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Abstract: An iodine-catalyzed [3+2] cycloaddition/ring opening
reaction of 1,1-diacylcyclopropanes with sulfonyl hydrazides has been
reported. In the presence of 20 mol % iodine, a range of structurally
diverse fully substituted pyrazoles with a hydroxy functional group are
obtained in moderate to excellent yields with extremely high
regioselectivity.

Introduction

Pyrazole is an extensively utilized moiety, particularly in the field
of medicinal chemistry, both as a pendant functional group and as
a core template in a wide variety of therapeutic areas.™ At present,
many pyrrole skeleton-containing compounds have been
developed as marketed drugs or clinical research.l Among a
group of pyrazole derivatives, pyrazolol is a very special class,
because it not only can be oxidized into aldehydes or carboxylic
acids, but also be further modified into various alkoxypyrazoles.!
For example (Figure 1), BKI 1708 (1), as a synaptic kinase inhibitor,
can be used for the treatment of cryptosporidiosis.[ Lonazolac
(I1), as a nonsteroidal anti-inflammatory drug (NSAID), it can be
used to relieve pain caused by joints and spine, such as arthritis
and ankylosing spondylitis.® In addition, 3-alkoxypyrazoles (lIl)
can be used as an inhibitor of human dihydroorotate
dehydrogenase (DHODH) and shows activity against measles

virus.[®
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Figure 1. Some inhibitors and drug active molecules.

During the course of a medicinal chemistry campaign, much
attention has been paid to the synthesis of substituted fully
substituted pyrazole derivatives.’l On the other hand, the
synthesis of fully substituted pyrazole derivatives with a hydroxy
functional group via a highly efficient and convergent method
endured some challenges. The construction of alcohol motifs has
received intensive attention owing to the fact that these
compounds are versatile precursors of various functionalities and
moieties in organic synthesis.®l The traditional method used
preformed organometallic reagents to couple with various

carbonyl compounds.®! However, little has been published on
synthesis of fully substituted pyrazole derivatives with a hydroxy
functional group in one step.l"d

As a mild oxidant and mild Lewis acid property, iodine is
widely used in organic synthesis.[*®l Recently, Chang's group has
realized iodine-mediated synthesis of pyrazole derivatives using
a,B-unsaturated aldehydes or ketones and hydrazine under
metal-free conditions in the form of oxidative C-N bond
formation.*Y) Encouraged by this method, in this context, we
envisioned that sulfonyl hydrazides reacted with 1,1-
diacylcyclopropanes via cycloaddition to afford pyrazole ring,
which then undergo ring opening reaction to give fully substituted
pyrazole derivatives with a hydroxy functional group.

Results and Discussion

We initiated our investigation with the cyclization of cyclopropyl
ketone 1a and p-toluenesulfonyl hydrazide 2a in the presence of
iodine (Table 1). First, we selected dichloromethane as solvent,
disappointingly, no desired product was obtained at room
temperature. Then raising the reaction temperature to 70 °C, the
target product was observed in 60% yield. Encouraged by this
result, various solvents were examined, and a 64% yield was
achieved when using acetonitrile as solvent. Moreover, replacing
iodine with other catalysts, such as N-iodosuccinimide (NIS),
sodium iodide, ammonium iodide, etc., gave much lower yields.
Finally, screening additives revealed that the additives have great
impact on the reaction. The highest yield, 81%, was obtained
when ammonium iodide was used as additive. Thus, the optimal
reaction conditions were 1 equiv. of 1a, 2 equiv. of 2a, 0.2 equiv.
of I, and 2 equiv. of NH4l in CH3CN at 70 °C. It is worth noting that
when ammonium iodide and iodine were added, the solution
showed a colorless state, so we speculated that the presence of
iodide ions can form iodine triple negative ions with iodine,
thereby improving the reaction yield.

