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Abstract — Oxacalix[2]m-terphenyl[2]triazine, a macrocyclic host molecule of an
expanded cavity, was synthesized from 1,3-(4-hydroxyphenyl)benzene and
cyanuric chloride using the fragment coupling strategy. Aromatic nucleophilic
substitution reaction of chlorotriazine moieties with di(2-hydroxyethyl)amine and
di(2-pyridylmethyl)amine afforded the corresponding upper-rim functionalized

oxacalix[2]m-terphenyl[2]triazines in good yields.

Heteroatom-bridged calixaromatics or heteracalixaromatics are an emerging generation of macrocyclic
host molecules.' In contrast to conventional calixarenes,” the bridging heteroatoms can adopt different
electronic configurations and form various conjugation systems with their adjacent aromatic rings,
producing resultantly the fine-tuned conformational and cavity structures.’ Furthermore, the electronic
feature of the macrocyclic cavity is also subjected to regulation by the interplay between linking
heteroatoms and aromatic rings.* Unique structural properties have rendered heteracalixaromatics
versatile macrocyclic host molecules in the study of molecular recognition and supramolecular
self-assembly."*”

We developed a few years ago the fragment coupling approach for the synthesis of

azacalix[m]arene[n]pyridines“l and of oxygen- and nitrogen-bridged calix[2]arene[2]triazines™ starting

from simple and readily available aromatic dielectrophilic and dinucleophilic reactants. A large number
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of heteracalixaromatics have been prepared since then either through the step-wise fragment coupling
method or the one-pot synthesis protocol.® To construct heteracalixaromatics of expanded cavity in order
to selectively include larger volume guest species, one of the strategies involves the employment of fused
(hetero)aromatic rings instead of benzene or six-membered heteroarene fragments. For example, Katz and
his co-workers have demonstrated successfully the formation of oxacalix[2]naphthalene[2]naphthyridine
from the reaction of 2,7-dihydroxynaphthalene with 2,7-dichloro-1,8-naphthyridine.” We envisioned that,
in addition to fused (hetero)aromatic rings, conformationally rigid or shape-persistent diol compounds
such as 1,3-bis(4-hydroxyphenyl)benzene would serve as a large size dinucleophilic component in the
construction of heteracalixaromatics of a giant cavity. We report herein the efficient synthesis of

oxacalix[2]m-terphenyl[2]triazine and its functionalization.
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Scheme 1. Preparation of 3

Based on the fragment coupling strategy,’*®

we first prepared a linear trimeric intermediate 3. In the
presence of diisopropylethylamine (DIPEA) as an acid scavenger, 1,3-bis(4-hydroxyphenyl)benzene 1,
which was obtained from the Suzuki coupling reaction between 1,3-dibromobenzene and
4-methoxyphenylboronic acid followed by demethylation reaction,' reacted with an excess amount of
cyanuric chloride 2 smoothly in THF at 0 °C to afford 3 in 79% yield (Scheme 1). The synthesis of
oxacalix[2]m-terphenyl[2]triazine 4 was then attempted under different conditions (Table 1). As
assembled in Table 1, the synthesis of macrocycle 4 was strongly determined by both the base and the
solvent employed. When reaction was conducted in chloroform, for example, the use of inorganic bases
including Na,CO3, K,COj; and Cs,CO; gave only a trace amount of the desired product 4 (entries 1 to 3).
Surprisingly, triethylamine as a base in chloroform had a detrimental effect on the formation of product 4
(entry 4), whereas DIPEA acted as an effective base to promote the formation of

oxacalix[2]m-terphenyl[2]triazine 4 in 65% yield (entry 5). It seemed that the use of a sterically bulky and

non-nucleophilic base such as DIPEA is beneficial for the macrocyclization. Change of organic solvent
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from chloroform to 1,4-dioxane and tetrahydrofuran (THF) resulted in very sluggish reaction and very
low yields (entries 6 and 7). The combination of DIPEA with acetone (entry 8) or acetonitrile (entry 9)
appeared almost equally effective as that of DIPEA with chloroform, albeit the slightly diminished yields

were observed.

Table 1. Synthesis of oxacalix[2]m-terphenyl[2]triazine 4

0] 0

2 . 4 conditions CI—<\ ) N/ \>—CI
N4<V >:N

T

4
entry solvent base temperature Time (h) 4 (%)*
1 CHCL Na,COs rt 50 trace
2 CHCl; K,CO;s rt 50 trace
3 CHCl; Cs,CO;3 rt 50 trace
4 CHCL Et;N rt 3 none
5 CHCl; DIPEA rt 8 65
6 1,4-dioxane DIPEA rt 48 2
7 THF DIPEA rt 48 5
8 acetone DIPEA rt 7 54
9 MeCN DIPEA rt 4 38
“Isolated yield.

