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A library of pyroglutamate derivatives (Fig. 1-4: 8a-8f, 9a-9d, 10a-10e,
1la-11f, 12a-12c, 13 and 14) have been analyzed qualitatively to
investigate their Structure Activity Relationships (SAR). Antibacterial
screening data used for this work was against the selected multidrug-

resistant pathogens, including Gram-positive and Gram-negative bacteria.
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Pyroglutamate, Pyrrolinone, Pyrroli-
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Among the synthesized compounds, pyroglutamates 8e and 11d are more
potent as antibacterial agents..

Introduction

Pyrroglutamate is an intermediate of glutathione
metabolism. It marks glutathione insufficiency.
Glutathione, a potent anti-oxidant in the human body,
is essential in throwing away toxins. Moreover,
pyroglutamates play a vital role in drug discovery
(Mollica et al., 2014; Stefanucci et al., 2015). We
recently reported the preparation of highly
functionalized pyroglutamates, pyrrolinones, and
pyrrolidinones (Scheme 1) (Bagum et al., 2019a,
2019b, 2020). Antibacterial screening of the selected
compounds was done (Table 1), which was further
studied to find Structure-Activity Relationships, and
we report the result of this work here.

Test method for bioassay

Oxford Antibiotic Group, Austria, screened the novel
compounds against selected multidrug-resistant
pathogens. The compounds were examined in a
primary 96-well plate screening assay, according
to SOP 0906. The compounds were diluted in
“MHB” (Mueller-Hinton broth) for a bacteria
culture test to a standard solution of 1000 pg/mL,
serially diluted, and overlaid with a microbe
solution in a 104 CFU/mL concentration. At 35°C,
the plates were incubated for 24 hours.

“Corresponding author:<halimaju35@gmail.com>

MIC values were assessed by visual inspection of
optical density, and complete bacterial growth
inhibition was achieved by a clear saturation of the
solution following SOP.

Antibacterial screening

Representative compounds among the synthesized
compounds were tested (Bagum et al., 2019a, 2019b,
2020) for antibacterial activity in the case of the
following Gram-negative and Gram-positive bacteria
(Table 1):

1. E.coli (EC 34)

2. K. pneumoniae (KL 18)

3. P.aerogenosa (PS 23)

4. Methicillin resistant S. aureus (MRSA 1)

5. Methicillin resistant S. aureus (MRSA 2)

It is to be mentioned that the antibacterial activity of
selected compounds was not found against the tested
Gram-negative bacteria (EC 34, KL 18, and PS 23).

Results and Discussion

Compounds 8d and 11d showed antibacterial
activity against Gram-positive bacteria MRSA1
and MRSA2. However, they showed no activity
against Gram-negative bacteria EC 34, KL 18, and
PS 23.
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Compounds 10a, 12c, 13, and 14 exhibited
antibacterial activity against only MRSAZ2. The study
on the structure of the compounds 8a-8f, 9a-9d, and
10a-10e (Fig. 1) reveals that the presence of the —
CHO group on the aromatic ring assists in exhibiting
appreciable activity.

Similarly, pyroglutamates 1l1a-11f, derived from
cysteine, showed the contribution of the -CHO group
to the activity (Fig. 2).

Comparing the structure and activities of 8d, 10d,
and 11d supports the previous observation of the
antibacterial activity due to the presence of the —
CHO group on the aromatic ring. The reduction
of the —-CHO group to the -CH,OH group lost
the compound’s activity, which is evident if we
juxtapose the structure and activity of 8d and
10d. Again, compounds 8a, 8b, and 10a have
similar structures. They differ only in the
presence or absence of methyl group at C-4, its
stereochemistry, and unsaturation at C-6 (Fig.
1). The activity of 10a showed moderate
antibacterial activity against Gram-positive
bacteria MRSA 2, whereas 8a and 8b are not
active. This result implies that C-4 methyl is
unnecessary for activity and provably imposes

CO.H

steric hindrance. Moreover, the presence of
unsaturation at C-6 diminishes activity in case of
6(4-methoxyphenyl)- derivatives 8a, 8b and 9a.