With the optimal reaction conditions secured, a series of 1,1-
diacylcyclopropanes were investigated for this reaction (Table 2).
First, a range of cyclopropylketones bearing various aromatic
ketones (R, = aryl) proved to work well in this reaction, in
moderate to good vyields (54-88%) with extremely high
regioselectivity. Notably, the reaction tolerated a variety of
functional groups, such as alkoxy, fluoro, chloro, bromo, iodo.
Methyl substituted cyclopropylketones (R, = Me) gave 3r with a
lower vyield (48%). However, when both substitutions of the
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cyclopropane were benzoyl, no product (3s) was found under the
standard conditions. The extra substituent (R*) on the cyclopropyl
ketones also have a great influence on the yield. When a series
of aryl-, vinyl-, or alkyl-substituted cyclopropyl ketones (l1a-1r)
were treated, the desired products (3a-3r) were obtained in
moderate to good yields. When the substituent (R= H, Me), the

desired products (3t-3v) were obtained in moderate to good yields.

Subsequently, the scope of sulfonyl hydrazides was tested
(Table 3). A range of aryl sulfonyl hydrazides that have electron-
donating and electron-withdrawing groups gave the desired
products in moderate to good yields (4a-4l). In addition, alkyl
sulfonyl hydrazides proved to be suitable reaction partners, giving
products (4m-4q) with similar efficiency. In addition to a variety of
sulfonyl hydrazides, simple aliphatic hydrazides, phenyl
hydrazines and hydrazine hydrate can also react under our
standard condition to obtain the corresponding products (4r-4t).

Table 1. Optimization on Reaction Conditions.®

o o Ph
I, )j/\rph
Ph + TsNHNH, —— > Ts—N
conditions N= OH
Ph Me
1a 2a 3a
Entry ?:q;i:{l_s)t 'I;eogu)) Solvent Yield® (%)
1 12(0.2) 70 CHzCl2 60
2 12 (0.2) 70 CHCls 48
3 12(0.2) 70 EtOAc 43
4 12 (0.2) 70 Toluene 41
5 12(0.2) 70 CHsNO2 46
6 12 (0.2) 70 CHsCN 64
7 12(0.2) 70 DMSO trace
8 12(0.2) 70 DMF trace
9 12(0.2) 70 Dioxane 33
10 I2 (0.2) 70 THF 40
11 12(0.2) 80 CHsCN 59
12 12(0.2) 90 CH3CN trace
130 12(0.2) 70 CHsCN 30
141 12 (0.2) 70 CHsCN 59
15 12 (0.3) 70 CHsCN 54
16 12 (0.4) 70 CHsCN 56
17 NBS (0.2) 70 CHsCN 42
18 NIS (0.2) 70 CHsCN 58
19 NHal (2.0) 70 CH3CN 35
20 Nal (2.0) 70 CH3CN 62
211 12 (0.2) 70 CHsCN trace
221 12 (0.2) 70 CHsCN 53
23 12(0.2) 70 CHsCN 77
24N I2 (0.2) 70 CHsCN 81
25 12 (0.2) 70 CHsCN trace
26U 12 (0.2) 70 CHsCN 35
27K 12(0.2) 60 CHsCN 56

[a] Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), I2 (0.02 mmol), solvent
(2.0 mL), under air in a sealed tube at 70 °C (oil bath) for 16 h. [b] Isolated yield
based on 1a. [c] 1a (0.12 mmol), 2a (0.1 mmol). [d] 1a (0.1 mmol),2a (0.3 mmol).
[e] TBHP (2 equiv.) as additive. [f] KI (2 equiv.) as additive. [g] Nal (2 equiv.) as
additive. [h] NHal (2 equiv.) as additive. [i] TSOH (1 equiv.) as additive. [j] EtsN
(1 equiv) as additive. [k] NHal (2 equiv.) as additive.

To gain insight into the reaction mechanism, a series of
control experiments with possible intermediates was performed
(Scheme 1). Compound 5a was easily obtained under the
standard conditions. Treatment of 5a with sulfonyl hydrazides
gave the product 3a in 74% yield, which substantially
demonstrates that the reaction went through a sulfonylhydrazone
intermediate (Scheme 1, eq 1). Moreover, the addition of the free
radical inhibitor 2,6-di-tert-butyl-p-cresol (BHT) to the reaction
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Table 2. Scope of 1,1-diacylcyclopropanes.

o o I, (0.2 equiv.) R? ,

NH,l (2 equiv.) N R
R2 Me + TSNHNH, CH4CN, 70°C Ts: N’\)‘:LAgH
R! Me
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 e
TKQ T{Q S\Nj\/@
= Ph), 81%

