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Efficient and divergent synthesis of fully substituted isoxazoles and spiro-fused pyrazolin-5-ones is
developed from cyclopropyl oximes based on selection of reaction conditions. Under Appel conditions
(PPh3/CBr4), substituted isoxazoles were synthesized from cyclopropyl oximes via a ring-opening and
intramolecular cyclization process, whereas by treatment of cyclopropyl oximes with p-toluenesulfonyl
chloride in the presence of potassium hydroxide, spiro-fused pyrazolin-5-ones were obtained via tandem
ketoxime tosylation and intramolecular cyclization.

� 2011 Elsevier Ltd. All rights reserved.
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Scheme 1. Reactions of 1-carbamoyl,1-oximyl cyclopropanes.
1. Introduction

Five-membered nitrogen-containing heterocycles have received
intensive research interestsdue totheirbiological activities,and found
a wide range of applications in pharmaceutical and agrochemistry.1

Among them, the isoxazole and pyrazolin-5-one motifs make up the
core structures of numerous natural products and biologically active
synthetic compounds.2,3 General methods for their synthesis involve
the intermolecular annulation of appropriately substituted 1,3-
dicarbonyl compounds and their equivalents with hydroxylamine4

or hydrazines.5 Nevertheless, to match the increasing scientific and
practical demand for isoxazoles and pyrazolin-5-ones, novel and ef-
ficient synthetic approach for the construction of these heterocyclic
skeletons, especially those with wide applicability to achieve more
elaborate and flexible substitution patterns, is still desirable.

On the other hand, cyclopropanes are extremely versatile syn-
thetic intermediates for their ready accessibility and good reactivity
originating from their inherent ring strain, which can lead to a va-
riety of ring-opening or ring-expanding reactions under the in-
fluence of a wide range of chemicals, such as electrophiles,
nucleophiles, and radicals.6,7 During the course of our studies on
the synthesis of carbo- and heterocycles from b-oxo amide de-
rivatives,8 we achieved one-pot synthesis of 2,3-dihydrofurans and
pyridine-2(1H)-ones from 1-carbamoyl cyclopropanes.9 Our recent
researches have demonstrated the synthetic potential of 1-
carbamoyl,1-oximyl cyclopropanes 1 in the construction of iso-
xazoles (Scheme 1, path A),10 1H-pyrazoles (Scheme 1, path B),10

and spiro-fused pyrazolin-5-one N-oxides (Scheme 1, path C).11
x: þ86 431 85098635 (D.D.);
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In connection with these studies and our continuing interest in
the further synthetic potential of cyclopropyl oximes 1, we exam-
ined their reactivity toward varied dehydration agents. As a result,
we developed an efficient and divergent synthesis of isoxazoles 2
(Scheme 1, path D) and spiro-fused pyrazolin-5-ones 3 (Scheme 1,
path E) under very mild conditions. Herein, we wish to report our
experimental results and present proposed mechanisms involved
in the ring-opening and/or cyclization reactions.
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2. Results and discussion

2.1. Synthesis of fully substituted isoxazoles

Appel agents (PPh3/CX4, X¼Cl, Br) have been extensively used in
dehydration, halogenation, and PeN linking reactions.12 Their ef-
ficient utilization in organic synthesis relies on their extremely
mild reaction conditions required, easy handling, reactivity similar
to aggressive, and readily hydrolyzed acid chlorides, such as PCl5,
POCl3, and thionyl chloride. Recently, Shi and co-workers in-
vestigated the reactions of varied cyclopropyl amides with PPh3/
CX4 and synthesized substituted benzoxazoles, pyrrolidin-2-ones,
and oxadiazoles.13

