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The discovery and development of environmentallpigre  nucleophilic addition of antipyrine to carbonyl cpounds is the
protocols for the diversity-oriented synthesis dftamocyclic  most convenient strategy for the construction ofipgmine-
compounds is of great significance to chemical andsubstituted alkanol products. However, to the bestoof
pharmaceutical researthWater, the solvent of choice for knowledge, no report was found in literature on tekedtive
Nature, is cheaper, safer, and cleaner than comvesitorganic condensation of antipyrine with carbonyl compouratsy most
solvents In addition to being a green reaction medium, watef these reactions resulted in the formation ofntifgyrine-
has special physical and chemical properties, sschigh heat substituted products. Herein, we report that the selective
capacity, high dielectric constant, amphoteric ratland condensation oN-substituted pyrazolones with isatins can be
extensive H-bonding ability. These special properties allow realized in water (Scheme 1).
chemists to realize reactivities and selectivitieat cannot be

achieved in common organic solvehtgherefore, extensive o N N N
efforts have focused on the use water as a reactexiium, and A
. . . . 5 Ph—N I Ph—N I
great success has been achieved in modern orggmicesis> " "
/ / F

However, pursuing practical organic reactions in wéterthe
synthesis of biologically relevant heterocyclesstsl in early
stages and more research is neéded. Antipyrine  Propylphenazone

Pyrazolone, a unique five-membered heterocycleufeet o
two adjacent nitrogen atoms, is identified a siguaifit 0 | o} H 0 |
pharmacophore because of its prevalence in bi@adiatural N N N.__ SOsH
alkaloids and pharmaceuticdlsin particular, antipyrine (1- Ph\N}\I Ph\N\»I Y Ph\N\»j{
phenyl-2,3-dimethylpyrazol-5-one) and its derivavhave been /N /N /N
widely used for a long time in medicine as antipgrednalgesic,

sedative, antimicrobial, antiviral, antioxidant, tiaancer, and
anti-inflammatory drugs (Figure f)Thus, considerable attention

\
has been directed towards the synthesis of antpyaimalogues N \ ¥
for drug discovery. Although several of methods, such as @/N NH
electrophilic  substitutio!8 and metal-catalyzed C-H F g o o —
PH

Aminophenazone Ramifenazone Metamizole

functionalizatiod® have been used for the synthesis of antipyrine F
analogues, the existing synthetic routes to antipysubstituted ] NPS-1034 ] )
alkanol products are limited to the nucleophilicdition of Figure 1 Examples of pharmaceutically active pyrazolones

aldehyde with Grignard reagent and the reduction o t
corresponding ketorfé. These methods suffer from many
disadvantages, such as narrow substrate toleraarsh feaction
conditions and low atom economy. Theoretically, ttieect
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Previous work: Table 1 Optimization of the reaction conditidhs
Mg'-P HO, 0
o o nucleophilic R
o o
A\ . J addition N o)
/N\N R N
Ph N— H
\ P N 1a
\ Additive
o) (0] (0] OH * Solvent
reduction /
Ph—N_ | RO ——— PN | R Phn-N
\ \
N N /
/ / o
This work: 2
0 Ar —
o ,\j Entry Solvent Temp. Additive t 3a 4a
Rﬂ%o . N— [°cl [h]  Yidd[%]® Yield[%]®
N = 1 Organic 25 none 48 - -
k2 solvents
2 H20 25 none 48 - -
3 H,O 65 none 48 58 nd
H20 4 DMF 65 none 48 - -
120°C DMSO 65 - -
5 none 48
6 Toluene 65 none 48 - -
7 Dioxane 65 none 48 - -
8 CHCl3 65 none 48 - -
9 MeOH 65 none 48 trace -
Scheme 1 Synthetic routes to pyrazolone-substituted alkanol10 MeCN 65 none 48 trace -
products 11 H,O 80 none 48 55 21
Initially, we investigated the reaction of isatin kviintipyrine, 12 H0 100 none 48 24 68
leading to the formation of 3-antipyrine substith®hydroxy-2- 13 H.0 80 NaHC@ 48 37 8
oxindole, as a model for optimizing the reactiondition (Table 4 H,0 80 KCO; 48 34 10
1). Different solvents including water, DMF, DMSO, Uiehe, 15 H,O 80 DABCO 48 40 8
Dioxane, CHCJ, MeOH and MeCN were studied at vgrious 16 H,0 80 DMAP 48 51 17
temperatures. No product was formed whe_n the reaactias 17 H,0 80 DBU 48 65 9
performed at room temperature. Elevating the reacti 18 H,0 80 ESNH 48 6 18
temperature from rt to 6%C, the desired product was obtained HO 80 imidazole 48 86 ]
with 58% vyield in water, while no product or only tescof 19 2
product were observed in other organic solventselsing the 20 H:0 80 _ TMG 48 38 <
reaction temperature in water from &% to 80°C and further to ~ 21° H.0 80 imidazole 48 67 20
100°C did not improve the yield of the desired proditt led 22 H,0 80  imidazole 48 73 10