3h (R?= Ph), 72%
3i (R%= 4-MePh), 65%
3j (R%= 4-OMePh), 56%

3e (R?= Ph), 88%
3f (R?= 4-MePh), 77%
3g (R%= 4-OMePh), 54%

3a (R?
(RZ— 4-MePh), 85%
3¢ (R?= 4-OMePh), 78%
3d (R2?= 4-CIPh), 63%

Me
3v, 53%

N NN TS‘N% Tom ﬁAr ©
N el E N,jl?(mA N= e Nl oH
3k (R%= 4-MePh), 70%
31 (R%= 4-OMePh), 57%
3m (R?= 4-FPh), 60%
(R2 4-CIPh), 73%
o (R%= 4-BrPh), 63%
p (R%= 4-IPh), 54%
(RZ— 1-naphthyl), 71%
3r (R%= Me), 48%

3s, 0% 3t (R%= 4-MePh), 61%

3u (R?=4-OMePh), 55%

[a] Reaction conditions: 1 (0.1 mmol), 2a (0.2 mmol), 12 (0.02 mmol), NH4l (0.2
mmol), solvent (1.0 mL), under air in a sealed tube at 70 °C (oil bath) for 16 h.
[b] Isolated yield based on 1.

Table 3. Scope of sulfonyl hydrazides.®

. Me
o o I, (0.2 equiv.) ) R!
NHy! (2 equiv.) N™ |
Ph%”‘e * RNHNH, o en70cc - NppOH
R' R
1 2 4
Me 4a (R= Me), 75% Me Me
N~W 40 (R= ). 61% N OH\ N OH\
Ly prO" 4 (R=Bu), 56% o' ph Oy Ph
0 4d (R= OMe), 65% O 0 o
4e (R=F), 65% O O
4f (R=CI), 71% O
R -
49 (R=Br), 73% 4K, 56% 41, 60%
4h (R= 1), 59%
4i (R=NO,), 43%
4 (R= AcNH), 48% Me Me
J Ph ) Ph
N N
N-L_ OH N-\_ OH
Ph o Ph
Me 4m (R= C,Hs) 54% @ Me
N)IA(\ 4n (R= C4Hq) 57%
N-Np OH 40 (R= CigHs).55% 4r, 54% 4s, 58%
05 p (R=Bn),67%
R q (R= cyclopropy),65% Me
Ph
HN= o
4t, 55%

[a] Reaction conditions: 1 (0.1 mmol), 2 (0.2 mmol), I2 (0.02 mmol), NH4l (0.2
mmol), solvent (1.0 mL), under air in a sealed tube at 70 °C (oil bath) for 16 h.
[b] Isolated yield based on 2.

mixture of diacylcyclopropane and sulfonyl hydrazide had no
effect on the reaction efficiency, indicating that the reaction
process might not involve radical intermediates (Scheme 1, eq 2).
Furthermore, we also used Intermediate 5a alone to react under
standard conditions and found that the target product could not
be obtained. Combined with our previous screening experiments,
without adding any catalyst, only adding 2 equiv of sulfonyl
hydrazide can not get the target product (Scheme 1,eq 3).
Therefore, we exclude the catalysis of sulfonyl hydrazide.
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According to the results of the above control experiments, a
proposed pathway is illustrated (Scheme 2). Initially,
diacylcyclopropane 1 reacts with sulfonyl hydrazide to give
sulfonylhydrazone 6, which  undergoes intramolecular
condensation to offer 7. Then intermediate 7 reacts with iodine to
afford intermediate 8 and at the same time iodine is converted into
hypoiodic acid*?*3l, Due to the ring tension, 8 undergoes ring
opening to give 9, which is attacked by the previously removed
hydroxyl anion to give the desired product 3 or 4.

_NHTs
o N I (0.2 equiv.) Me
‘ - Ph
NHyl (2 equiv.) 7
Ph Me + TsNHNH, — -~ ~° o N/ | eq 1
CH3CN, 70 °C N OH
Ph
Ph Ts/
5a 2a o
0.1 mmol 0.1 mmol 3a, 74%
I (0.2 equiv.) Me
(o] (o] NHyl (2 equiv.) ) Ph
BHT (2 equiv.) N I
+ TsNHNH, ——— % N q2
Ph)XLMe CHsCN, 70 °C NN OH
Ph Ts
1a 2a o
0.1 mmol 0.1 mmol 3a, 80%
_NHTs
o N _
| 12 (0.2 equiv.)
Ph)X\Me NHy4l (2 equiv.)
_—
Ph CH4CN, 70 °C trace eq3
5a
0.1 mmol

Scheme 1. Control experiments.