In the present work, the reaction of 1-[1-(hydroxyimino)ethyl]-
N-phenylcyclopropanecarboxamide 1a with PPh3 (2.0 equiv) and
CBr4 (1.0 equiv) was first attempted in acetonitrile at room tem-
perature. As indicated by TLC, the substrate 1a was consumed
within 20 min. The reaction proceeded smoothly and furnished one
product after workup and purification by column chromatography.
From the spectral and analytical data, the product was character-
ized as 4-(2-bromoethyl)-3-methyl-N-phenyl isoxazol-5-amine 2a
(89% yield, Scheme 2).
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Scheme 2. The reaction of 1a with PPh3/CX4.
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The reaction conditions, including reaction temperature, sol-
vent, and the ratio of 1a to PPh3 and CBr4, were then investigated. A
series of experiments revealed that 1.0 equiv of PPh3 and CBr4 were
sufficient for the synthesis of 2a and acetonitrile was the best sol-
vent among those tested, and the optimal results were obtained
when the reaction of 1a was performed with PPh3 (1.1 equiv) and
CBr4 (1.0 equiv) in acetonitrile at room temperature for 30 min,
whereby the yield of 2a reached 90% (Table 1, entry 1). It should be
mentioned that when treatment of 1a with PBr3 in dichloro-
methane followed our previous reported procedure,10 isoxazole 2a
could be obtained but in lower yield (<45%) along with some in-
separable byproducts.
Table 1
The reactions of cyclopropyl oximes 1 with PPh3/CBr4a

R1

N

R2

O

1

HO N O

R1

CH2CH2Br

R2PPh3/CBr4

CH3CN, r

2

t

Entry 1 R1 R2 Time (min) 2 Yieldb (%)

1 1a Me PhNH 30 2a 90
2 1b Me 2-MeC6H4NH 40 2b 93
3 1c Me 2-MeOC6H4NH 50 2c 91
4 1d Me 4-MeC6H4NH 40 2d 94
5 1e Me 4-MeOC6H4NH 35 2e 90
6 1f Me 4-ClC6H4NH 50 2f 87
7 1g Me 2,4-Me2C6H3NH 50 2g 93
8 1h Ph EtO 300 2h 75

a Reagents and conditions: 1 (1.0 mmol), PPh3 (1.1 mmol), CBr4 (1.0 mmol),
CH3CN (5.0 mL), rt.

b Isolated yield.
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Scheme 3. Plausible mechanism of the reaction of cyclopropyl oximes 1 with PPh3/
CBr4.
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Scheme 4. The reaction of 1a with TsCl/KOH in CH3CN.
Having established the optimal conditions for the isoxazole
synthesis, we intended to determine its scope with respect to the
amide motif. Thus, a series of cyclopropyl oximes 1beg were sub-
jected to PPh3/CBr4 under the identical conditions, all the reactions
proceeded smoothly to afford the corresponding isoxazoles 2 in
good to excellent yields (Table 1, entries 2e7). As shown in Table 1,
the ring-opening and cyclization reaction proved to be suitable for
cyclopropyl oximes 1beg bearing varied arylamide groups. The
versatility of this isoxazole synthesis was further evaluated by
performing reaction of cyclopropyl ester 1h with PPh3/CBr4 (Table
1, entry 8). In this case, the corresponding substituted isoxazole
2hwas obtained in good yield, albeit with prolonged reaction time.
However, when 1awas subjected to another Appel agent PPh3/CCl4
under the otherwise identical conditions, no reactionwas observed
as indicated by TLC. Upon treatment of 1a with 1.5 equiv of PPh3
and 1.0 equiv of CCl4 under reflux for 10 h in acetonitrile, the re-
action proceeded and furnished a product, whichwas characterized
as 4-(2-chloroethyl)-3-methyl-N-phenyl isoxazol-5-amine 2a0 on
the basis of its spectral and analytical data (85% yield, Scheme 2).
Indeed, isoxazole 2a0 was synthesized in our previous work by the
reaction of 1a with POCl3 in dichloromethane.10 Therefore, we
provided an alternative approach for the synthesis of substituted
isoxazole of type 2.

