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Synthesis and Structures of Triptycene—derived Diazadioxacalixarenes
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Abstract A series of triptycene-derived diazadioxacalixarenes were synthesized by two-step SyAr reactions from
2,7-diaminotriptycene, 2,7-dihydroxytriptycene with heterocyclic compounds such as cyanuric chloride, 1,5-difluoro-
2.,4-dinitrobenzene and 2,6-dichloropyridine-3,5-dicarbonitrile, respectively. X-Ray crystallographic analysis of the trimer
obtained by reaction of 2,7-diaminotriptycene with 2,6-dichloropyridine-3,5-dicarbonitrile showed that the two pyridine rings
are in the same side of the triptycene unit and the two residual chloride atoms point to the same direction, which greatly fa-
vors the subsequent cyclization reactions with 2,7-dihydroxytriptycene. Due to the 3D characteristic of triptycene unit, the
synthetic macrocyclic molecules are pairs of diastereomers. Their structures and self-assembled properties were studied by
NMR spectra and X-ray crystallographic analysis. The results showed that the diazadioxacalixarenes have some different
properties from those of tetraazacalixarenes and tetraoxacalixarenes. The triptycene-derived tetra-NH-bridged azacalixarenes
obtained from the reaction of 2,7-diaminotriptycene with 2,6-dichloropyridine-3,5-dicarbonitrile can self-assemble into a
large square-shaped organic nanotube with aromatic single-walled surfaces by four infinite one-dimensional H-bond chains,
and the nanotubes could further assemble into a 3D honeycombed architecture. However, the diazadioxacalixarene analog
could not self-assemble into such architecture due to the structural and conformational changes made by the displacement of
two bridging nitrogen atoms with oxygen atoms, which led to the destroy of the H-bond chains formed from the bridging NH
groups with the cyano groups. Our results also showed that the trimer of 2,7-diaminotriptycene and 2,6-dichloropyridine-
3,5-dicarbonitrile could self-assemble into a nanotube architecture with a hole diameter of 8.16 AX8.95 A through C—H:-
Cl H-bond (dyy-1=2.87 A, Oc y-1=149.31°), n*1t (dy-n=3.67 A) stacking and C—H-**7 (d¢—1-n=2.86 A) interactions.
Keywords triptycene; heteracalixarenes; synthesis and structures; molecular assembly; diazadioxacalixarenes
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Figure 1 Structures of the triptycene-derived diazadioxacalixarenes
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Figure 2 Crystal structure of 4¢. (a) Top view and (b) side view
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Figure 6 (a) Molecular structure of triptycene-derived tetra-NH-bridged
azacalixarenes and crystal structure of their tetramer through eight hydro-
gen bonding interactions, dashed lines denote the intermolecular N—H:--*
N hydrogen bonds. (b) The n***7 stacking interaction modes among 3a
molecules. (c) Crystal packing of triptycene-derived tetra-NH-bridged
azacalixarene represented the formation of nanotubes. (d) Crystal packing
of 3a
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Figure 7 Crystal packing of 4c viewed along the c-axis (top) and a-axis
(bottom)
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41 K 1a R 1b BIERK

A 2,7- - F R =% (57 mg, 0.2 mmol). — 2R 4K
4a (116 mg, 0.2 mmol)fll A%k LK% (DIPEA) (64
mg, 0.5 mmol){J ZJEH R (30 mL)7ET IR NI m]
TN 3 d. IRE VI EREE R, A AR (eluent:
1 : 100, ethyl acetate/dichloromethane, AFH Hb)4lifb75
44 1a (59 mg, 37%)F1 1b (51 mg, 32%).

1a: m.p.>300 C; 'H NMR (300 MHz, DMSO-dj) §:
5.50 (s, 2H), 5.51 (s, 1H), 5.62 (s, 1H), 6.89 (d, J=1.6 Hz,
2H), 6.97~7.04 (m, 8H), 7.14~7.18 (m, 4H), 7.31 (d, J=
8.0 Hz, 4H), 7.50~7.53 (m, 2H), 10.45 (s, 2H); MALDI
TOF-MS m/z: 793.2 (M+H"), 8152 (M+Na"). Anal.
caled for CyeHyeCLNgO,*H,0: C 68.07, H 3.48, N 13.81;
found C 67.88, H 3.67, N 13.72.

