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Abstract—Ethambutol is one of the front-line agents recommended by the World Health Organization for the treatment of tuber-
culosis. In an effort to develop more potent therapies to treat tuberculosis, novel unsymmetrical ethambutol analogues were success-
fully synthesized by a new route utilizing novel building blocks synthesized using Ellman’s sulfinyl chemistry. The resulting
analogues were tested for anti-tuberculosis activity yielding compounds with comparable anti-tuberculosis activity to ethambutol
and increased lipophilicity that may instill better tissue penetration and serum half-life.

© 2008 Elsevier Ltd. All rights reserved.

Isoniazid, rifampin, pyrazinamide, and ethambutol are
the front-line agents that are recommended by World
Health Organization (WHO) for the treatment of tuber-
culosis (TB).! The problems with the current TB treat-
ment regimens are complex and include: a prolonged
standard course regimen of 6 months, which often re-
sults in patient non-compliance; the emergence of exten-
sively drug-resistant tuberculosis strains> (XDRTB);
and the lack of effective drugs against the latent state.
One approach to decrease the treatment time is to im-
prove the potency of currently used anti-tuberculosis
drugs. Wilkinson and coworkers from Lederle laborato-
ries first reported the synthesis and activity of ethambu-
tol (EMB) (1) (Fig. 1) in 1961.>* EMB is primarily a
bacteriostatic anti-tuberculosis agent. EMB targets the
arabinosyl transferases responsible for arabinogalactan
biosynthesis, a key component of the unique mycobacte-
rial cell wall.>”7 Despite modest anti-tuberculosis activ-
ity, EMB is used in combination with other front-line
anti-tuberculosis agents mainly owing to its synergy
with the other drugs and low toxicity. EMB is a simple
diamine molecule that was synthesized by reacting 1,2-
dihaloethane with chirally pure (S)-2- amino 1-buta-
nol.>* Based on the early SAR study it appears that
the distance between the two nitrogens, the presence of
two hydroxyl groups, and small side chains are the key
pharmacophoric elements.® The chirality of the molecule
is also very crucial in determining the activity, as EMB,
the (S,S) isomer is approximately 500 times more potent
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Figure 1. Structures of ethambutol and its analogues.

than the (R,R) isomer.® Recently, novel EMB analogues
2, 3, and 4 were found to be active against Mycobacte-
rium smegmatis but the corresponding anti-tuberculosis
activity was not reported for these compounds.®’ Lee
et al. recently synthesized a large library of asymmetrical
1, 2 diamines using combinatorial chemistry to explore
the SAR around the diamine pharmacophore. In this
process SQ 109 (5) was identified as the most active com-
pound possessing 35-fold improved activity when com-
pared to EMB.!® SQ109 has recently advanced into
clinical trials for the treatment of tuberculosis, though
it appears that SQ109 does not have the same target
as EMB as originally intended.!

In this study we further expand the SAR of unsymmet-
rical EMB derivatives by taking advantage of new chem-
istries and building blocks that were not previously
available to synthesize asymmetric and constrained
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analogues. Accordingly, novel EMB analogues were
synthesized and tested with an aim not only to improve
the anti-tuberculosis activity but also with a view toward
improving the pharmacokinetic profile of the emerging
compounds. Initially, EMB hydrobromide salt 6, and
its symmetrical analogues 7,'>'3 and 8'4 were synthe-
sized by reacting amino alcohols with 1, 2-dihaloe-

thanes.> These compounds were synthesized as
standards and the activities of these compounds were
compared with the novel unsymmetrical derivatives de-
scribed below.

To evaluate the structural importance of the side chains
and to explore non-commercially available amino alco-
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Scheme 2. Reagents and conditions: (a) Allyl magnesium bromide, toluene, —78 °C, 3 h, 67%; (b) 4 M hydrogen chloride dioxan solution, rt, 1 h,
91%; (c) 10, DIPEA, DMF, 70 °C, 14 h, 87%; (d) i—LiAlH,, THF, reflux, 16 h; ii—1.25 M hydrogen chloride-methanol solution, rt, 1 h, 15%.
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hydrogen chloride-methanol solution, 19% yield from 21a to 23a.
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hol building blocks, seven unsymmetrical EMB ana-
logues 12a-d, 17, 22b, and 23a were synthesized. Synthe-
sis of 12a-d was achieved by a novel synthetic route as
depicted in Scheme 1. In the first step alcohol 9 was pro-
tected using TBDPSICI in the presence of imidazole in
DCM to afford silyl-protected intermediate in 97%
yield.!> N-acylation of this intermediate was achieved
using chloroacetylchloride in the presence of DIPEA
in DCM to give a-halo amide 10 in 51% yield.!® This
was subsequently reacted with a variety of commercially
available amino alcohols in the presence of DIPEA in
DMF at 70 °C for 14h to afford respective amides
11a-d in 63-90% yields.! TBDPS deprotection and
amide reduction were achieved in a single step using
an excess of LiAlH,4 at reflux temperatures for 16 h to

