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ARTICLE

Synthesis of quinoxaline cavitand baskets
Alessia Favero , Andrea Rozzi , Chiara Massera , Alessandro Pedrini , Roberta Pinalli
and Enrico Dalcanale

Department of Chemistry, Life Sciences and Environmental Sustainability, University of Parma, Parma, Italy and INSTM Parma Research Unit, 
Italy

ABSTRACT
The unique temperature, solvent and pH drivenvase to kite equilibrium in quinoxaline cavitands 
allows the reversible uptake and release of guests. However, the cavity breathing associated with 
this conformational switch reduces the strength of complexation. A limited number of solutions 
have been proposed for the cavity rigidification, using either H-bonding, metal coordination or 
covalent connections. Here we report the synthesis and structural characterisation of quinoxaline- 
based cavitand baskets, which present two distal quinoxaline walls linked together. Baskets A and 
B were obtained through a bridging reaction starting from an AC di-quinoxaline bridged cavitand 
using two different di-quinoxaline moieties. In both cases, two isomers were obtained: 
isomer C2, with the linking unit crossing the cavity mouth, and isomer Cs, having the linker 
sideways. The isomers were identified through 1H NMR analysis. In the case of basket A-Cs, the 
resolved molecular structure confirmed the Cs symmetry of the basket.
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1 Introduction

The unique temperature, solvent and pH driven vase- 
kite equilibrium in quinoxaline cavitands [1] has 
attracted the attention of several researchers [2–4], 
since this conformational switch allows the reversible 
uptake and release of candidate guests [5] (Figure 1).

Quinoxaline cavitands in the vase form have shown 
peculiar molecular recognition properties in the gas- 
phase [6,7], in solution [8,9] and at the solid-gas interface 
[10,11], leading to their use in sensors for the detection 
of aromatic volatile organic compounds [12–14]. The 
vase-kite equilibrium can be suppressed in favour of 
the vase form via H-bonding [15], metal coordination 
[16] or covalent connections. Covalent rigidification 
was obtained by introducing four lateral bridging units 

linking the four quinoxaline walls (Chart 1a). This rigidi
fication has further sharpened the molecular recognition 
properties of the resulting cavitands, leading to a sensor 
for the detection of benzene at ppb levels in air [17]. An 
intermediate level of rigidification has been reported by 
Diederich’s group by replacing two distal quinoxaline 
walls with diazaphthalimide walls, connected via diace
tylenic or p-xylylene bridges (Chart 1(b,c)) [18,19]. In this 
way, the upper mouth of the cavity is partially sealed, 
leaving the other two quinoxaline walls as gates for the 
opening and closing of the cavity. In this case, the resi
dual vase-kite conformational switch is also pH driven. 
These molecular baskets have shown enhanced molecu
lar recognition properties compared to the parent flex
ible cavitand, coupled with the ability to open the lateral 
portals for guest release.
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Intrigued by the possibility to use quinoxaline cavi
tand baskets as selective preconcentration units in sen
sors, we explored different synthetic pathways for the 
synthesis of molecular baskets featuring exclusively qui
noxaline walls. Here we report the results of this study.

2 Materials and methods

2.1 Chemicals

Unless stated otherwise, reactions were conducted in 
flame-dried glassware under an atmosphere of argon 
using anhydrous solvents (either freshly distiled, passed 
through activated alumina columns or stored on molecular 
sieves for at least 48 h). All commercially obtained reagents 
were used as received unless otherwise specified. Silica 
column chromatography was performed using silica gel 
60 (Fluka 230–400 mesh or Merck 70–230 mesh). 
Automatic purification was performed on COMBIFLASH 
NextGen 300. Silica cartridges (Purezza-Daily Open-Load 
Flash Cartridge Silica 60A 50um-Size 40) were purchased 
from SEPACHROM.

1H and 13C NMR spectra were obtained using a Bruker 
AVANCE 300 (300 MHz) and a Bruker AVANCE 400 
(400 MHz) spectrometer at 298 K. All the chemical shifts 
(δ) were reported in ppm relative to the proton reso
nances resulting from incomplete deuteration of the 
NMR solvents. High-resolution MALDI-TOF was per
formed on an AB SCIEX MALDI TOF-TOF 4800 Plus 
(matrix: α-cyano-4-hydroxycinnamic acid).

4-hydroxy-2-nitroaniline and 1,3-diphenylpropane 
were purchased by Fluorochem. Products 5 and 6 were 
obtained following a literature procedure [20], as well as 
AB-2QxCav and AC-2QxCav [21].
2.2 Synthesis of 4,4ʹ-(ethane-1,2-diylbis(oxy))bis 
(2-nitroaniline) (1)

To a solution of 4-hydroxy-2-nitroaniline (500 mg, 
3.24 mmol) in dry ACN (15 mL), K2CO3 (1.345 g, 
9.73 mmol) was added. After 5 min, ethylene di(p-tolue
nesulfonate) was added (1.803 g, 4.87 mmol) and the 
reaction mixture was stirred at 80°C for 24 h. The solvent 

was removed and water was added to the solid crude. 
The crude was sonicated for 15 min and filtered through 
a Büchner funnel to afford a red solid. The target com
pound was obtained after recrystallisation from dichlor
omethane (DCM) as a dark red powder (374 mg, 69%).