1b: m.p.>300 ‘C; 'H NMR (300 MHz, CDCl;) o:
5.42 (s, 1H), 5.52 (s, 1H), 5.54 (s, 1H), 5.92 (s, 1H), 6.70~
6.79 (m, 2H), 6.84~6.89 (m, 2H), 6.98~7.04 (m, 4H),
7.17~7.21 (m, 4H), 7.25 (d, J=8.0 Hz, 2H), 7.39~7.46
(m, 6H), 10.09 (s, 1H), 10.70 (s, 1H); MALDI TOF-MS:
m/z: 793.3 (M+H"), 8153 (M+Na"). Anal. caled for
Cu4HasCLLN5O,: C 69.61, H 3.30, N 14.12; found C 69.52,
H 3.56, N 14.07.
42 KI2a R 2b BIEMK

BEAT 2,7- B R =85 (57 mg, 0.2 mmol). = J4A
4b (130 mg, 0.2 mmol)fl — 5353 Z L (DIPEA) (64
mg, 0.5 mmol)[f] ZIEH (30 mL)ZEG LRI R niA|
TN 4 d. RSP EEEH, MY AR (eluent:
dichloromethane)Zlifb 43 ¥ 55 (L[] {4 2a (47 mg, 26%)F!
2b (38 mg, 21%).

2a: m.p.>300 C; 'H NMR (300 MHz, CDCl;) o:
5.33 (s, 1H), 5.36 (s, 1H), 5.44 (s, 2H), 6.74~6.78 (m,
4H), 6.89 (dd, J=7.6, 1.5 Hz, 2H), 6.98~7.01 (m, 2H),
7.03~7.06 (m, 2H), 7.13~7.16 (m, 4H), 7.30~7.40 (m,
8H), 9.08 (s, 2H), 9.75 (s, 2H); MALDI TOF-MS m/z:
8833 (M+H —0), 867.4 (M+H —20"). Anal. caled
for Cs,H30NO10: C 69.49, H 3.36, N 9.35; found C 69.17,
H 3.45,N 9.12.

2b: m.p.>300 ‘C; 'H NMR (300 MHz, CDCl3) 6:
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5.28 (s, 1H), 5.41 (s, 1H), 5.48 (s, 2H), 6.32 (dd, J=17.9,
1.8 Hz, 2H), 6.79 (dd, J=7.8, 1.6 Hz, 2H), 7.04 (s, 2H),
7.08 (d, J=1.6 Hz, 2H), 7.25 (s, 2H), 7.28~7.32 (m, 4H),
7.35~7.41 (m, 8H), 9.10 (s, 2H), 9.87 (s, 2H); MALDI
TOF-MS m/z: 898.2 (M"). Anal. caled for Cs;H30N4O,o: C
69.49, H 3.36, N 9.35; found C 69.22, H 3.51, N 9.28.
43 K3 3a K 3bHIEMK

B 2,7- R = (57 mg, 0.2 mmol), = 1A
4c (121 mg, 0.2 mmol)F A%k LAl (DIPEA) (64
mg, 0.5 mmol)[f] ZIEH K (30 mL)ZER LRI F i n|
TN 2 d. RSP R, MY LR (eluent:
1 : 60 ethyl acetate/dichloromethane, AR LE)alifk15 (1t
[ 44 3a (53 mg, 32%)F1 3b (39 mg, 24%).

3a: m.p.>300 °C; 'H NMR (300 MHz, DMSO-dj) d:
5.44 (s, 1H), 5.49 (s, 1H), 5.51 (s, 1H), 5.64 (s, 1H), 6.98~
7.04 (m, 4H), 7.08~7.11 (m, 4H), 7.17~7.22 (m, 4H),
7.35 (d, J=7.9 Hz, 2H), 7.38~7.42 (m, 2H), 7.44~7.48
(m, 2H), 7.57 (d, J=8.2 Hz, 2H), 8.58 (s, 2H), 9.81 (s,
2H); *C NMR (75 MHz, DMSO-d;) o: 52.1, 53.3, 53.8,
116.6, 117.6, 120.9, 121.9, 123.5, 123.8, 124.7, 125.7,
134.8, 136.4, 140.7, 1422, 145.2, 145.6, 146.7, 150.6,
155.5, 157.7; MALDI TOF-MS m/z: 843.3 (M+Na"),
859.2 (M+K+). Anal. calcd for Cs4HsNgO,*H,O: C 77.32,
H 3.60, N 13.36; found C 77.17, H 3.59, N 13.28.

3b: m.p.>300 C; "HNMR (300 MHz, DMSO-d) d:
3.97 (s, 1H), 5.46 (s, 1H), 5.81 (s, 1H), 6.18 (s, 1H), 6.96
(d, J=8.0 Hz, 2H), 7.10~7.19 (m, 3H), 7.28 (d, J=7.8
Hz, 2H), 7.41 (d, J=7.8 Hz, 2H), 7.47 (d, J=7.3 Hz, 1H),
7.57 (s, 4H), 7.66~7.72 (m, 1H), 7.73 (s, 2H), 8.06 (d, J=
5.8 Hz, 1H), 8.32 (s, 2H), 8.79 (s, 2H), 9.51 (s, 2H).
MALDI TOF-MS m/z: 821.4 (M+H"), 843.3 (M+Na").
Anal. caled for Cs4HysNgO,: C 79.01, H 3.44, N 13.65;
found C 79.22, H 3.51, N 13.47.
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