Having had macrocyclic product in hand, we then examined its conversion into functionalized
heteracalixaromatics. It is well established that all three chloro groups of cyanuric chloride can be
consecutively and selectively substituted by various nucleophiles under different conditions.* Taking the
advantage of the reactivity of chlorotriazine within macrocycle 4 towards nucleophiles, aromatic
nucleophilic displacement of chloro by amines was executed. Pleasingly, the reaction of 4 with
functionalized amines such as di(2-hydroxyethyl)amine Sa and di(2-pyridylmethyl)amine Sb proceeded
efficiently at room temperature with the aid of K,COs. The oxacalix[2]m-terphenyl[2]triazines 6a and 6b,
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which are upper-rim functionalized with hydrogen bond donors and chelating groups, were isolated in

81% and 77% yield, respectively (Scheme 2).

HO\L J/OH
N ‘ ‘
H O O

KiCOJTHF (. N R
5a T N N
/ \ /
RN

4 + _<
N\ N N\ O @)
T O O
. 0
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Scheme 2. Synthesis of functionalized oxacalix[2]m-terphenyl[2]triazines 6a and 6b

The structure of all oxacalix[2]m-terphenyl[2]triazine products 4 and 6 were established on the basis of
spectroscopic data and microanalysis. It is interesting to note that there is only one set of proton and
carbon signals being observed in each of their 'H and "C NMR spectra, respectively. It indicates
convincingly that the macrocyclic structures are very fluxional in solution and interconversions of
different conformational structures take place rapidly at ambient temperature relative to the NMR time

scale.

Figure 1. X-Ray single crystal structure of 4 (a) top view and (b) side view. Selected bond lengths (A):
O(1)-C(2) 1.339, O(1)-C(4) 1.412, O(2)-C(19) 1.423, O(2)-C(22) 1.333, O(3)-C(24) 1.343, O(3)-C(25)
1.417, O(4)-C(3) 1.338, O(4)-C(40) 1.414. Selected interatomic distances (A): C(1)-C(23) 17.266,
N(2)-N(6) 12.368, C(12)-C(35) 4.108, C(15)-C(32), 4.796, O(1)-O(2) 12.414, O(3)-O(4) 12.611.

The macrocyclic structure was determined unambiguously by the X-ray single crystal structure of
oxacalix[2]m-terphenyl[2]triazine 4. Several structural features are worth addressing. In the solid state,
compound 4 adopts roughly 1,3-alternate  conformation, similar to most of the

heteracalix[2]arene[2]triazines reported to date." While two triazine rings, which are in conjugation with
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bridging oxygen atoms as indicated by the bond lengths (see caption of Figure 1), are nearly edge-to-edge
orientated, two central benzene rings of two m-terphenyl units tend to face-to-face paralleled. Benzene
rings connected to bridging oxygen atoms are almost perpendicular to the triazine ring. The upper rim
distance between two triazine rings and two central benzene rings are 11.2 A and 4.1 A, respectively,
forming a large rectangular cavity.

In conclusion, we have synthesized oxacalix[2]m-terphenyl[2]triazine, a heteracalixaromatics of
expanded cavity, from the reaction of 1,3-bis(4-hydroxyphenyl)benzene with cyanuric chloride on the
basis of the fragment coupling approach. Aromatic nucleophilic substitution reaction of chlorotriazine
with di(2-hydroxyethyl)amine and di(2-pyridylmethyl)amine led to the functionalized macrocyclic host
molecules. The study of their molecular recognition behaviors is actively pursued in the laboratory and

will be reported in due course.

EXPERIMENTAL

Starting Materials. 1,3-Bis(4-hydroxyphenyl)benzene 1'° was prepared according to literature
procedures, and cyanuric chloride 2 and di(2-hydroxyethyl)amine Sa were purchased from local chemical
suppliers.

Typical Procedure for the Preparation of Intermediate 3. To an ice-bath cooled solution of cyanuric
chloride 2 (1.38 g, 7.5 mmol) in THF (50 mL) was added dropwise a mixture of
1,3-(4-hydroxyphenyl)benzene 1 (0.78 g, 3 mmol) and diisopropylethylamine (0.93 g, 7.2 mmol) in THF
(25 mL) during 1 h. The reaction mixture was stirred for another 4 h. After removal of
diisopropylethylamine hydrochloride salt through filtration, the filtrate was concentrated and
chromatographed on a silica gel column (100-200) with a mixture of petroleum ether and CHCls (5:1) as the
mobile phase to give pure 3 (1.32 g, 79%) as a white solid: mp 211-212 °C; "H NMR (300 MHz, CDCl;)
& 7.80 (s, 1H), 7.72 (d, J = 8.7 Hz, 4H), 7.65 — 7.51 (m, 3H), 7.28 (d, J = 8.7 Hz, 4H); >C NMR (75 MHz,
CDCls) 6 173.1, 171.1, 150.5, 140.6, 139.8, 129.4, 128.7, 126.4, 126.1, 121.3; IR (KBr) v 1540, 1511,
1430, 1299, 1195, 1011 cm™; EI-MS m/z 556 (78), 558 (100), 560 (50). Anal. Calcd for C,4H;,CIsN4O,: C,
51.64; H, 2.17; N, 15.06. Found: C, 51.48; H, 2.22; N, 14.94.

