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Abstract. 2,4-Dihydro-3H-1,2,4-triazol-3-ones are a
class of biologically important heterocycles. A novel
and simple synthesis of such structures is developed.
The method is through a base-promoted Boulton-
Katritzky-type rearrangement of 1-(isoxazol-3-
ylhureas and is highly efficient for the formation of
2,4-dihydro-3H-1,2,4-triazol-3-ones.

Keywords:  Boulton-Katritzky =~ Rearrangement;
Heterocycles; Ring-Transformation; (1-isoxazol-3-
yl)urea; 2,4-dihydro-3H-1,2,4-triazol-3-one.

Heterocyclic compounds have been widely found as
core structures in natural products®™ and utilized as key
motif in pharmaceuticals and other function
molecules.! 2,4-Dihydro-3H-1,2,4-triazol-3-ones and
derivatives are a class of five-membered heterocycles
showing broad bioactivities (Figure 1), such as
anticonvulsant,®  anticancer,'!  antiretroviral,
antifungal® and other else.[’" The preparation and
derivation of such structures have also been
extensively explored in synthetic community.!

LY518674 (PPAR a agonist) MK-1439

(antiretroviral agent) Azafenidin

(selective preemergence herbicide)

anticonvulsant agent

Itraconazole

Figure 1. Examples for bioactive 2,4-Dihydro-3H-1,2,4-
triazol-3-ones and derivatives
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The ring-transformation reactions have attracted
great interests in synthetic community and many
excellent methods and strategies have been developed
for the formation of different heterocycles due to their
importance. The Boulton-Katritzky rearrangement
between two five-membered heterocycles is one of the
most investigated methods for ring-transformation and
has been extensively applied in the synthesis of
heterocyclic ~ compounds.f®t  Generally, such
rearrangements typically occurred in heterocycles
with N-O bond, such as in isoxazoles and 1,2,4-
oxadiazoles, in which the N atom is electrophilic and
could be attacked by nucleophilic side chains.[*> 3 I,
this way, a new five-membered skeleton is formed by
accompanied with the cleavage of N-O bond in the
isoxazole or 1,2,4-oxadiazole five-membered ring
(Scheme 1).1:4

Scheme 1. General Boulton-Katritzky rearrangement of N-
O containing heterocycles.

A variety of three-atom side chains have been
explored as nucleophilic (j;roups to form new
heterocyclic compounds.?*® However, it is stili
highly desirable to explore different side chains for
efficient formation of novel heterocyclic skeletons.
Herein, we’d like to disclose our research in the
formation of 5-(2-oxoalkyl)-2,4-dihydro-3H-1,2,4-
triazol-3-ones from (1-isoxazol-3-yl)ureas via the
Boulton-Katritzky rearrangement with a urea motif as
the nucleophilic group.

Our research was initiated with the
transformation of 1-(5-(tert-butyl)isoxazol-3-yl)-3-
phenylurea (1a) to 5-(3,3-dimethyl-2-oxobutyl)-2-
phenyl-2,4-dihydro-3H-1,2,4-triazol-3-one (2a) as a
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model case. Compound 1a was prepared by reacting
the corresponding amine with phenyl isocyanate in
toluene. With 1a as the substrate, the rearrangement
reaction was first explored under air in different
solvent with NaOH as the base. As shown in Table 1,
A variety of solvents such as DMSO, DMF,
acetonitrile, 1,4-dioxane, toluene, THF and DCM,
were screened with 2 equivalents of NaOH as the base
in 80 °C. It revealed that in 1 hour, only the reactions
in DMSO and DMF afforded the corresponding
product in 88% and 45% vyield (Table 1, entries 1-2),
respectively. No transformation was observed in other
solvents (Table 1, entries 3-6). Inferior result (about
20% vyield) was obtained by reducing the amount of
NaOH to 1 equivalent (Table 1, entry 7). Then,
different bases were explored in DMSO. It showed that
organic bases such as EtsN and DIPEA didn’t work
(Table 1, entries 8 and 9), while strong base t-BuOK
and inorganic bases such as KsPO., K2COs, Cs,CO3
could promote the transformation (Table 1, entries 10-
13). Among them, Cs,COs; showed the best result and
afforded the desired product in excellent yield in 1 h
(Table 1, entry 13). The structure of compound 2a was
confirmed through X-ray experiment (Figure 2).[16]

Table 1. Reaction Condition Screening?

Cs co] (2.0 equiv)

o)
o HN%
/ \ < AN
DMS() 80°C N
2a

Entry base solvent yield of 2a
(%)°

1 NaOH DMSO 88

2 NaOH DMF 45

3 NaOH MeCN -

4 NaOH 1,4-dioxane -

5 NaOH toluene -

6 NaOH CH2C|2 -
7° NaOH DMSO 20

8 EtsN DMSO -

9 iProNEt DMSO -
10 tBuOK DMSO 53
11 K2COs DMSO 30
12 K3PO4 DMSO 51
13 Cs,CO3 DMSO 93

9 Reagents and conditions, 1a (1 mmol), base (2
mmols), solvent (2 mL), 80 °C, 1 h. ® Isolated yields. @
NaOH (Immol).

£ . TS5 A
D g @S

Figure 2. X-ray structure of compound 2a.
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With the optimized conditions in hand, we then
explored the reaction scope with a variety of substrates.
The results were shown in Scheme 2. All the reactions
of 1-(isoxazol-3-yl)-3-arylureas la-k proceeded well
and were completed in 0.5-1.5 hours in most cases.
Both the electron-withdrawing and donating
substituents on the aryl urea parts were well tolerated
and the corresponding products were afforded in
excellent yields. Alkyl or aryl substituents on the
isoxazole ring were also well tolerated and the
rearrangement products were obtained in high yields.
One exception was the conversion of compound 1m
with two methyl groups on the isoxazole ring. The
reaction of 1m was much slower by comparing with
other substrates and only 50% yield was obtained in 5
hours. However, no rearrangement for N-alkyl ureas
1n and 1o was observed under the same condition ana
all the starting materials were recovered.

