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A series of macrocycles containing isoxazoline and [1,4,2]dioxazole were synthesized for the first time.
The structures of the newly synthesized macrocycles were characterized and confirmed by IR, 1H NMR,
mass spectra, and elemental analysis. The solid-state structure of macrocycle (6d) was further studied by
single-crystal X-ray diffraction analysis.
J. Heterocyclic Chem., 00, 00 (2013).
INTRODUCTION

The synthesis of [2.2]paracyclophanes by Cram and
Steinberg was a revolutionary breakthrough in the field of
cyclophane chemistry [1]. The sophistication of the design
and synthesis of novel and functional cyclophane host
molecules has always been one driving force to promote
the major advances in supramolecular chemistry. In the
synthesis of cyclophanes, the ring-closing step is often
crucial and various reagents and reaction conditions have been
developed for this purpose [2–4]. Development of efficient
synthetic pathways is paramount to design macrocycles
with the desired functionality, property, size, and shape
[5–7]. We have envisioned a new pathway for macrocycles
containing isoxazole, isoxazoline, and [1,4,2]dioxazole by
using double different cycloadditive macrocyclization as a
key step [8]. Compared with other cyclophane methods
[9–12], this approach has several advantages: (1) few steps
and good overall yields; (2) excellent stereoselectivity
due to the well-defined transition state of [3 + 2] dipolar
cycloaddition; and (3) accessibility to structural diversity
by changing dipole and dipolarophile components.
Moreover, isoxazolines are versatile intermediates for

the synthesis of bifunctional and naturally occurring
compounds [13–17] and also display important biological
activities such as antibacterial [18], antitubercular [19],
phosphodiesterase inhibitory [20], anti-inflammatory [21],
and immunostimulatory [22], whereas compounds
incorporating the pyrazole substructure have stimulated
much interest in medicinal and biological chemistries.
Meanwhile, functionalized macrocycles are frequently
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seen in pharmaceutics and natural products [23,24], in
addition to being important as pharmaceuticals.

The biological importance of isoxazolines, isoxazole, and
[1,4,2]dioxazole and our ongoing research program on
the construction of novel heterocycles led us to recently
investigate the 1,3-dipolar cycloaddition of a,b-unsaturated
ketones. In our studies, we have reported an efficient
synthetic method for macrocycles via cycloaddition of
nitrile oxides to a,b-unsaturated ketones as a key step.
To our knowledge, there is no precedent for the generation
of macrocycles by using double different cycloadditions
as comerstones.
RESULTS AND DISCUSSION

As illustrated in the Introduction section, arriving at a
given macrocycle by cycloadditive macrocyclization route
relies mainly on bifunctional dipole (bis-nitrile oxides) and
bifunctional dipolarophile. The bifunctional hydroxamic
acid chlorides (4) were prepared from their corresponding
aldehydes (1) in a two-step procedure as given in Scheme 1.

The 1,3-dipolar cycloaddition of nitrile oxide and a,b-
unsaturated ketones led to the formation of cyclophane
(6) arising from the nitrile oxide addition to C═C and
C═O bonds. All of the cycloadducts (6a–o) were separated
through flash column chromatography by using petroleum
ether–ethyl acetate as eluent. The structures of the cycload-
ducts were characterized by 1H NMR spectroscopic data.
The structures of all compounds were also confirmed by
mass spectral analysis. The mass spectra show molecular
orporation
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ion peaks (M+) at corresponding masses of respective
moleculars. The structure of macrocycles 6dwas also further
confirmed by a single crystal X-ray crystallography analysis.
(Fig. 1) [25].
With a view to finding the order of occurrence of the

cycloaddition of nitrile oxide to the C═C and C═O bonds
leading to the formation of the cyclophane, the reaction
was intercepted at early stages before completion of the
reaction at 30min and 1 h, and the reaction mixture
afforded isoxazoline and failed to afford dioxazole
(Scheme 2), thus suggesting that macrocycles (6d) might
result from further cycloaddition to the intermediate (7).
To confirm this, the reaction of the intermediate with a
nitrile oxide was performed in a separate experiment under
the same reaction conditions as those of the overall reac-
tion. This reaction furnished macrocycle (6d), suggesting
its formation from the intermediate (7).
In conclusion, we have described an efficient and convenient

method for the synthesis of cyclophane. Macrocycles
(6a–o) were synthesized for the first time by the reaction
of 1,3-dipolar cycloaddition of a,b-unsaturated ketones
as a key step in the presence of triethylamine (Scheme 1).
Compounds (6a–o) reported are new and have been
characterized by spectral and analytical data (Table 1).
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EXPERIMENTAL