On the basis of the obtained results together with the related
reports,12f�i a plausible mechanism for the synthesis of substituted
isoxazoles 2 is presented in Scheme 3. The conversion involves the
interaction of PPh3 with CBr4 to form the intermediate A, which
reacts with cyclopropyl oxime 1 to produce an oxyphosphonium
intermediate C. Bromide anion attacks the intermediate C0 and
triggers a ring-opening reaction and subsequent intramolecular
cyclization to afford isoxazole 2 bearing a bromoethyl substituent,
with elimination of triphenylphosphine oxide (Ph3PO).
2.2. Synthesis of spiro-fused pyrazolin-5-ones

In the next study, we examined the reaction behavior of cyclo-
propyl oximes 1 toward another dehydration and halogenation
agent, p-toluenesulfonyl chloride (TsCl).14,15 The reaction of 1awith
TsCl (1.1 equiv) was then performed in acetonitrile in the presence
of potassium hydroxide (2.0 equiv). As monitored by TLC, the
substrate 1a was consumed within 2.0 h. After workup and puri-
fication by column chromatography, the reaction furnished a white
solid, which was characterized as 7-methyl-5-phenyl-5,6-
diazaspiro[2.4]hept-6-en-4-one 3a rather than an isoxazole on
the basis of its spectral and analytical data (Scheme 4).16
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The reaction conditions, including solvent, base, and the feed ratio
of 1a/TsCl/base were evaluated. After extensive experiments, the
best results were obtained when the reaction between 1a and TsCl
(1.0 equiv) was conducted in dichloromethane in the presence of
potassium hydroxide (2.0 equiv) at room temperature for 40 min,
whereby the yield of 3a reached 92% (Table 2, entry 1).
Table 2
The reaction of cyclopropyl oximes 1 with TsCl/KOH in CH2Cl2a

N

NHAr

O N

O

N
Ar

TsCl/KOH
HO

1 3

CH2Cl2, r t

Entry 1 Ar Time (min) 3 Yieldb (%)

1 1a Ph 40 3a17 92
2 1b 2-MeC6H4 60 3b 90
3 1c 2-MeOC6H4 75 3c 88
4 1d 4-MeC6H4 50 3d17a 93
5 1e 4-MeOC6H4 60 3e 91
6 1f 4-ClC6H4 80 3f17a 85
7 1g 2,4-Me2C6H3 90 3g 91

a Reagents and conditions: 1 (1.0mmol), KOH (2.0 mmol), TsCl (1.0 mmol), CH2Cl2
(10 mL), rt.

b Isolated yield.
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Scheme 6. Plausible mechanism of the reaction of cyclopropyl oximes 1 with TsCl/
KOH in CH2Cl2.
Under the optimal conditions as for 3a (Table 2, entry 1), a range
of reactions of cyclopropyl oximes 1beg with TsCl (1.0 equiv) were
carried out in the presence of potassium hydroxide (2.0 equiv) in
CH2Cl2 at room temperature. As summarized in Table 2, the effi-
ciency and synthetic interest of the cyclization reaction were
demonstrated with respect to cyclopropyl oximes 1beg bearing
varied electron-withdrawing and electron-donating arylamide
groups to afford the corresponding spiro-fused pyrazolin-5-ones
3beg. The structure of 3e was further confirmed by single-crystal
X-ray diffraction analysis (Fig. 1). Thus, we provided an efficient
and facile synthesis of spiro-fused pyrazolin-5-ones.
Fig. 1. The ORTEP drawing of 3e.
With the aim to exploring the utility of the pyrazolin-5-one
synthesis protocol, we prepared acyclic oxime, 2,2-diethyl-3-
(hydroxyimino)-N-phenylbutanamide 4a, and subjected it to the
identical conditions as for 3a in Table 2 (entry 1). To our de-
lighted, substituted pyrazolin-5-one 5a was obtained in 82% yield
(Scheme 5),18 which suggested that the spiro-fused pyrazolin-5-
one synthesis could be expanded to the synthesis of more gen-
eral pyrazolin-5-ones with more elaborate and flexible sub-
stitution patterns.
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Scheme 5. The reaction of oxime 4a with TsCl/KOH in CH2Cl2.
It was interesting to note that TsCl, being a dehydration and
halogenation agent, showed different reaction behavior from Appel
reagent, PPh3/CX4. On the basis of the obtained results together
with the related reports, a plausible mechanism for the synthesis of
spiro-fused pyrazolin-5-ones 3 is depicted in Scheme 6. It was as-
sumed that the transformation commenced from the tosylation of
cyclopropyl oxime 1, followed by an intramolecular cyclization of
the intermediate D to afford spiro-fused pyrazolin-5-one 3with the
elimination of p-toluenesulfonic acid.
3. Conclusions