to the formation of a further nucleophilic subdiita product4a
(bis-antipyrinyl oxindole). We speculated that the ewsed
acidity of water at elevated temperature is theaeasf further
nucleophilic substitution proce&sTo suppress this competitive
process, a series of base additives were then sctedio our
delight, when 20 mol % imidazole was tested, it teslin 86%
of the 3-antipyrine substituted 3-hydroxy-2-oxinel@roduct3a,
and nobis-antipyrinyl oxindole productia was observed. Other
bases, such as NaHG@,CO;, DABCO, DMAP, DBU, EsNH
and TMG, gave inferior results. When the amountnalazole
was reduced to 10 and 5 mol %, 10% and 20%aafas isolated
respectively in 48 h, which suggests the key rolemdazole for
this protocol.

Having optimized the reaction conditions, we thenngrad
the substrate scope of this nucleophilic additieection, and the
results are shown in Table 2. The procedure saases general
approach to structurally diverse prod@cWarious isatins andl-
substituted pyrazolones could engage in the progessiding
the corresponding products in moderate to good dyiel
Generally, the reaction worked well with electron-withding
groups on the 5-position of isatins, providing 3ipyrine
substituted 3-hydroxy-2-oxindole products in 60-838élds,
whereas electron-donating groups underwent
conversion into the products. 7-fluoro-, 7-chloemd 7-bromo
isatins reacted well with antipyrine in 29-48 h tonfgh the
desired products in 74—84% vyields.

# Unless otherwise noted, the reaction was perforwigd0.4 mmol ofl,
0.2 mmol of2a and 20 mol % additive in 1 mL water.

®|solated yield.
°5 mol % of the catalyst was used.
410 mol % of the catalyst was used.

Interestingly, di-substituted isatin (4,7-dichl@aiin as an
example) was also applicable for this reaction ewenthe
absence of imidazole, affording the desired pro@actin 88%
yield. The scope of this nucleophilic addition réa was further
extended td\-protected isatins. It is shown tHétmethyl isatins,
N-ethyl isatin, N-allyl isatin and N-phenyl isatin were also
compatible substrates with the formation of the esponding
products in 67-84% yields. However, poor result wasiobd
whenN-benzyl isatin was employed, presumably due to ot p
dispersibility in water. Moreover, it is recognizetiat the
electronic nature ofN-aryl substituted pyrazolones has no
pronounced on the reaction yields. Pyrazolones wifferent
groups, such as fluoro, chloro, bromo, methyl, anethoxyl
were proceeded smoothly to afford the correspongimglucts
(3t-3x) in moderate to good yields. However, almost no

moderatgonversions were observed when the aryl groupviras replaced

with methyl group or hydrogen atom. The structure tiogé
product was unambiguously confirmed on the basisiofle-
crystal X-ray diffraction analysis of compou8d.”
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Table 2 The substrate scope of direct nucleophilic additeactiofi

o)
e Oﬁ,N. Imidazole (20 mol%)
Ry O + N— -
= N I‘-"‘\"‘< Hzo, 80-100 °C
1 Ry 2
Ph Ph oh Ph
Os N O N, O N,
HO | N HO | N-— HC - HO | N—
i F C' 1
o) o) o)
N N N
H H
3c 3e
80 °C, 48 h, 86% yield 80°C, 23 h, 80% yield 80°C, 29 h, 81% yield 100 °C, 48 h, 82% yield 80 °C, 48 h, 60% yield
Il Ph
N,
oﬁ/ N— Ho 1N
F,CO n \Q
0
N
H
3g : 3i
100 °C, 48 h, 60% yield 80 °C, 29 h, 65% yield 80 °C, 48 h. 60% yield - 80°C, 48 h, 34% yield
Ph Ph Ph Ph e
Os N, Os N, Os N Os N, Qs N
HO L M Ho L N7 HO . N ¢ Ho | N HO L N7
1
0 o] o] 0 0
F cl Br Cl Me
3 3k 3l 80 °C, 48 h, 74% yield¢ 3n

80 °C, 29 h, 84% yield 80 °C, 48 h, 7% yield 80°C, 40 h, 74% yield ;a0 4511 ago, yielg? 50 °C: 48, 82% yield

