time-dependent inhibition, in order to mitigate against a chance
for artifacts in metabolic stability differences due to CYP
inhibition. All compounds tested had negligible reversible CYP
inhibition (IC50 >50 μM) with no evidence of time-dependent
inhibition.
We measured clearance in rats for representative compounds

in order to determine if the in vitro clearance comparisons were

consistent with in vivo results. The results are summarized in
Table 3. Despite the addition of a polar atom, oxetane-containing

5 had similar in vivo clearance to tert-butyl-containing 1,
consistent with the lack of in vitro improvement. Cp-CF3-
containing 9 and 12 had substantially lower in vivo clearance
than their tert-butyl-containing counterparts 1 and 11, respec-
tively.
Finasteride (23) is known to be metabolized in humans

predominantly on the tert-butyl (ω) but also at the 6-position
(Figure 1).12,13 Replacing the tert-butyl with Cp-CF3 increased

the t1/2 in HLM from 63 min (23) to 114 min (24). This
moderate increase is consistent with a caveat of the approach:
replacing tert-butyl with Cp-CF3 is not expected to substantially
reduce metabolism at distal soft-spots.14 In this case, at least the
6-position can still be metabolically labile.12,13

In conclusion, we have demonstrated an approach of
removing all the fully sp3 C−Hs from a tert-butyl group:
replacing some H with F and increasing the s-character of the
remaining C−Hs. This approach gave a trifluoromethylcyclo-
propyl group that consistently increased metabolic stability in
vitro and in vivo compared to tert-butyl.

■ EXPERIMENTAL PROCEDURES
The compounds 1−22 were prepared according to Scheme 1.

Table 3. In Vitro and in Vivo Clearance Comparisons

compd
RLM Cl (h)
(mL/min/kg)

rat Cl
(mL/min/kg)

rat t1/2
(h)

rat Vss
(L/kg)

5 30 28 0.4 1.3
1 (t-Bu) 33 20 2.3 2.5
9 (Cp-CF3) <5 4.6 9.1 3.4
11 (t-Bu) 36 352 0.2 5.4
12 (Cp-CF3) 10 25 3.4 6.2

Figure 1. Finasteride and the Cp-CF3 analogue thereof.

Table 1. In Vitro Clearance of a Series of tert-Butyl
Replacements

Table 2. In Vitro Clearance of Matched Pairs of Compounds
Containing Either tert-Butyl or Trifluoromethylcyclopropyl
(Cp-CF3)

Scheme 1. General Synthesis of Compounds in Table 1 and 2a

aReagents and conditions: (a) n-BuLi, THF, −78 to 0 °C, CO2; (b)
(COCl)2, CH2Cl2; (c) iPr2NEt, CH3CN; (d) n-BuLi, THF, −78 to
0 °C, B(OMe)3; (e) SPhos, Pd(OAc)2, K3PO4, THF.
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Arylboronic acids and pinacol esters used to make 1, 3, 4, 6, 19, and
21 are commercially available. Arylboronic acids to make 515 and 816

are derived from the corresponding arylbromides, which are prepared
according to the corresponding references. Compound 4 was con-
verted to the acid chloride with (COCl)2, then reduced to 2 with NaBH4.
Intermediates to make compounds containing Cp-CF3 groups were

prepared according to Scheme 2.
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Scheme 2. Synthesis of Cp-CF3-Containing Aryl Bromidesa

aReagents and conditions: (a) X = CH, MsCl, 18-crown-6, KF, DMF,
100 °C;17 X = N: Tebbe reagent;18 (b) CH2N2;

19 (c) Xylenes reflux19.
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