In summary, an efficient and divergent synthesis of fully
substituted isoxazoles2andspiro-fusedpyrazolin-5-ones3hasbeen
developed from readily available 1-carbamoyl,1-cyclopropyl oximes
1. Under Appel conditions (PPh3/CBr4), oximes 1were converted into
isoxazoles 2 via a ring-opening and intramolecular cyclization pro-
cess. Treatment of oximes 1 with p-toluenesulfonyl chloride in the
presence of potassium hydroxide, spiro-fused pyrazolin-5-ones 3
were obtained via tandem ketoxime tosylation and intramolecular
cyclization, which could be expanded to the synthesis of general
pyrazolin-5-ones with more elaborate and flexible substitution
patterns. The protocol is associatedwith readily available substrates,
mild conditions, highyields, simpleexecution, andeasycontrol of the
reaction orientation by reaction conditions selection.

4. Experimental

4.1. General information

All reagents were purchased from commercial sources and used
without treatment, unless otherwise indicated. The products were
purified by column chromatography over silica gel. 1H NMR and 13C
NMR spectra were recorded at 500 MHz and 125 MHz, respectively,
with TMS as internal standard at 25 �C. IR spectra (KBr) were recor-
ded on FTIR-spectrophotometer in the range of 400e4000 cm�1.
Elemental analyses were carried out on a PerkineElmer PE-2400
analyzer.

4.2. Synthesis of fully substituted isoxazoles

4.2.1. Typical procedure for the preparation of 2 (with 2a as an ex-
ample). To a well-stirred solution of PPh3 (1.1 mmol) and CBr4
(1.0 mmol) in acetonitrile (5.0 mL), was added 1a (1.0 mmol) in one
portion. The reaction mixture was stirred at room temperature for
30 min. After 1a was consumed (monitored by TLC), the resulting
mixture was poured into water (25 mL) and extracted with CH2Cl2
(3�20 mL). The combined organic phase was washed with water
(3�20 mL), dried over MgSO4, filtered, and concentrated in vacuo.
The crude product was purified by flash column chromatography
(silica gel, petroleum ether/ethyl acetate¼10:1) to give 2a as
a white solid (0.25 g, 90%).

4.2.2. Physical data of compounds 2.
4.2.2.1. 4-(2-Bromoethyl)-3-methyl-N-phenylisoxazol-5-amine

(2a). White solid: mp 136e138 �C; 1H NMR (500 MHz, CDCl3)
d¼2.23 (s, 3H), 2.86 (t, J¼7.0, 2H), 3.43 (t, J¼7.0, 2H), 6.42 (s, 1H),
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7.02 (t, J¼7.5, 1H), 7.12 (d, J¼8.0, 2H), 7.29e7.32 (m, 2H); 13C NMR
(125 MHz, CDCl3) d¼10.6, 25.8, 32.4, 95.0, 117.2, 122.3, 129.4, 139.7,
160.6, 162.5; IR (KBr) 3296, 3206, 3110, 3041, 2966, 2925, 1648,
1589, 1530, 1480, 1304, 1225, 1173, 751, 706 cm�1; Anal. Calcd for
C12H13BrN2O: C, 51.26; H, 4.66; N, 9.96. Found: C, 51.34; H, 4.69; N,
9.94.

4.2.2.2. 4-(2-Bromoethyl)-3-methyl-N-o-tolylisoxazol-5-amine
(2b). White solid: mp 83e84 �C; 1H NMR (500 MHz, CDCl3) d¼2.22
(s, 3H), 2.29 (s, 3H), 2.83 (t, J¼6.5, 2H), 3.42 (t, J¼6.5, 2H), 6.25 (s,
1H), 6.96e6.99 (m, 1H), 7.16e7.19 (m, 2H), 7.22 (d, J¼8.0, 1H); 13C
NMR (125 MHz, CDCl3) d¼10.6, 17.8, 25.9, 33.0, 95.3, 117.9, 122.9,
126.3, 127.1, 130.8, 138.0, 160.7, 163.0; Anal. Calcd for C13H15BrN2O:
C, 52.90; H, 5.12; N, 9.49. Found: C, 53.01; H, 5.14; N, 9.45.