yield free amino alcohols, which were subsequently con-
verted into hydrochloride salts 12a—d in 11-45% yields.?°

The synthesis of S-amino alcohol 17 was performed as
described by Ellman and co-workers'” as depicted in
Scheme 2. (S)-tert-butanesulfinamide'® was reacted with
(tert-butyldimethylsilyloxy) acetaldehyde in the presence
of CuSO4 in DCM at room temperature for 24 h to yield
aldimine 13.'” Aldimine 13 was reacted with 1.0 M allyl
magnesium bromide diethyl ether solution in THF at
—78 °C for 3 h to give intermediate 14 in 67% yield. N
and O deprotection was achieved using HCl dioxan
solution to afford 2(S)-2-amino-pent-4-en-1-ol hydro-
chloride 15 in 91% yield.!” This was converted into 16
by reacting with intermediate 10 and subsequent reac-

Table 1. Structures of ethambutol analogues and their anti-tuberculosis activity
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tions were performed as described in Scheme 2 to afford
compound 17.

To evaluate the effect of B,B-disubstitution of the amino
alcohol unit for anti-tuberculosis activity, compounds
23a and 22b?° were synthesized by applying Ellman’s
sulfinyl chemistry as depicted in Scheme 3. (R)-tert-
butanesulfinamide'® was reacted with 1-{[tert-butyl(di-
methyl)silyl] oxy}acetone in the presence of Ti(OEt),
in THF at 70 °C to give ketamine 18,'” which was sub-
sequently treated with allyl magnesium bromide and
ethyl magnesium chloride to give intermediate 19a
(46% yield) and 19b (48% yield). N and O deprotection
was achieved using HCI dioxan solution to yield 20a and
20b.!” Final products 23a and 22b were obtained by
reacting amino alcohols 20a and 20b with intermediate
10 and performing subsequent reactions as described
in Scheme 3.

To establish the structure—activity relationship (SAR) of
EMB, compounds in Table 1 were tested for their anti-
tuberculosis MICy, activity against M. tuberculosis
H37Rv.%! Our resynthesized EMB standard (6) had an
MIC of 0.8 ug/mL. Symmetrical compounds with cyclo-
pentyl side chain (7) and dimethyl (8) side chain were
less active than that of the EMB salt (6) which is consis-
tent with previous reports.

Unsymmetrical compounds in which one-half of the
ethyl side chain of EMB was replaced with smaller di-
methyl (12a), cyclopentyl (12b), and hydroxy methyl
(12¢) side chains, resulted in MIC values in between
EMB and the corresponding symmetrical derivatives (8
and 7). Replacement of the ethyl side chain with larger
(S) allyl (17) and (S) phenyl (12d) side chains had a large
detrimental effect on activity. Interestingly, the replace-
ment of hydrogen at the chiral carbon of the amino alco-
hol section of (17) with a methyl group (23a) resulted in
increased anti-tuberculosis activity. However, the analo-
gous substitution to the chiral center of EMB (6) re-
duced anti-tuberculosis activity (22b). The tight SAR
observed for the compounds in this study is consistent
with previous reports for ethambutol analogues in the
literature.®® Therefore, careful attention must be paid
when designing new potential EMB analogues. Cur-
rently we believe that modifications that also seek to im-
prove the pharmacokinetic properties of EMB rather
than simply the improve the anti-tuberculosis activity
may be a more productive approach. The CLog P values
for the compounds in this study were estimated using
ChemDraw Ultra and are reported in Table 1. Most
of the synthesized novel compounds had higher CLog P
values than that of EMB indicating that they may have
better pharmacokinetic profiles leading to an increase in
cerebrospinal fluid (CSF) penetration, serum binding
and serum half-life. EMB analogues with these proper-
ties may be more useful the treatment of CSF infections
than EMB, which has limited application due to moder-
ate penetration into the CSF.