All purchased solvents and chemicals were of analytical
grade and were used without further purification. Melting points
were measured on a mettler FP-5 capillary melting point appara-
tus and were uncorrected. Elemental analyses were performed
on a Perkin-Elmer 2400 elemental analyzer. The solid-state IR
spectra were recorded from potassium bromide pellet on a
Bruker Tensor 27 spectrophotometer. The 1H NMR spectra were
recorded on a Varian Inova-400 spectrophotometer by using
CDCl3as the deuterated solvent and TMS as the internal
standard at room temperature. EI–MS spectra were obtained
with an Agilent 5975 apparatus. The results were found to
be in good agreement with the calculated values. All reagents
were of commercial availability. The compounds 1 [26], 2
[27], and 5 [28] were prepared according to the previously
reported procedures.

Preparation of dialdoxime (3). An aqueous solution of
NaOH (8mol) was added dropwise to a solution of the
dialdehyde 2 (4mol) and NH2OH-HCl (8mol) in EtOH–H2O
(60mL). After stirring the suspension overnight at 0�C, the solid
was collected by filtration and washed with water. The solid was
crystallized from ethanol to give dialdoximes 3 as a pale-yellow
solid. This compound was obtained as white crystals in 90%
yield; mp: 212–213�C; IR (KBr)υ: 3429 (OH), 3051 (Ar-H),
2924, 1474 (CH3), 1580 (C═N), 1086 (C–O–C); 1H NMR
(CDCl3, 400MHz) d: 9.59 (s, 2H, CH═N), 7.62–6.98 (m, 14H,
Ar-H), 2.50 (s, 6H, �CH3); MS (EI) m/z: 508 (M+).
stry DOI 10.1002/jhet



Figure 1. X-ray crystal structure of macrocycle 6d.

Table 1

Physical and analytical data of compounds 6.

Compound no. Molecular formula Yield (%) mp ( C)