4.2.2.3. 4-(2-Bromoethyl)-N-(2-methoxyphenyl)-3-methyl iso-
xazol-5-amine (2c). White solid: mp 85e86 �C; 1H NMR (500 MHz,
CDCl3) d¼2.22 (d, J¼1.0, 3H), 2.88 (t, J¼6.5, 2H), 3.45 (t, J¼6.5, 2H),
3.91 (d, J¼1.5, 3H), 6.87e6.89 (m, 1H), 6.92e6.96 (m, 2H), 7.00 (s,
1H), 7.53 (dd, J1¼6.5, J2¼2.0,1H); 13C NMR (125MHz, CDCl3) d¼10.6,
25.9, 32.3, 55.8, 94.4, 110.2, 115.6, 121.3, 121.7, 129.3, 147.1, 160.3,
162.6; IR (KBr) 3388, 3073, 3018, 2967, 2931, 1649, 1598, 1528, 1462,
1244, 1114, 1027, 744 cm�1; Anal. Calcd for C13H15BrN2O2: C, 50.18;
H, 4.86; N, 9.00. Found: C, 50.27; H, 4.91; N, 8.96.

4.2.2.4. 4-(2-Bromoethyl)-3-methyl-N-p-tolylisoxazol-5-amine
(2d). White solid: mp 141e143 �C; 1H NMR (500 MHz, CDCl3)
d¼2.21 (s, 3H), 2.30 (s, 3H), 2.83 (t, J¼7.0, 2H), 3.40 (t, J¼7.0, 2H),
6.44 (s, 1H), 7.03e7.04 (m, 2H), 7.10 (d, J¼8.5, 2H); 13C NMR
(125 MHz, CDCl3) d¼10.5, 20.6, 25.8, 32.3, 94.0, 117.7, 129.9, 132.1,
137.0, 160.6, 162.9; IR (KBr) 3285, 3204, 3091, 3033, 2991, 2943,
1643, 1589, 1519, 1480, 1236, 816 cm�1; Anal. Calcd for
C13H15BrN2O: C, 52.90; H, 5.12; N, 9.49. Found: C, 52.78; H, 5.13; N,
9.55.

4.2.2.5. 4-(2-Bromoethyl)-N-(4-methoxyphenyl)-3-methyl iso-
xazol-5-amine (2e). White solid: mp128e129 �C; 1H NMR
(500 MHz, CDCl3) d¼2.20 (s, 3H), 2.80 (t, J¼7.0, 2H), 3.37 (t, J¼7.0,
2H), 3.80 (s, 3H), 6.34 (s, 1H), 6.86 (d, J¼9.0, 2H), 7.10 (d, J¼9.0, 2H);
13C NMR (125 MHz, CDCl3) d¼10.6, 25.8, 32.4, 55.6, 92.7, 114.6,
120.4, 132.4, 155.7, 160.7, 163.3; IR (KBr) 3294, 3209, 3101, 2969,
2833, 1643, 1592, 1511, 1491, 1247, 1035, 824 cm�1; Anal. Calcd for
C13H15BrN2O2: C, 50.18; H, 4.86; N, 9.00. Found: C, 50.30; H, 4.82; N,
8.93.

4.2.2.6. 4-(2-Bromoethyl)-N-(4-chlorophenyl)-3-methylisoxazol-
5-amine (2f). White solid: mp 113e115 �C; 1H NMR (500 MHz,
CDCl3) d¼2.22 (s, 3H), 2.87 (t, J¼6.0, 2H), 3.44 (t, J¼6.0, 2H), 6.64 (s,
1H), 7.07 (d, J¼8.0, 2H), 7.24 (d, J¼8.0, 2H); 13C NMR (125 MHz,
CDCl3) d¼10.5, 25.7, 32.5, 95.3, 118.3, 127.2, 129.3, 138.4, 160.6,
162.1; IR (KBr) 3287, 3218, 3099, 3028, 2989, 1642, 1517, 1484, 1466,
1401, 1303, 1230, 820, 798 cm-1; Anal. Calcd for C12H12BrClN2O: C,
45.67; H, 3.83; N, 8.88. Found: C, 45.52; H, 3.79; N, 8.97.