1H NMR (CDCl3, 300 MHz): δ ppm = 7.63 (d, 2H, J = 2.8 
Hz), 7.13 (dd, 2H, Jo = 6.0 Hz, Jm = 3.0 Hz), 6.77 (d, 2H, 
J = 9.0 Hz), 4.29 (s, 4 H).

ESI-MS: m/z 357.19 [M+ Na]+; m/z 373.26 [M + K]+.

2.3 Synthesis of 4,4ʹ-(ethane-1,2-diylbis(oxy))bis 
(benzene-1,2-diamine) (2)

To a solution of compound 1 (374 mg, 1.12 mmol) in 
EtOH (40 mL), SnCl2*2H2O (2.52 g, 11.16 mmol) was 
added in one portion and the solution was stirred at 
80°C for 17 h. The eluent was evaporated under vacuum 
to give a dark solid, which was maintained under inert 
atmosphere and carried to the next step without further 
purification (307 mg, quantitative yield).
2.4 Synthesis of 6,6ʹ-(ethane-1,2-diylbis(oxy))bis 
(quinoxaline-2,3-diol) (3)

To a solution of compound 2 (307 mg, 1.12 mmol) in HCl 
4 N (18 mL), oxalic acid (242 mg, 2.69 mmol) was added and 
the mixture was stirred at 110°C for 16 h. The reaction 
mixture was filtered through a Büchner funnel. The 
obtained solid was washed with water and subsequently 
dried under vacuum to give a dark purple solid 
(394 mg, 92%).

1H NMR (DMSO-d6, 300 MHz): δ ppm = 11.83 (d, 2H, 
OH, J = 16 Hz), 7.05 (d, 2 H, J = 8.7 Hz), 6.78 (dd, 2 H, Jo 

= 11.3 Hz, Jm = 2.6 Hz), 6.72 (s, 2 H, J = 2.5 Hz), 4.25 (s, 4 H).

2.5 Synthesis of 1,2-bis((2,3-dichloroquinoxalin- 
6-yl)oxy)ethane (4)

To a solution of 3 (200 mg, 0.52 mmol) in dry 1,2-dichlor
oethane (30 mL), dry DMF (5 drops) and POCl3 (1.95 mL, 
20.90 mmol) were added. The mixture was stirred at 80°C 

Figure 1. Vase-kite switching by controlling temperature, pH and solvent polarity.
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for 16 h, then cooled to room temperature and the 
solvent removed under vacuum. The crude was sus
pended in MeOH and filtered through a Büchner funnel 
to give a brownish solid (490 mg, 96%).

1H NMR (CDCl3, 300 MHz): δ ppm = 7.93 (d, 2 H, 
J = 9.2 Hz), 7.49 (dd, 2 H, Jo = 9.3 Hz, Jm = 2.7 Hz), 7.38 
(d, 2 H, J = 2.8 Hz), 4.55 (s, 4 H).

ESI-MS: m/z 456.97 [M + H]+.

2.6 Synthesis of baskets A

In a Schlenk flask, AC-2QxCav (53 mg, 0.05 mmol) was 
dissolved in 70 mL of dry DMF in an inert atmosphere. 
After the addition of K2CO3 (41 mg, 0.3 mmol) and 
ethylenedioxy bis-dichloroquinoxaline 4 (23 mg, 
0.05 mmol), the reaction was stirred at 80°C for 16 h. 
The solvent was removed under vacuum, H2O was 
added to the crude, and the suspension was sonicated 
and filtered. Purification by flash column chromatogra
phy over silica gel and subsequent preparative TLCs 
using DCM/MeOH 98:2 as eluent in both cases, afforded 
pure A-Cs (3 mg, 12%) followed by A-C2 (1.3 mg, 5%).

A-Cs. 1H NMR (CDCl3, 400 MHz): δ ppm = 8.38 (s, 2 H, 
ArHup), 8.33 (m, 2 H, QxH), 8.12 (s, 2 H, ArHup), 8.03 (m, 2 H, 
QxH), 7.87 (m, 2 H, QxH), 7.73 (m, 2 H, QxH), 7.40 (d, 2 H, 
QxH, J = 9.21 Hz), 7.20 (s, 2 H, ArHdown), 7.08 (s, 2 H, ArHdown) 
, 6.65 (dd, 2 H, QxH, J1 = 9.21 Hz, J2 = 2.58), 5.96 (d, 2 H, QxH, 
J = 2.58 Hz), 5.86 (t, 1 H, J = 8.25 Hz), 5.64 (t, 1 H, J = 8.32 Hz), 
5.58 (t, 2 H, J = 8.32 Hz), 3.69 (m, 2 H), 3.30 (m, 2 H), 2.39 (m, 
2 H), 2.27 (m, 2 H), 2.15 (m, 4 H), 1.41 (m, 32 H), 0.99 
(m, 12 H).