In summary we have developed a new route for the
synthesis of novel EMB analogues. In future, using this
new synthetic route many more side chain modifica-

tions can be explored in detail. Even though none of
the molecules that were synthesized in this study im-
proved upon the activity of EMB, some of these mol-
ecules did have comparable in vitro activity. These
compounds now require further in vivo testing. If these
compounds retain their activity in vivo and have better
pharmacokinetic properties such as better absorption
and half-life than that of EMB then they can be con-
sidered as an alternative for replacement of EMB in
anti-tuberculosis drug therapy.
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Analytical data for a representative compounds Com-
pound 12a: '"H NMR (500 MHz, D,O): 0.87 (3H, t,
J=7.56Hz), 1.22 (6H, s), 1.54-1.72 (2H, m), 3.17 (1H,
sextet), 3.26-3.32 (2H, m), 3.34-3.42 (2H, m), 3.51 (2H, s),
3.66 (1H, dd, J=5.12, 12.93 Hz), 3.78 (1H, dd, J = 3.17,
12.93 Hz); ESI-MS: 205.2 (M+1). [0]57 +5.7 (¢ = 1.25 %,
MeOH). Anal. Caled for C;oH,cCI,N,O,: C, 43.32; H,
9.45; N, 10.1. Found: C, 43.23; H, 9.35; N, 9.52. Com-
pound: 12b: '"H NMR (500 MHz, D,0): 0.87 (3H, t,
J =17.32 Hz), 1.54-1.82 (10H, m), 3.18 (1H, sextet), 3.28—
3.34 (2H, m), 3.36-3.42 (2H, m), 3.55 (2H, s), 3.66 (1H, dd,
J=5.37,13.18 Hz), 3.79 SIH, dd, J = 3.17, 12.93 Hz); ESI-
MS: 231.2 (M+1). [)5 +3.1 (¢=1 %, MeOH). Anal.
Calcd for C,H,3CILN,O,: C, 47.52; H, 9.31; N, 9.24.
Found: C, 47.51; H, 9.23; N, 9.1. Compound: 22b: 'H
NMR (500 MHz, D,0): 0.74 (3H, t, J = 7.56 Hz), 0.79 (3H,
t, J=7.56 Hz), 0.88 (3H, s), 1.36-1.44 (4H, m), 2.48 (1H,

21.

1611

pentet), 2.52-2.68 (4H, m), 3.32-3.38 (2H, m), 3.41 (1H, dd,
J=5.85,11.47 Hz), 3.51 (1H, dd, J = 4.63, 11.47 Hz); ESI-
MS: 219.2 (M+1); [o]52=+10.0 (¢ = 1%, MeOH). Anal.
Calcd for C;;H6N>O,: C, 60.51; H, 12.0; N, 12.83. Found:
C, 60.58; H, 12.1; N, 12.74. Compound: 23a: 'H NMR
(500 MHz, D,0O): 0.87 (3H, t, J=7.56 Hz), 1.21 (3H, 5s),
1.54-1.71 (2H, m), 2.37 (2H, d, J=7.56 Hz), 3.17 (1H,
sextet), 3.3-3.4 (4H, m), 3.5-3.62 (2H, m), 3.66 (1H, dd,
J=5.37,13.18 Hz), 3.78 (1H, dd, J = 3.17, 12.93 Hz), 5.16-
5.24 (2H, m), 5.68-5.78 (1H, m); ESI-MS: 217.2 (M+1).
MIC values were determined against M. tuberculosis
H37Rv by the microbroth dilution method. A broth
culture of M. tuberculosis was grown in Middlebrook 7H9
medium with 10% ADC supplement to an ODggy of 0.4—
0.6. The culture was diluted with 7H9 medium to an
ODggp of 0.01, and 100 pL was added to a microtiter plate
containing twofold serial dilutions of the ethambutol
analogues for a final volume of 200 pL. The plates were
incubated at 37 °C for 7 days. The MICy, was determined
by visual inspection and defined as the concentration that
inhibited 90% of growth.
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