; E'h Ph
Os N, \ Os N, O N_
HO | N— N-— HOY-._E N-— HO | N—
F ‘ )
o gﬁ; 0
N N N
e Ph
3o 3p 3q 3r \\ 3s

80 °C, 48 h, 80% yield 100 °C, 48 h, 30% yield 80°C, 48 h, 84% yield 80°C,48h, 81% yield 100 °C, 27 h, 67% yield

@ @ @ @ @

80°C, 48 h. 75% yield 80°C, 48 h, 83% yield 80°C, 48 h, 64% yield 80°C, 48 h, 86% yield 80°C, 48 h, 68% yield

& Unless noted, reactions were performed with 0.4ohohl and 0.2 mmol of in 1 mL water with 20 mol % imidazole as the cagalyrield refers to the
isolated product.

b Without the addition of imidazole.
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Most importantly, the present method could be uf®d
preparative synthesis, as demonstrated by a sqaleaction
using 6.0 mmol ofla and 4.0 mmol of2a under the similar
reaction conditions described above. After compfetad the
reaction, the desired produga (> 99% purity) was obtained in
1.154 grams with 86% vyield by simple filtration andshing
with water. (scheme 2a). This strategy provided actlirstep-
economic and environmentally benign access to wari@-
pyrazolone substituted 3-hydroxy-2-oxindole produatith
important  biological® Moreover, compound3a displays
excellent synthetic application in diversity-oriedtsynthesis. As
shown in scheme 2b, various nucleophiles such aslentl-
methyl indole, pyrrole, 2-methylfuran, apdoluenethiol reacted
well with 3a in the presence of DBSA (4-
Dodecylbenzenesulfonic acid) to furnish di-substitut 2-
indolinones6 in high yields.

a) Gram scale synthesis of 3a

o] h
0 | Imidazole
o + ‘N— (20 mol%)
N H,0, 80 °C, 48h
1a 2a
(6.0 mmol) (4.0 mmol)

b) Nucleophilic substitution of 3a
Ph
i

\

N—

DBSA (10 mol%)

H,0, 80 °C

-

6b
10 h, 82% yield

Ph _ 0
N \(/ \
N— \J\ S

6¢c 6d 6e
18 h, 83% yield 10 h, 86% yield 8 h, 85% yield

Scheme 2 Synthetic utility of this “On water” process

In addition, without the addition of imidazole, theaction
between isatins with antipyrine resulted in the fdromaof di-
antipyrine substituted oxindoles under high temieea(120°C)
water. As shown in Table 3, isatins with various stibstits on
the benzene ring were all found to be suitable ffier ieaction
and gaveda—4l in 65-90% yields. Di-substituted isatin (5,7-
dimethylisatin as an example) and N-methyl isatirrenvalso
well tolerated and afforded the target compounds wiblod
yields. It should be noted that all of the desipedducts were
isolated by simple filtration and does not requamy column
chromatographic purification. The structureddfwas confirmed
by an X-ray crystallographic analysfs.

Table 3 Synthesis of 3,3-di-antipyrine substituted oxiregd!

[0] l/i’h
S o 0 N\N H,0, 120 °C
i + —
N = 48h
R2
1 2a

4a, R'=H, 84% yield

4b, R' = 5-F, 83% yield
pp 4c, R'=5-Cl, 65% yield
N 4d, R"=5-Br, 83% yield
N 4e, R'= 51, 75% yield
4f, R' = 5-Me, 89% vyield
4g, R' = 5-MeO, 90% yield
N 4h, R'= 5-CF,0, 85% yield
4i, R' = 6-Br, 84% yield
4j, R'=7-F, 80% yield
4k, R' = 7-Cl, 78% vyield
41, R" = 7-Br, 72% yield

4m, 84% yield

# Unless noted, reactions were performed with 0.2hwhl and 0.45
mmol of2ain 1 mL water. Isolated yield by washing process.

In conclusion, the selective condensation of pylases with
isatins could be realized in water. Various mono-pgi@ne
substituted 3-hydroxy oxindoles were achieved in ghesence
of imidazole under hot water condition (80-1%), while di-
antipyrine substituted oxindoles were obtained undégh
temperature water condition (12Q). This process provides a
highly efficient and environmentally benign approeaior the
diversity-oriented synthesis of Antipyrine derivas, a
structural scaffold for various pharmaceutical agen
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Highlights
The synthesis of both mono-antipyrine and di-antipyrine substituted oxindoles.

The selective condensation of pyrazolones with isatins in water.

Works well with awide range isatins.
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