Of interest, 12c showed appreciable activity.
Observation of the structures of 11e and 12c (Fig. 2
and Fig. 3) showed that the presence of sulfoxide is
essential for the antibacterial activity of 4-
chlorophenyl  pyroglutamate derivatives. Sulfur
systems are inactive for all other systems (e.g., 4-
methoxyphenyl, phenyl).

Moreover, N, O-acetaldeprotection of some
inactive compounds, e.g., 9b and 9c, leads to
weakly active compounds 13 and 14, respectively
(Fig. 4). This indicates that the hydrophilicity of
compounds increases activity.

Generally, the presence of —-CHO on the aromatic
ring increases antibacterial activity in every series. In
addition, for the 4-chlorophenyl derivative, the
replacement of the S atom by sulfoxide increases
antibacterial activity. The free NH and OH in
pyroglutaminol help to improve activity, probably
due to the increased solubility.

Among the compounds studied, pyroglutamates 8d
and 11d are more potent antibacterial agents, while
pyroglutaminols13 and 14 are weakly active.

MeO,C Z

CO; COMe Y
_i_ XH MeOH. SOCl, 3 'BuCHO, Et;N =
HNTY —— = HOHN SN o——— e HNUJ
Y %z 40°C,3h COER Petrol, 110°C, 16 h A’,\
L-Serine X=0,Y=HZ=H 1 2 O 0
L-Threonine X=0,Y=Me Z=H Et0 A 0oH
L-aflo-Threonme - X=0.Y=H.Z=Me DMAP. DCC
L-Cysteine X=S Y=H Z=H DCM., 1t, Sh
0
OMs
\ COMe . T
f@%of\’e MsCLDIPEA 0= X 7" KOBu(1.05eq) MeOC, s Ty
=N DCM, 1t, 64% X THF. Refhux. 3-Th Etom-\';{'
A § I 3 A~
Ar-B(OH), (1.3 eq)
l PACl,(dppb). Na,CO;
Toluene EtOH. 110°C
Ar Ar
"O.NS P
AN PO, £os
0=~N 5 O’E\B\(g'
— EtOAc.tt, 1-20h SN
N 6 A7

Scheme 1. Preparation of highly functionalized pyroglutamates.
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Table 1. MIC values for the screening of selected compounds against several pathogens.

SI No Compound Gram-positive bacteria
MRSA 1 MRSA 2

1 8a
) 8h n.a. n.a.
3 8c
4 8d 31.25 pg/mL 15.63 pg/mL
5 8e
6 8f

n.a. n.a.
7 %a
8 9b
9 9c
10 ad
11 10a n. a. 62.00 pg/mL
12 10b n. a. n. a.
13 10c
14 10d
15 10e
16 1la
17 11b
18 11lc
19 11d 15.63 pg/mL 15.63 pg/mL
20 11le n. a.
21 11f N a -
22 12a n. a.
23 12b
24 12c n.a. 31.25 pg/mL
25 13 n. a. 125.00 pg/mL
26 14 n.a. 125.00 pg/mL

n. a. = not active
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Fig. 1. Pyroglutamates derived from L-Serine, L-Threonine and L-allo-Threonine
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Fig. 2. Pyroglutamates derived from L-Cysteine.
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Fig. 4.N, O-Acetaldeprotection of pyrrolinones to yield pyroglutaminol.
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Conclusion

The Structure-Activity Relationships (SAR) of
pyroglutamate derivatives were studied
qualitatively. Compounds 8e and 11d showed
antibacterial activity against Gram-positive bacteria
MRSA1 and MRSA2. Compounds 10a, 12c, 13,
and 14 exhibited antibacterial activity against only
MRSAZ2. It has been observed that the presence of
the —CHO group on the aromatic ring assists in
exhibiting  appreciable  activity.  Also, the
hydrophilicity of compounds increases activity.
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