Ts <
TsNHNH Me

NH
QP (o)\N 7 R!
RZ%MG %’ RZJX\Me — N Koon
2
R! H,0 R! Ts/ R
1 6 7

121,

HOI
Me ; Me Me
R R! 1
L e
\ OH \ EF
= N 2
R2 /N R2 OH ) R
Ts Ts Ts
3or4 9 8

Scheme 2. Proposed mechanism.

To demonstrate the practicality of this protocol, a gram-scale
reaction proceeded smoothly without apparent vyield loss
(Scheme 3). In the end, to indicate the synthetic utility of reaction,
we undertook a series of reactions using the representative
product 4a. The vinyl-bearing product 4a can form a vinyl o-
addition product 10 in 86% yield under the action of 2-generation
Grubbs catalyst. At the same time, the double bond can be
selectively reduced by H, and Pd/C, obtaining a double bond
reduction product 12 in 70% vyield, while 4a can undergo
intramolecular enol-type interconversion and isomerization to
carbonyl compound 11. In addition, it can also be selectively
oxidized to ketone by Dess-Martin oxidant to obtain oxidation
product 13 in 85% yield. Moreover, at high temperature, the group
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p-toluenesulfonyl can be easily removed, affording the compound
14 in 71% yield (Scheme 3).

o o 1, (0.2 equiv.) Me oh
TSNHNH NH,!l (2 equiv.) NG i
s — =T YN
Ph Me + 2 CH4CN, 70 °C N PhOH
Ph T8
1a,0.79 g 2a,1.12¢g 3a (0.93 g, 72%)

Methyl acrylate (10 equiv.) i
Grubbsll (2.5 mol %)

) - COOCH;
Phenol (0.5 equiv.) NNI OH (1)

Toluene, 110 °C, 30 min T Ph
s 10, 86%

Me
PdIC (1.5 equiv.), Hy Me
MeOH, 2 h NW N
rt., MeOH, N o + N OH 2)
¥ Ph 1w Ph
11, 25% 12, 70%
Me
Dess-Martin reagent (1.2 equiv.) 7 BN
DCM (2.0 mL), 1t, 1.5 h N 6 ®)
/" Ph
13,85 %
Me
DMSO (1.0mL) |\ » ] Ph @
120 °C, 1h N OH
W Ph

Scheme 3. Gram scale and synthetic transformations.

Conclusion

In conclusion, we have developed a highly effective strategy to
achieve iodine-catalyzed [3+2] cycloaddition of
diacylcyclopropanes with sulfonyl hydrazide. This reaction
tolerates a broad range of cyclopropyl ketones and sulfonyl
hydrazides to afford useful and densely functionalized pyrazole
derivatives with an hydroxy functional group. The easy handle
process, high synthetic value of resulting products, and intriguing
mechanism of the titled process render it not only conceptually
novel, but also synthetically useful.