Analysis (%) found/calcd

C H N

6a C43H32N6O5 26 167–168 72.46 4.53 11.79
72.42 4.60 11.82

6b C43H31ClN6O5 25 152–153 69.12 4.18 11.25
69.20 4.17 11.22

6c C44H34N6O6 33 194–195 71.15 4.61 11.31
71.55 4.71 11.38

6d C44H34N6O5 32 182–183 72.71 4.72 11.56
72.84 4.71 11.47

6e C43H31N7O7 28 124–125 68.16 4.12 12.94
68.25 4.12 12.89

6f C43H31ClN6O5 24 212–213 69.12 4.18 11.25
69.16 4.21 11.26

6g C43H30Cl2N6O5 30 192–193 66.07 3.87 10.75
66.18 3.79 10.84

6h C44H33ClN6O6 35 166–167 67.99 4.28 10.81
68.06 4.31 10.84

6i C44H33ClN6O5 21 133–134 69.42 4.37 11.04
69.50 4.22 11.17

6j C43H30ClN7O7 24 149–151 65.19 3.82 12.38
65.22 3.74 12.41

6k C44H34N6O6 29 224–225 71.15 4.61 11.31
71.19 4.70 11.27

6l C44H33Cl2N6O6 21 177–178 67.99 4.28 10.81
68.08 4.29 10.73

6m C45H36N6O7 35 169–170 69.94 4.70 10.87
70.02 4.59 10.85

6n C45H36N6O6 23 145–148 71.42 4.79 11.10
71.43 4.68 11.15

6o C44H33N7O8 28 162–165 67.08 4.22 12.45
67.11 4.31 12.41
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Preparation of bis(hydroxamic acid chlorides) (4). N-
chlorosuccinimide (15mmol) was added to a DMF solution
(12.5mL) of aldoxime 3 (10mmol). The resulting mixture was
stirred for 50min. It was then poured into H2O (80mL) and
extracted with EtOAc. The organic phase was washed several
times with H2O. The solid was collected by filtration and
crystallized from ethanol to give bis(hydroxamic acid chloride) 4
Journal of Heterocyclic Chemi
as a white solid. This compound was obtained as white crystals in
88% yield; mp:180–181�C; IR (KBr) υ: 3438 (OH), 3051 Ar-H),
2974, 1477 (CH3); 1H NMR (CDCl3, 400MHz) d: 7.60–6.91
(m, 14H, Ar-H), 2.45 (s, 6H, -CH3); MS (EI) m/z: 580 (M+).

General procedure for the preparation of macrocycles by
cycloadditive macrocyclization (6a–o). A solution of Et3N
(5mmol) in CH2Cl2 (10mL) was added dropwise to a mixture
stry DOI 10.1002/jhet



Scheme 2
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of bis(hydroxamic acid chloride) (4) (2mmol) and the chalcones
(5) (2.5mmol) in CH2Cl2 (50mL). Then, the solution was stirred
at room temperature for further 12 h. The solid mass separated
out was filtered off, and the solvent was evaporated in vacuo
and the residue was subjected to flash column chromatography
on silica gel (petroleumether–ethyl acetate 10:1) to afforded
macrocycle 6 as white crystalline solids.

Macrocycle (6a). This compound was obtained as white
crystals in 26% yield; mp 167–168�C; IR (KBr) υ: 3051 (Ar-H),
1567 (C═N), 2924, 1490 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.71–7.00 (m, 24H, Ar-H), 4.71 (d, H, H5, Jab = 8.4Hz), 3.77
(d, H, H4, Jab = 8.4Hz), 2.05 (s, 6H, �CH3); MS (EI) m/z: 712
(M+). Anal. Calcd for C43H32N6O5: C, 72.46; H, 4.53; N, 11.79.
Found: C, 72.42; H, 4.60; N, 11.82.

Macrocycle (6b). This compound was obtained as white
crystals in 25% yield; mp 152–153�C; IR (KBr) υ: 3052 (Ar-H),
1562 (C═N), 2922, 1487 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.71–7.01 (m, 23H, Ar-H), 4.67 (d, H, H5, Jab = 8.4Hz), 3.74
(d, H, H4, Jab = 8.4Hz), 2.05 (s, 6H, �CH3); MS (EI) m/z: 747
(M+). Anal. Calcd for C43H31ClN6O5: C, 69.12; H, 4.18;
N, 11.25. Found: C, 69.20; H, 4.17; N, 11.22.

Macrocycle (6c). This compound was obtained as white
crystals in 33% yield; mp 194–195�C; IR (KBr) υ: 3045
(Ar-H), 1581 (C═N), 2924, 1491 (CH3); 1H NMR (CDCl3,
400MHz) d: 7.55–7.01 (m, 23H, Ar-H), 4.69 (d, H, H5,
Jab = 8.4Hz), 3.77 (d, H, H4, Jab = 8.4Hz), 3.83 (s, 3H, �OCH3),
2.05 (s, 6H, �CH3); MS (EI) m/z: 742(M+). Anal. Calcd for
C44H34N6O6: C, 71.15; H, 4.61; N, 11.31. Found: C, 71.55; H,
4.71; N, 11.38.

Macrocycle (6d). This compound was obtained as white
crystals in 32% yield; mp 182–183�C; IR (KBr) υ: 3038 (Ar-H),
1579 (C═N), 2922, 1487 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.69–6.97 (m, 23H, Ar-H), 4.66 (d, H, H5, Jab = 8.4Hz), 3.77
(d, H, H4, Jab = 8.4Hz), 2.45 (s, 3H, �CH3), 2.06 (s, 6H, �CH3);
MS (EI) m/z: 726 (M+). Anal. Calcd for C44H34N6O5: C, 72.71;
H, 4.72; N, 11.56. Found: C, 72.84; H, 4.71; N, 11.47.

