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Introduction

Heterocyclic natural products are important lead molecules in
the design of drugs and agricultural products. Synthesis of
heterocycles is challenging and arduous; new and efficient
methods are needed for their synthesis.* The five-membered
ring system consisting of three nitrogen hetero atoms defines
a fascinating class of compounds known as triazoles. Triazoles
are considered a privileged class of heterocycles due to their vast
array of biological activities.” In recent years the chemistry of
triazoles has received considerable attention owing to their
application in agrochemicals, fine chemicals, and pharmaceu-
ticals.® Triazoles (Fig. 1) exist in two isomeric forms 1,2,3-tri-
azole and 1,2,4-triazoles. 1,2,4-triazoles are present in many
drug molecules (Fig. 2). The literature itself proved that 1,2,4-
triazoles possess a wide range of physiological activities. The
nucleus 1,2,4-triazoles have anti-bacterial, anti-fungal, anti-
tubercular, anti-cancer, anti-inflammatory, and anti-viral
activities.*

Penipanoid A (4a) is a 1,2,4-triazole-based natural product
isolated from the deep-sea sediment of marine fungus Penicil-
lium paneum SD-44 and exhibits cytotoxicity and antimicrobial
activity.® Given its interesting biological activity we embarked
on the synthesis of 4a and its analogues. Earlier studies in the
literature reported the multistep approaches towards the
synthesis of 4a.*” We herein report an efficient one-pot
approach to synthesize 4a and its analogues. To the best of
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under mild conditions. This strategy enabled us to synthesize the natural penipanoid A and its analogues

our knowledge, this is the first example towards synthesis of
penipanoid A natural product derivatives. We envision that this
method will allow us to quickly study the structural activity
relationship of active penipanoid A analogs towards identifying
novel antimicrobial agents.

Results and discussion

We started our investigation by synthesizing acylamidine
intermediate (2a) using 4-hydroxyphenyl acetic acid and the
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Fig. 1 Structures of 1,2,3-triazoles and 1,2,4-triazoles.
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Fig. 2 Structures of some bioactive 1,2,4-triazoles.
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formamidine hydrochloride. We employed peptide coupling N—\
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) I ’;‘j\N ’;lj\N
reaction conditions for the study.®? We monitored the reaction N N’ N
by LC-MS and once 4-hydroxyphenyl acetic acid was totally ©/002H @
consumed we added 2-hydrazinylbenzoic acid hydrochloride
HO HO HO cl HO

and acetic acid to the reaction vessel to obtain the product. We 48, 74% b, 65%
set out to study the effect of variants on the reaction. Several

4c,60% 4d, 62%

N

conditions (coupling reagents, solvents, and bases) were thor- Y Y LN\ Y

oughly studied for the reaction of 4-hydroxyphenyl acetic acid N N N N

and the formamidine hydrochloride by LC-MS, culminating in @\ "@ ©
X

the use of HATU as the peptide coupling reagent.” Next, we e Br H e HO ) Ho &

0
studied the effect of bases, and we investigated both organic de.61% 41,60% 49, 56% 4h, 59%
and inorganic bas.es. . N N N N N
Unfortunately, in our reaction conditions, metal carbonates ! N N N N
and metal bicarbonates (M,CO; and MHCO;) gave us 2-(4- NQ\N 6 K© é:)\l @
hydroxyphenyl) acetamide as major side product. Interestingly K \=/ g
organic bases such as NMM, DIPEA, Et;N gave us desired acy- HO 4i,54% HO 4, 60% HO a57% H°4] 535, CF2
lamidine intermediate 2, albeit in varying yields (Table 1, ‘
entries 1-3). We found that DIPEA was a superior base and we ’}‘_\\N N N
used it for our future synthetic efforts. Subsequently, we N’ R N
focussed our attention towards identifying suitable solvent. We (ﬁ ©/0CF3 F
used DMF, THF and ACN as solvents (Table 1, entries 16-22), we ud N
found that best results were seen with DMF (Table 1, entry 2) we o 0A© HO HO ¢
hypothesize that DMF's ability to dissolve the coupling agents . eee an. 52% 4o, 54%
might enable it to form acylamidine intermediate efficiently. Fig. 3 Synthesis of penipanoid A and its derivatives 4a—o.