o]
R? HN‘{ C5,C0; (2.0 equiv) o HN//<N_R
NHR —_— ~ /
- / ) DMSO, 80 °C R‘»\,)\N
[0

RZ
la-o0 2a-0

o o HNJ<
g0 IO YRR

. 2¢: 90% yield, 1.5 h
2a: 93% yield, 1 h

0
O Me, Jz’ & //<
HN
o HN//< o HNTN @ N cl
\\)‘\)\ N \\)‘\)Q / SN
<y N

2f: 85% yield, 1 h
2e: 99% yield, 1 h royie

2b: 91% yield, 1.5 h

2d: 89% yield, 1 h

o Br
0 CFs
o HNJ< [o} HNJ<N@ o HN//<
\\/u\)\ \\)‘\)QN/ \\/\‘\)QN/N
2g: 95% yield, 1h 2h: 9% yield, 0.5 h 2i: 98% yield, 1 h
HN//<
o HN//< o HN//< °

2j: 90% yield, 1 h 2k: 98% yield, 1 h /©/u\:/\ylcld 1h
IO GO

2m: 50% yield, 5 h 2n: not observed in 10 h
Scheme 2. Substrate Scope for the Rearrangement

20: not observed in 10 h

Noteworthy is that oxidized side products could
be formed with prolonged time in these reactions. This
is very similar to the observations by Piccionello and
co-workers in the rearrangement of isoxazole to
imidazoles.*>d For example, the reaction of 1d
afforded 2d in 89% yield within 1 h. However, after
18 h, only 68% of 2d was isolated, together with 2d¢ in
25% vyield, which was formed through the oxidation of
t-butylacyl side chain of 2d (Scheme 3). The structure
of 2d¢ was confirmed through X-ray experiment
(Figure 3).017
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18h
2d',25%

o
o A
HN: . o HN
hY €5,CO5 (2.0 equiv) N
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o y DMS0, 80 °C N e
e
14

Scheme 3. the rearrangement-oxidation cascade

Figure 3. X-ray structure of compound 2d’.

To further simplify the reaction process, we then
investigated the reactions of isoxazol-3-amine 3a with
aryl isocyanates in one-pot manner without isolating
the corresponding urea intermediates. After heating
the reactions of isoxazol-3-amines with aryl
isocyanates at 80 °C for 0.5 h in toluene, Cs,CO; and
DMSO were directly added into the mixture and
heated for another 0.5-4 hours. In this way, the desired
rearrangement products could be directly prepared and
purified as final products. As shown in Scheme 4,
several examples were tested and all afforded the
desired products in good to excellent yields, which are
comparable to that shown in Scheme 2.

o]

NH /(
? 1) toluene, 80 °C, 0.5 h o HNTN L

—_— \N/

\
/,N + ANCO TR C0, (3.0 cquiv)
o DMSO0, 80 °C, 0.5-4h

3a

r

2

O Me

i Vi Vi
HNJ< o HN o HN
e N: Me <N </
<y N N
Me

2b: 91% yield 2¢: 81% yield 2d: 88% yield
[¢] o CF.
[o] Cl 3
o A 0 HN//<N <:> . 0 HNJ(N@
N ~. 7/ ~./
=\ \\)U\N \\/U\/LN
2i: 80% yield

2e: 93% yield 2f: 88% yield
Scheme 4. One-pot formation of 2,4-dihydro-3H-1,2,4-
triazol-3-ones

In summary, we have developed a novel and
simple Boulton-Katrizky-type rearrangement reaction.
A vareity of 1-(isoxazol-3-yl)-3-arylureas were
transformed into  5-(2-oxoalkyl)-2,4-dihydro-3H-
1,2,4-triazol-3-ones under basic conditions. A one-pot
reaction was also developed through simple isoxazol-
3-amines with aryl isocyanates. The reactions have
shown broad substrate scope and the transformation is
highly efficient. Further application of this method is
ongoing in our laboratory.

Experimental Section

General Procedure for the Rearrangemnt Reactions: The
mixture of compound 1a (1 mmol), Cs;COs3 (2.0 mmol) in
DMSO (2 mL) were heated in 80 °C for 1 hour until

10.1002/adsc.201801357

completion. Afterwards, H20 (5 mL) and EtOAc (10 mL)
were added into the mixture. The organic phase was
se[iJarated and washed with brine, dried over Na;SO4. The
solvent was removed under reduced pressure. The crude
product was purified by flash column chromatography
(ethﬁ/_l acetla}&e/petroleum ether = 1/8) to afford product 2a as
a white solid.

General Procedure for the One-Pot Reactions: The mixture
of compound 3a (1 mmol) and tolyl isocyanate (1.2 mmol)
was heated at 80 °C for 0.5 hour in toluene (1 mL). Then,
Cs2C0O3 (3.0 mmol) and DMSO (2 mL) were added and the
mixture was_heated in 80 °C for another hour. Afterwards,
H,O (5 mL) and EtOAc (10 mL) were added into the
mixture. The organic phase was separated and washed with
brine, dried over NaxSO4. The solvent was removed under
reduced pressure. The crude product was purified by flash
column chromat%graph (ethyl acetate/petroleum ether =
1/8) to afford product 2b as a white solid.
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