Macrocycle (6e). This compound was obtained as white
crystals in 28% yield; mp 124–125�C; IR (KBr) υ: 3034 (Ar-H),
1582 (C═N), 2925, 1490 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.80–6.94 (m, 23H, Ar-H), 4.57 (d, H, H5, Jab = 8.4Hz), 3.83
(d, H, H4, Jab = 8.4Hz), 2.04 (s, 6H, �CH3); MS (EI) m/z: 757
(M+). Anal. Calcd for C43H31N7O7: C, 68.16; H, 4.12; N, 12.94.
Found: C, 68.25; H, 4.12; N, 12.89.

Macrocycle (6f). This compound was obtained as white
crystals in 24% yield; mp 212–213�C; IR (KBr) υ: 3038
(Ar-H), 1577 (C═N), 2924, 1492 (CH3); 1H NMR (CDCl3,
400MHz) d: 7.71–6.99 (m, 23H, Ar-H), 4.66 (d, H, H5,
Journal of Heterocyclic Chemi
Jab = 8.3 Hz), 3.72 (d, H, H4, Jab = 8.3 Hz), 2.05 (s, 6H, �CH3);
MS (EI) m/z: 747 (M+). Anal. Calcd for C43H31ClN6O5: C,
69.12; H, 4.18; N, 11.25. Found: C, 69.16; H, 4.21; N, 11.26.

Macrocycle (6g). This compound was obtained as white
crystals in 30% yield; mp 192–193�C; IR (KBr) υ: 3036 (Ar-H),
1579 (C═N), 2925, 1491 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.79–7.01 (m, 22H, Ar-H), 4.67 (d, H, H5, Jab = 8.4Hz), 3.77
(d, H, H4, Jab = 8.4Hz), 2.07 (s, 6H, �CH3); MS (EI) m/z: 781
(M+). Anal. Calcd for C43H30Cl2 N6O5: C, 66.07; H, 3.87;
N, 10.75. Found: C, 66.18; H, 3.79; N, 10.84.

Macrocycle (6h). This compound was obtained as white
crystals in 35% yield; mp 166–167�C; IR (KBr) υ: 3038
(Ar-H), 1577 (C═N), 2920, 1494 (CH3); 1H NMR (CDCl3,
400MHz) d: 7.84–6.99 (m, 22H, Ar-H), 4.65 (d, H, H5,
Jab = 8.4 Hz), 3.83 (d, H, H4, Jab = 8.4 Hz), 3.80 (s, 3H,
�OCH3), 2.05 (s, 6H, �CH3); MS (EI) m/z: 777(M+). Anal.
Calcd for C44H33ClN6O6: C, 67.99; H, 4.28; N, 10.81.
Found: C, 68.06; H, 4.31; N, 10.84.

Macrocycle (6i). This compound was obtained as white
crystals in 21% yield; mp 133–134�C; IR (KBr) υ: 3034
(Ar-H), 1578 (C═N), 2919, 1492 (CH3); 1H NMR (CDCl3,
400MHz) d: 7.69–7.02 (m, 22H, Ar-H), 4.70 (d, H, H5,
Jab = 8.6Hz), 3.77 (d, H, H4, Jab = 8.6Hz), 2.45 (s, H, �CH3),
2.05 (s, 6H, �CH3); MS (EI) m/z: 761 (M+). Anal. Calcd for
C44H33ClN6O5: C, 69.42; H, 4.37; N, 11.04. Found: C, 69.50;
H, 4.22; N, 11.17.

Macrocycle (6j). This compound was obtained as white
crystals in 24% yield; mp 149–151�C; IR (KBr) υ: 3043 (Ar-H),
1578 (C═N), 2926, 1490 (CH3); 1H NMR (CDCl3, 400MHz)
d: 8.12–7.07 (m, 22H, Ar-H), 4.65 (d, H, H5, Jab = 8.4Hz), 3.83
(d, H, H4, Jab = 8.4Hz), 2.04 (s, 6H, �CH3); MS (EI) m/z: 791
(M+). Anal. Calcd for C43H30ClN7O7: C, 65.19; H, 3.82;
N, 12.38. Found: C, 65.22; H, 3.74; N, 12.41.