4.2.2.7. 4-(2-Bromoethyl)-N-(2,4-dimethylphenyl)-3-methyl iso-
xazol-5-amine (2g). White solid: mp 114e115 �C; 1H NMR
(500 MHz, CDCl3) d¼2.20 (s, 3H), 2.25 (s, 3H), 2.29 (s, 3H), 2.78 (t,
J¼6.5, 2H), 3.37 (t, J¼6.5, 2H), 6.13 (s, 1H), 6.98 (d, J¼8.0, 1H), 7.00 (s,
1H), 7.12 (d, J¼8.0,1H); 13C NMR (125MHz, CDCl3) d¼10.6,17.8, 20.7,
25.9, 32.9, 93.9, 119.3, 127.5, 131.5, 133.1, 135.1, 160.8, 163.4; Anal.
Calcd for C14H17BrN2O: C, 54.38; H, 5.54; N, 9.06. Found: C, 54.48; H,
5.59; N, 8.98.

4.2 .2.8 . 4-(2-Bromoethyl)-5-ethoxy-3-phenylisoxazole
(2h). Colorless liquid; 1H NMR (500 MHz, CDCl3) d¼1.44 (t, J¼7.0,
3H), 3.04 (t, J¼7.0, 2H), 3.65 (t, J¼7.0, 2H), 4.30 (q, J¼7.0, 2H),
7.40e7.44 (m, 3H), 7.90e7.92 (dd, J1¼8.0, J2¼1.5, 2H); 13C NMR
(125 MHz, CDCl3) d¼15.1, 28.8, 30.9, 70.6, 115.4, 125.4, 127.6, 128.7,
129.7, 152.6,154.9; Anal. Calcd for C13H14BrNO2: C, 52.72; H, 4.76; N,
4.73. Found: C, 52.55; H, 4.77; N, 4.68.

4.3. Synthesis of spiro-fused pyrazolin-5-ones

4.3.1. Typical procedure for the preparation of 3 (with 3a as an ex-
ample). To a 50 mL round-bottomed flask was added CH2Cl2
(10 mL), 1a (1.0 mmol) and KOH (2.0 mmol). The mixture was
stirred at room temperature for 10 min, to which was then added
tosyl chloride (1.0 mmol). The reaction mixture was stirred at room
temperature for 30 min. After 1a was consumed (monitored by
TLC), the resulting mixture was poured into water (25 mL) and
extracted with CH2Cl2 (3�20 mL). The combined organic phase was
washed with water (3�20 mL), dried over MgSO4, filtered, and
concentrated in vacuo. The crude product was purified by flash
column chromatography (silica gel, petroleum ether/ethyl
acetate¼8:1) to give 3a as a white solid (0.18 g, 92%).

4.3.2. Physical data of compounds 3.
4.3.2.1. 7-Methyl-5-phenyl-5,6-diazaspiro[2.4]hept-6-en-4-one

(3a). White solid: mp 71e72 �C; 1H NMR (500 MHz, CDCl3)
d¼1.66e1.68 (m, 2H), 1.77e1.79 (m, 2H), 1.98 (s, 3H), 7.17 (t, J¼7.5,
1H), 7.39e7,42 (m, 2H), 7.92e7.94 (m, 2H); 13C NMR (125 MHz,
CDCl3) d¼12.5, 18.7, 33.7, 118.6, 124.7, 128.7, 138.6, 159.8, 172.4; IR
(KBr) 3389, 3009, 2953, 2917, 1964, 1707, 1592, 1502, 1456, 1362,
1176, 984, 758, 715, 690 cm�1; Anal. Calcd for C12H12N2O: C, 71.98;
H, 6.04; N, 13.99. Found: C, 71.83; H, 6.10; N, 14.07.