Typical Procedure for the Synthesis of Oxacalix|2]m-terphenyl|2]triazine 4. A mixture of 1 (0.26 g, 1
mmol), 3 (0.56 g, 1 mmol) and DIPEA (0.31 g, 2.4 mmol) in CHCl; (300 mL) was stirred at room
temperature for 8 h. The mixture was then filtered and solvent was removed using a rotary
evaporator. The residue was chromatographed on a silica gel column (100-200) with petroleum
ether and chloroform (1:3) as the mobile phase to give pure 4 (0.48 g, 65%) as a white solid: mp
255-256 °C; 'H NMR (300 MHz, CDCls) & 7.53-7.51 (m, 2H), 7.41 (d, J = 8.7 Hz, 8H), 7.38 — 7.27 (m,
6H), 7.06 (d, J = 8.7 Hz, 8H); °C NMR (75 MHz, CDCl3) & 174.2, 172.1, 150.8, 140.2, 138.8, 129.2,
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127.6, 126.0. 124.5, 121.4; IR (KBr) v 1550, 1446, 1365, 1195 cm™; MS [MALDI-TOF] m/z 747.3 [M
+ H'] (100), 749.3 (65), 751.3 (1). Anal. Caled for C4,H,4CLLNsO4H,0: C, 65.89; H, 3.42; N, 10.98.
Found: C, 65.90; H, 3.41; N, 10.59. A single crystal suitable for X-ray diffraction analysis was obtained
from recrystallization from a mixture of toluene and chlorofom (1:3). Crystalographic data:
Co1Hs6C14N 1205 M = 1587.28, orthorhombic, Pbca, a = 7.8703(3) A, b = 29.1424(11) A, ¢ = 32.8759(11)
A, a=90.00°, =90.00° v=190.00°, V="7540.4(5) A’ , Z =4, y(Mo-Ka) = 0.71073 mm™', T= 173(2) K,
The structure was solved and refined by SHELXL-97 in the WinGX package. Final residuals (503
parameters) R1 = 0.0866 for 6175 reflections with I > 2¢ (I), and R1= 0.0975, wR2 = 0.2093. GoF =
1.155 for all 6894 data. CCDC 840018.

General Procedure for the Synthesis of Functionalized Oxacalix|2]m-terphenyl|2]triazines 6a and 6b.
To a solution of 4 (0.15 g, 0.2 mmol) in THF (20 mL) at room temperature was added K,CO; (finely
ground) (0.11g, 0.8 mmol) and amine 5a or Sb (0.8 mmol). The resulting mixture was kept stirring for 8 h.
The mixture was then filtered and solvent was removed using a rotary evaporator. The residue was
chromatographed on a silica gel column (100-200) with a mixture of MeOH and acetone as the
mobile phase to give pure product 6a or 6b.

6a (0. 14 g, 81%): a white solid; mp 222-223 °C; 'H NMR (300 MHz, DMSO) & 7.85 (s, 2H), 7.68 (d, J
= 8.5 Hz, 8H), 7.46 (d, /= 7.6 Hz, 4H), 7.37 — 7.30 (m, 2H), 7.26 (d, J = 8.4 Hz, 8H), 4.88 (t, /= 4.9 Hz,
4H), 3.71 (dd, J = 19.4, 4.8 Hz, 16H); >C NMR (75 MHz, DMSO) & 170.7, 167.6, 151.2, 139.4, 136.3,
129.4, 127.0, 125.2, 123.5, 121.7, 58.3, 50.5; IR (KBr) v 3384, 1596, 1523, 1378, 1211, 1054 cm™; MS
[MALDI-TOF] m/z 885.5 [M + H'] (100), 886.5 (52), 887.5 (3). Anal. Calcd for Cs5oHs4NgOg CH,Cly: C,
63.16; H, 4.78; N, 11.55. Found: C, 63.16; H, 4.78; N, 11.45.

6b (0.165 g, 77%): a white solid; mp 197-198 °C; 'H NMR (300 MHz, CDCl;) ¢ 8.58 (d, J = 4.4 Hz, 4H),
7.68 (t,J= 8.1 Hz, 4H), 7.53 (s, 2H), 7.36 (d, J = 8.4 Hz, 12H), 7.32 — 7.25 (m, 6H), 7.24 — 7.16 (m, 4H),
7.04 (d, J = 8.5 Hz, 8H), 5.18 (s, 8H); °C NMR (75 MHz, CDCl3) & 172.0, 169.3, 156.7, 151.5, 149.5,
140.4, 137.9, 136.6, 129.0, 127.1, 125.6, 124.5, 122.3, 122.0, 121.9, 51.75; IR (KBr) v 1592, 1517, 1381,
1212, 609 cm™'; MS [MALDI-TOF] m/z 1073.6 [M + H'] (100), 1074.6 (85), 1075.6 (25), 1076.6 (2),
1095.6 [M + Na']. Anal. Caled for CegHasN204: C, 73.87; H, 4.51; N, 15.66. Found: C, 73.70; H, 4.42; N,
15.60.
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