Macrocycle (6k). This compound was obtained as white
crystals in 29% yield; mp 224–223�C; IR (KBr) υ: 3037 (Ar-H),
1577 (C═N), 2925, 1494 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.71–6.96 (m, 23H, Ar-H), 4.72 (d, H, H5, Jab = 8.4Hz), 3.78
(d, H, H4, Jab = 8.4Hz), 3.80 (s, 3H, �OCH3), 2.05 (s, 6H,
�CH3); MS (EI) m/z: 743 (M+). Anal. Calcd for C44H34N6O6:
C, 71.15; H, 4.61; N, 11.31. Found: C, 71.19; H, 4.70; N, 11.27.

Macrocycle (6l). This compound was obtained as white
crystals in 21% yield; mp 177–178�C; IR (KBr) υ: 3036 (Ar-H),
1578 (C═N), 2924, 1490 (CH3); 1H NMR (CDCl3, 400MHz)
d: 8.02–7.00 (m, 22H, Ar-H), 4.49 (d, H, H5, Jab = 8.4Hz), 3.79
(d, H, H4, Jab = 8.4Hz), 3.81 (s, 3H, �OCH3), 2.04 (s, 6H,
�CH3); MS (EI) m/z: 777 (M+). Anal. Calcd for C44H33Cl2N6O6:
C, 67.99; H, 4.28; N, 10.81. Found: C, 68.08; H, 4.29; N, 10.73.
stry DOI 10.1002/jhet
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Macrocycle (6m). This compound was obtained as white
crystals in 35% yield; mp 169–170�C; IR (KBr) υ: 3042 (Ar-H),
1579 (C═N), 2922, 1491 (CH3); 1H NMR (CDCl3, 400MHz)
d: 8.05–6.97(m, 22H, Ar-H), 4.50 (d, H, H5, Jab = 8.4Hz), 3.80
(d, H, H4, Jab = 8.4Hz), 3.80 (s, 3H, �OCH3), 3.81 (s, 3H,
�OCH3), 2.04 (s, 6H, �CH3); MS (EI) m/z: 772 (M+). Anal.
Calcd for C45H36N6O7: C, 69.94; H, 4.70; N, 10.87. Found:
C, 70.02; H, 4.59; N, 10.85.

Macrocycle (6n). This compound was obtained as white
crystals in 23% yield; mp 145–148�C; IR (KBr) υ: 3034 (Ar-H),
1578 (C═N), 2920, 1493 (CH3); 1H NMR (CDCl3, 400MHz)
d: 7.97–7.05(m, 22H, Ar-H), 4.60 (d, H, H5, Jab = 8.0Hz), 3.78
(d, H, H4, Jab = 8.0Hz), 3.81 (s, 3H, �OCH3), 2.32 (s, 3H,
�CH3), 2.05 (s, 6H, �CH3); MS (EI) m/z: 756 (M+). Anal. Calcd
for C45H36N6O6: C, 71.42; H, 4.79; N, 11.10. Found: C, 71.43;
H, 4.68; N, 11.15.

Macrocycle (6o). This compound was obtained as white
crystals in 28% yield; mp 162–165�C; IR (KBr) υ: 3037
(Ar-H), 1580 (C═N), 2924, 1490 (CH3); 1H NMR (CDCl3,
400MHz) d: 8.10–6.96 (m, 22H, Ar-H), 4.71 (d, H, H5,
Jab = 8.4Hz), 3.81 (d, H, H4, Jab = 8.4Hz), 3.80 (s, 3H, �OCH3),
2.08 (s, 6H, �CH3); MS (EI) m/z: 787 (M+). Anal. Calcd for
C44H33N7O8: C, 67.11; H, 4.31; N, 12.41. Found: C, 67.08; H,
4.22; N, 12.45.
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