4.3.2.2. 7-Methyl-5-o-tolyl-5,6-diazaspiro[2.4]hept-6-en-4-one
(3b). White solid: mp 54e55 �C; 1H NMR (500 MHz, CDCl3)
d¼1.65e1.67 (m, 2H), 1.75e1.77 (m, 2H), 1.93 (s, 3H), 2.28 (s, 3H),
7.24e7.28 (m, 3H), 7.32e7.33 (m, 1H); 13C NMR (125 MHz, CDCl3)
d¼12.6, 18.4, 18.5, 32.5, 126.5, 126.6, 128.2, 131.0, 135.1, 136.3, 159.6,
172.9; Anal. Calcd for C13H14N2O: C, 72.87; H, 6.59; N, 13.07. Found:
C, 72.96; H, 6.54; N, 13.12.

4.3.2.3. 5-(2-Methoxyphenyl)-7-methyl-5,6-diazaspiro[2.4]hept-
6-en-4-one (3c). White solid: mp 138e139 �C; 1H NMR (500 MHz,
CDCl3) d¼1.67 (t, J¼4.0, 2H), 1.78 (t, J¼4.0, 2H), 1.96 (s, 3H), 3.85 (s,
3H), 7.00e7.02 (m, 2H), 7.34e7.36 (m, 2H); 13C NMR (125 MHz,
CDCl3) d¼12.5, 18.4, 32.3, 55.8, 112.2, 120.6, 126.0, 128.4, 129.6,
154.9, 159.3, 173.3; IR (KBr) 3388, 3090, 3076, 2969, 2920, 2841,
1909, 1706, 1596, 1503, 1468, 1381, 1278, 1244, 1176, 1122, 1107, 757,
742 cm�1; Anal. Calcd for C13H14N2O2: C, 67.81; H, 6.13; N, 12.17.
Found: C, 67.94; H, 6.17; N, 12.12.

4.3.2.4. 7-Methyl-5-p-tolyl-5,6-diazaspiro[2.4]hept-6-en-4-one
(3d). White solid: mp 102e103 �C; 1H NMR (500 MHz, CDCl3)
d¼1.63e1.66 (m, 2H), 1.74e1.77 (m, 2H), 1.97 (s, 3H), 2.34 (s, 3H),
7.20 (d, J¼8.5, 2H), 7.79 (d, J¼8.5, 2H); 13C NMR (125 MHz, CDCl3)
d¼12.6, 18.7, 20.9, 33.7, 118.7, 129.3, 134.3, 136.3, 159.7, 172.3; IR
(KBr) 2992, 2918, 2861, 1918, 1697, 1612, 1516, 1445, 1362, 1170, 983,
852 cm�1; Anal. Calcd for C13H14N2O: C, 72.87; H, 6.59; N, 13.07.
Found: C, 72.75; H, 6.67; N, 13.16.

4.3.2.5. 5-(4-Methoxyphenyl)-7-methyl-5,6-diazaspiro[2.4]hept-
6-en-4-one (3e). White solid: mp 71e72 �C; 1H NMR (500 MHz,
CDCl3) d¼1.66 (t, J¼4.0, 2H), 1.75 (t, J¼4.0, 2H), 1.96 (s, 3H), 3.81 (s,
3H), 6.92e6.94 (m, 2H), 7.79e7.81 (m, 2H); 13C NMR (125 MHz,
CDCl3) d¼12.4, 18.6, 33.5, 55.3, 113.8, 120.4, 132.0, 156.6, 159.6,
172.0; IR (KBr) 3107, 3018, 2960, 2930, 2837, 1895, 1689, 1601, 1578,
1508, 1445, 1360, 1294, 1248, 1166, 1031, 989, 835 cm�1; Anal. Calcd
for C13H14N2O2: C, 67.81; H, 6.13; N, 12.17. Found: C, 67.93; H, 6.08;
N, 12.23. Crystal data: C13H14N2O2.
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Colorless crystal,M¼230.11, Orthorhombic, Pbca, a¼8.4987(7)�A,
b¼12.3021(10)�A, c¼22.5908(17)�A, a¼90.00�, b¼90.00�, g¼90.00�,
V¼2361.9(3) �A3, Z¼8, T¼293(2), F000¼1024, R1¼0.0638,
wR2¼0.1278. CCDC deposition number: 781729. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrie-
ving.html (or from the Cambridge Crystallographic Data Center, 12
Union Road, Cambridge CB21EZ, UK; fax: (þ44) 1223 336 033; or
deposit@ccdc.cam.ac.uk).