Experimental Section

General Procedure for Synthesis of 3 or 4: To a solution of sulfonyl
hydrazide 2 (0.2 mmol) in CHsCN (1.0 mL) was added NHa4l (28.98 mg, 0.2
mmol), diacylcyclopropane 1 (0.1 mmol) and I2 (5.08 mg, 0.02 mmol). The
resulting mixture was stirred at 70 °C (oil bath) under air for 16 h, cooled
to room temperature, and purified by silica gel chromatography, eluting
with petroleum ether/ethyl acetate (10/1 to 5/1) to give mainly desired
product 3 or 4. 3a: *H NMR (300 MHz, CDCls) & 7.81 (d, J = 8.3 Hz, 2H),
7.52(dd, J = 6.5, 2.9 Hz, 2H), 7.40 — 7.33 (m, 3H), 7.29 (d, J = 8.2 Hz, 2H),
7.19-7.07 (m, 3H), 7.02 — 6.93 (m, 2H), 4.55 (t, J = 6.8 Hz, 1H), 2.95 (dd,
J=14.4,6.9 Hz, 1H), 2.77 (dd, J = 14.4, 6.7 Hz, 1H), 2.41 (s, 3H), 2.17 (s,
3H), 2.13 (s, 1H); 3C NMR (125 MHz, CDCI3) 8 155.4, 145.2, 143.2, 142.3,
135.4,132.5,129.9,128.7,128.5, 128.4, 128.3, 127.8, 127.7, 125.6, 116.8,
74.0, 33.7, 21.7, 11.2; HRMS (ESI) calcd for Ca2sH2sN203S* (M+H)*
433.1580, found 433.1579.
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Synthesis of 10: To a solution of 4a (38.25 mg, 0.1 mmol) in toluene (1.0
mL) was added methyl acrylate (86.09 mg, 1.0 mmol), phenol (4.70 mg,
0.05 mmol) and Grubbs2M catalyst (2.12 mg, 0.0025 mmol). The resulting
mixture was stirred at 110 “C (oil bath) under air for 30 min, cooled to room
temperature, and purified by silica gel chromatography, eluting with
petroleum ether/ethyl acetate (8:1) to give 10 in 86% yield. *H NMR (400
MHz, CDCl3) 6 7.88 (d, J = 8.3 Hz, 2H), 7.58 — 7.50 (m, 2H), 7.42 — 7.36
(m, 3H), 7.32 (d, J = 8.3 Hz, 2H), 6.79 — 6.73 (dd, J = 15.6, 4.8 Hz, 1H),
5.93 - 5.82 (dd, J = 15.6, 1.6 Hz, 1H), 4.29 — 4.19 (m, 1H), 3.71 (s, 3H),
2.82 —2.65 (m, 2H), 2.52 (s, 3H), 2.42 (s, 3H); *3C NMR (100 MHz, CDClz)
& 166.6, 155.2, 148.7, 145.5, 142.4, 135.0, 132.1, 130.0, 128.9, 128.6,
128.4,127.8,120.3, 116.0, 70.7, 51.7, 31.0, 21.8, 11.9; HRMS (ESI) calcd
for C23H2sN20sS* (M+H)* 441.1479, found 441.1480.

Synthesis of 11 and 12: To a solution of 4a (38.25 mg, 0.1 mmol) and
Pd/C (15.96 mg) in MeOH (1.0 mL) was stirred at room temperature under
1.0 atm hydrogen atmosphere. After being stirred for 2 h, the mixture was
filtrated through a pad of Celite and the filtration was concentrated in vacuo,
the residue was purified by silica gel chromatography, eluting with
petroleum ether/ethyl acetate (10:1) to give 11 and 12 in 25% and 70%
yield.11:*H NMR (300 MHz, CDCls) & 7.90 (d, J = 8.3 Hz, 2H), 7.46 — 7.36
(m, 5H), 7.34 (d, J = 7.8 Hz, 2H), 3.53 (s, 2H), 2.47 (s, 3H), 2.42 (s, 3H),
2.36 (q, J = 7.3 Hz, 2H), 0.99 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz,
CDClgs) 6 207.4, 155.3, 145.4, 142.3, 135.2, 132.0, 130.0, 128.8, 128. 6,
128.4, 127.9, 114.0, 37. 8, 35.4, 21.7, 11.8, 7.8; HRMS (ESI) calcd for
C21H23N203S* (M+H)* 383.1424, found 383.1426; 12: 'H NMR (300 MHz,
CDClz) 6 7.90 (d, J = 8.3 Hz, 2H), 7.64 — 7.54 (m, 2H), 7.44 — 7.36 (m, 3H),
7.32(d, J =8.2 Hz, 2H), 3.57 = 3.39 (m, 1H), 2.71 — 2.57 (m, 2H), 2.54 (s,
3H), 2.42 (s, 3H), 1.44 — 1.35 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H); 13C NMR
(125 MHz, CDClz) 6 155.4, 145.3, 141.9, 135.3, 132.5, 129.9, 128.7, 128.5,
128.4, 127.9, 117.5, 73.0, 31.3, 29.8, 21.7, 11.8, 9.8; HRMS (ESI) calcd
for C21H2sN203S* (M+H)* 385.1580, found 385.1582.