The desired protocol proved useful to study the next step

Table 1 Optimization of conditions® ) ) !
towards the formation of our desired final product 1,2,4-tri-

HaN. azole. We have applie e similar reaction conditions for the
N le. We h pplied th 1 t dit for th
COM H,N"SNH.HCI o) COH '}‘_\\N second step which was reported previously.® Gratifyingly, the
2 Z N’ . . . . . . .
Coupling Agent T 3 oM cyclization reaction gave us penipanoid A (4a) in good yield
Base/Solvent ACOH. 80 °C (740/0) (Flg 3).
07CRT. 18 4h HO o, With the established reaction conditions in hand, we studied
a

! OH (23 the substrate scope using various substituted and unsub-
stituted hydrazine derivatives to generate penipanoid A
analogues. Pleasingly, the reaction is very versatile as were able
to use various substituted hydrazinyl benzoic acid derivatives to

Acylamidine intermediate

1 1 0,
Entry Coupling agent Solvent base Yield (%) generate penipanoid A analogues with ortho, meta and para
1 HATU DMF Et;N 55 substitutions and could obtain electron donating and electron
2 HATU DMF DIPEA 74 withdrawing groups. Additionally, the reaction conditions
3 HATU DMF NMM 51 could tolerate heterocyclic groups (4g, 4i, 4k, 41) with satisfac-
4 HATU DMF Cs,CO;3 55 tory ylelds (Flg 4)‘
5 HATU DMF K,CO; 50 . . .
6 HATU DMF Na,CO, 11 Intrigued by the.se ﬁ.ndln.gs, we d.ec1ded to replace t.he 4
7 HATU DMF NaHCO; 30 hydroxyphenyl acetic acid with substituted and unsubstituted
8 EDC.HCI DMF DIPEA 36 phenyl acetic derivatives. Interestingly, we generated novel
9 PyBOP DMF DIPEA N.R. 1,2,4-triazoles with the phenyl ring (5a-c). Interestingly, we
10 CD DMF DIPEA N. R.
11 HATU THF DIPEA 30
12 HATU ACN DIPEA 12

“ Conditions: 1 (1.33 mmol), base (3.99 mmol), in solvent (5 mL) and 2 MeO

(1.97 mmol) at room temperature for 18 h.; then added 3 (1.97 mmol) N

and AcOH (13.14 mmol) at room temperature and heated the mixture '}'_\\N \©\/¢ N ';l—\\
N N

N

(diisopropylethylamine); Et;N (Triethylamine); DMF COuH

(dimethylformamide); THF (tetrahydrofuran); CAN (acetonitrile);

EDC.HCI (N'-ethylcarbodiimide hydrochloride); PyBOP (benzotriazol-1- 5a, 74% 5b, 65% 5¢, 60%

yloxytripyrrolidinophosphonium  hexafluorophosphate); CD (1,1~

80 ©°C for 3 h; NMM (N-methyl morpholine); DIPEA N COH
SR

HATU (Hexafluorophosphate azabenzotriazole tetramethyl uronium);

carbonyldiimidazole). Fig. 4 Synthesis of penipanoid A analogues 5a-c.
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generated novel 1,2,4-triazoles without the hydroxyl group on
phenyl ring (5a-c).

Conclusions

In summary, we developed a novel and efficient method for the
synthesis of penipanoid A and its analogues. The reaction
conditions were optimized and the scope of the reaction with
respect to hydrazines and phenyl acetic acids were examined.
The optimized protocol allowed the creation of structurally
diverse penipanoid A libraries for biological screening. All
synthesized compounds are currently being tested for antimi-
crobial activity, and results will be communicated in due
course.
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