4.3.2.6. 5-(4-Chlorophenyl)-7-methyl-5,6-diazaspiro[2.4]hept-6-
en-4-one (3f). White solid: mp 121e122 �C; 1H NMR (500 MHz,
CDCl3) d¼1.68 (t, J¼4.0, 2H),1.77 (t, J¼4.0, 2H),1.98 (s, 3H), 7.34e7.36
(m, 2H), 7.90e7.92 (m, 2H); 13C NMR (125MHz, CDCl3) d¼12.6, 18.9,
33.8,119.6,128.8,129.6,137.3,160.1,172.4; IR (KBr) 3086, 3055, 2952,
2916, 2849,1908,1695,1606,1592,1492,1448,1358,1177,1133,1088,
981, 841, 816 cm�1; Anal. Calcd for C12H11ClN2O: C, 61.41; H, 4.72; N,
11.94. Found: C, 61.28; H, 4.64; N, 11.88.

4.3.2.7. 5-(2,4-Dimethylphenyl)-7-methyl-5,6-diazaspiro[2.4]
hept-6-en-4-one (3g). White solid: mp 76e77 �C; 1H NMR
(500 MHz, CDCl3) d¼1.65e1.67 (m, 2H), 1.76e1.78 (m, 2H), 1.95 (s,
3H), 2.23 (s, 3H), 2.33 (s, 3H), 7.05 (d, J¼8.0, 1H), 7.09 (s, 1H), 7.20 (d,
J¼8.0, 1H); 13C NMR (125 MHz, CDCl3) d¼12.6, 18.2, 18.4, 21.1, 32.5,
126.6, 127.2, 131.7, 133.8, 134.9, 138.1, 159.4, 173.0; Anal. Calcd for
C14H16N2O: C, 73.66; H, 7.06; N, 12.27. Found: C, 73.79; H, 7.09; N,
12.23.

4.3.2.8. 2,2-Diethyl-3-(hydroxyimino)-N-phenylbutanamide
(4a). White solid, mp: 135e136 �C; 1H NMR (400 MHz, CDCl3)
d¼0.81 (t, J¼7.6, 6H), 1.86e2.02 (m, 7H), 7.12 (t, J¼8.0, 1H), 7.31 (t,
J¼8.0, 2H), 7.50 (d, J¼8.0, 2H), 8.13 (s, 1H), 8.16 (s, 1H); 13C NMR
(100 MHz, CDCl3) d¼8.4, 11.5, 24.9, 58.1, 120.2, 124.4, 128.9, 137.6,
159.7, 171.4; Anal. Calcd for C14H20N2O2: C, 67.71; H, 8.12; N, 11.28.
Found: C, 67.55; H, 8.31; N, 11.36.

4.3.2.9. 4,4-Diethyl-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one
(5a). 1H NMR (600 MHz, CDCl3) d¼0.85 (t, J¼7.2, 6H), 1.70e1.74 (m,
2H), 1.89e1.92 (m, 2H), 1.99 (s, 3H), 7.10 (t, J¼7.2, 1H), 7.15 (d, J¼7.2,
2H), 7.32 (t, J¼7.2, 2H); 13C NMR (150 MHz, CDCl3) d¼8.8, 10.6, 29.6,
60.4, 122.6, 124.2, 128.6, 145.7, 163.7, 165.6; Anal. Calcd for
C14H18N2O: C, 73.01; H, 7.88; N, 12.16. Found: C, 73.31; H, 7.61; N,
12.34.
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