Synthesis of 13: To a solution of 4a (38.25 mg, 0.1 mmol) in CH2Cl2 (2.0
mL) was added Dess-Martin reagent (50.90 mg, 0.12 mmol). The resulting
mixture was stirred at room temperature for 1.5 h, and purified by silica gel
chromatography, eluting with petroleum ether/ethyl acetate (10:1) to give
13 in 85% yield. *H NMR (300 MHz, CDClz) 6 7.90 (d, J = 8.2 Hz, 2H), 7.44
—7.35(m, 5H), 7.32 (d, J = 8.0 Hz, 2H), 6.42 — 6.12 (m, 2H), 5.81 (dd, J =
10.1, 1.4 Hz, 1H), 3.71 (s, 2H), 2.46 (s, 3H), 2.42 (s, 3H); 13C NMR (75
MHz, CDClz) 6 196.1, 155.4, 145. 5, 142.6, 135.2, 135.1, 131.9, 130.0,
129.4, 128.8, 128.6, 128.4, 127.8, 113.5, 35.5, 21.7, 11.8; HRMS (ESI)
calcd for C21H21N203S* (M+H)* 381.1267, found 381.1269.

Synthesis of 14: To a solution of 3a (43.25 mg, 0.1 mmol) in DMSO (1.0
mL). The resulting mixture was stirred at 120 C for 1 h, cooled to room
temperature, and purified by silica gel chromatography, eluting with
petroleum ether/ethyl acetate (3:1) to give 14 in 71% yield. *H NMR (500
MHz, DMSO-ds) 6 7.59 (d, J = 7.6 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.33
(t, J=7.5Hz, 1H), 7.24 (t, J = 7.2 Hz, 2H), 7.21 — 7.14 (m, 3H), 4.58 (t, J
= 6.8 Hz, 1H), 2.91 (dd, J = 14.3, 7.2 Hz, 1H), 2.71 (dd, J = 14.3, 6.6 Hz,
1H), 1.90 (s, 3H); *3C NMR (125 MHz, CDCls) 6 144.0, 132.3, 128.7, 128.3,
128.0, 127.9, 127.5, 125.8, 111.4, 74.3, 33.9, 10.7; HRMS (ESI) calcd for
C18H19N20* (M+H)* 279.1492, found 279.1496.

10.1002/ejoc.202000496

WILEY-VCH

Acknowledgements

This work was financially supported by the National Natural
Science Foundation of China (Grant Nos. 21102179 and
21572271), Qing Lan Project of Jiangsu Province, and the
“Double  First-Class” University project (CPU2018GY35,
CPU2018GF02) and Postgraduate Scientific = Research
Innovation Projects of Jiangsu Province (KYCX19_0624).

Keywords: lodine catalysis ¢ Cycloaddition ¢« Ring opening *
Pyrazole derivatives

[1] a) E. Arbagiauskiené, G. Vilkauskaité, G. A. Eller, W. Holzer, A. Sagkus,
Tetrahedron 2009, 65, 7817-7824; b) S. Ishibuchi, H. Morimoto, T. Oe, T.
Ikebe, H. Inoue, A. Fukunari, M. Kamezawa, |. Yamada, Y. Naka, Bioorg.
Med. Chem. Lett. 2001, 11, 879-882; c) C. Lamberth, Heterocycles, 2007,
71, 1467-1502; d) P. Fricero, L. Bialy, A. W. Brown, W. Czechtizky, M.
Méndez, J. P. A. Harrity, J. Org. Chem. 2017, 82, 1688-1696.

[2] E. Yen-Pon, P. A. Champagne, L. Plougastel, S. Gabillet, P. Thuery, M.
Johnson, G. Muller, G. Pieters, F. Taran, K. N. Houk, D. Audisio, J. Am.
Chem. Soc. 2019, 141,1435-1440.

[3] E.P.Coutanta, Y. L. Janin, Synthesis. 2015, 47, 511-516.

[4] W. Huang, M. A. Hulverson, R. Choi, S. L. M. Arnold, Z. Zhang, M. C.
McCloskey, G. R. Whitman, R. C. Hackman, K. L. Rivas, L. K. Barrett, K.
K. Ojo, W. C. V. Voorhis, E. Fan, J. Med. Chem. 2019, 62, 3135-3146.

[5] G. R. Bebernitz, G. Argentieri, B. Battle, C. Brennan, B. Balkan, B. F.
Burkey, M. Eckhardt, J. Gao, P. Kapa, R. J. Strohschein, H. F. Schuster,
M. Wilson, David D. Xu, J. Med. Chem. 2001, 44, 2601-2611.

[6] H. M. Lehmann, M. L. Hourani, S. Guillou, O. Helynck, G. Zanghi, A. Noel,
F. Tangy, P. O. Vidalain, Y. L. Janin, J. Med. Chem. 2015, 58, 860-877.

[7] For selected examples, see: a) S. Fustero, M. Sanchez-Rosell6, P. Barrio,
A. Simén-Fuentes, Chem. Rev. 2011, 111, 6984-7034; b) S. Dadiboyena,
A. Nefzi, Eur. J. Med. Chem. 2011, 46, 5258-5275; c) S. Fustero, A. Simén-
Fuentes, J. F. Sanz-Cervera, Org. Prep. Proced. Int. 2009, 41, 253-290;
d) A. Prieto, D. Bouyssi, N. Monteiro, ACS Catal. 2016, 6, 7197-7201; e) X.
Deng, N. S. Mani, Org. Lett. 2006, 8, 3505-3508; f) H. Kawai, Z. Yuan, E.
Tokunaga, N. Shibata, Org. Lett. 2012, 14, 5330-5333; g) W. Wei, Y. Tang,
Y. Zhou, G. Deng, Z. Liu, J. Wu, Y. Li, J. Zhang, S. Xu, Org. Lett. 2018, 20,
6559-6563; h) O. V. Kokoreva, E. B. Averina, O. A. Ivanova, S. I.
Kozhushkov, T. S. Kuznetsova, Chem. Het. Comp. 2001, 37, 834-839; i) N.
S. Zefirov, S. I. Kozhushkov, T. S. Kuznetsova, Chem. Het. Comp. 1983,
19, 644-650; j) N. S. Zefirov, S. I. Kozhushkov, T. S. Kuznetsova, B. A.
Ershoyv, S. I. Selivanov, Tetrahedron 1986, 42, 709-713; k) N. S. Zefirov, S.
|. Kozhushkov, T. S. Kuznetsova, Tetrahedron 1982, 38, 1693-1697.

[8] a) R. Brgckner in Comprehensive Organic Synthesis, Vol. 6 (Eds.: B. M.
Trost), Pergamon, New York, 1991, pp. 873; b) R. K. Hill in Comprehensive
Organic Synthesis, Vol. 5 (Eds.: B. M. Trost), Pergamon, New York, 1991,
pp. 785; c) P. Wipf in Comprehensive Organic Synthesis, Vol. 5 (Eds.: B.
M. Trost), Pergamon, NewYork, 1991, pp. 827.

[9] a) In Comprehensive Organic Synthesis 2nd edition, Vol. 1-2 (Eds.: P.
Knochel, G. A. Molander), Elsevier, Amsterdam, 2014; b) H. Shinokubo, K.
Oshima, Eur. J. Org. Chem. 2004, 10, 2081-2091.

[10] P. Finkbeiner, B. J. Nachtsheim, Synthesis, 2013, 45, 0979-0999.

[11] X. Zhang, J. Kang, P. Niu, J. Wu, W. Yu, J. Chang, J. Org. Chem. 2014, 79,
10170-10178.

[12] Y. Bao, X. Yang, Q. Zhou, F. Yang, Org. Lett. 2018, 20, 1966-1969.
[13] Y. Bao, X. Yang, Z. Dai, S. Ji, Q. Zhou, F. Yang, Adv. Synth. Catal. 2019,
361, 2154-2158.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

Entry for the Table of Contents

I, (0.2 equiv.)
NHyl (2 equiv.)

R2 + RNHNH2
CH4CN, 70 °C

R'l
R' = aryl, alkyl, vinyl, H

R? = aryl, alkyl R = aryl, alkyl,H
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41 examples
up to 88% yield

Heterocycles Synthesis: lodine-catalyzed ring opening of 1,1-diacylcyclopropanes for synthesis of fully substituted pyrazole
derivatives have been reported. This reaction tolerates a broad range of cyclopropyl ketones and sulfonyl hydrazides to afford useful

and densely functionalized pyrazole derivatives with an hydroxy functional group.
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