13C NMR (CDCl3, 100 MHz): δ ppm = 154.06, 153.60, 
152.87, 152.66, 152.54, 152.52, 151.56, 150.72, 140.48, 
140.16, 139.47, 135.78, 135.59, 135.49, 135.02, 129.47, 
129.10, 128.76, 128.46, 128.26, 124.00, 123.20, 122.82, 
119.64, 109.20, 64.98, 34.46, 34.12, 33.96, 33.57, 31.98, 
31.93, 31.81, 31.52, 30.69, 29.41, 29.34, 28.04, 27.90, 
22.69, 22.65, 14.10, 14.06.

MALDI-TOF: m/z 1387.6232 calculated for C86H83N8 

O10 [M + H]+, found 1387.6268; m/z 1409.6052 calculated 
for C86H82N8NaO10 [M+ Na]+, found 1409.6017.

A-C2 
1H NMR (CDCl3, 400 MHz): δ ppm = 8.27 (s, 2 H, 

ArHup), 8.25 (m, 2 H, QxH), 8.00 (m, 2 H, QxH), 7.98 (s, 2 H, 
ArHup), 7.87 (t, 2 H, QxH, J = 7.03 Hz), 7.77 (t, 2 H, QxH, 
J = 6.90 Hz), 7.46 (d, 2 H, QxH, J = 9.12 Hz), 7.36 (d, 2 H, 
QxH, J = 8.07 Hz), 7.22 (s, 2 H, ArHdown), 7.01 (s, 2 H, 
ArHdown), 6.65 (dd, 2 H, QxH, J = 6.78), 6.32 (d, 2 H, QxH, 
J = 2.55 Hz), 5.65 (t, 2 H, J = 8.11 Hz), 5.57 (t, 2 H, 
J = 8.20 Hz), 3.99 (m, 2 H), 3.40 (m, 2 H), 2.33 (m, 4 H), 
2.18 (m, 4 H), 1.35 (m, 32 H), 0.94 (m, 12 H).

13C NMR (CDCl3, 100 MHz): δ ppm = 154.11, 153.63, 
152.85, 152.70, 152.57, 152.53, 151.59, 150.74, 140.50, 
140.19, 139.45, 135.71, 135.53, 135.42, 135.11, 129.47, 
129.13, 128.77, 128.48, 128.25, 124.06, 123.21, 122.84, 
119.67, 109.24, 65.03, 34.41, 34.14, 33.99, 33.58, 32.00, 
31.95, 31.84, 31.55, 30.72, 29.43, 29.37, 28.09, 27.94, 
22.73, 22.68, 14.12, 14.07.

MALDI-TOF: m/z 1387.6232 calculated for C86H83N8O10 

[M + H]+, found 1387.6254 [M + H]+; m/z 1409.6052 
calculated for C86H82N8NaO10 [M+ Na]+, found 1409.6063.

2.7 Synthesis of N,N’-(propane-1,3-diylbis(2-nitro- 
4,1-phenylene))diacetamide (7)

Compound 6 (360 mg, 1.59 mmol) was suspended in 
15 mL of acetic anhydride, and the suspension was 
cooled down in an ice bath. p-Toluenesulfonic acid 
(665 mg, 3.5 mmol) and KNO3 (353 mg, 3.5 mmol) were 
added and the mixture was stirred overnight at room 
temperature. The reaction was quenched with 200 mL of 
water and the formed precipitate was sonicated, filtered 
off on a frit glass (G4), recovered with 20 mL of ethyl 
acetate, sonicated and filtered again. The obtained crude 
was purified with an automatic flash column in a linear 
gradient Hex = > AcOEt in 20 minutes. 475 mg of pro
duct 7 were obtained with an overall yield of 74%.

Chart 1. Possible rigidification of the quinoxaline cavitand. (a) Connection of all the quinoxaline moieties with ethoxy bridges; partial 
rigidification connecting two distal diazaphthalimide walls via (b) diacetylenic and (c) p-xylylene bridges.
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1H NMR (400 MHz, CDCl3) δ (ppm) = 10.26 (s, 2 H), 8.69 
(d, J = 8.7 Hz, 2 H), 8.02 (d, J = 2.0 Hz, 2 H), 7.48 (dd, 
J = 8.7, 2.0 Hz, 2 H), 2.79–2.65 (m, 4 H), 2.31 (s, 6 H), 1.99 
(t, J = 7.7 Hz, 2 H).

ESI-MS: m/z 271.13 [M-NO2
−]+, 317.15 [M + H]+.

2.8 Synthesis of 4,4ʹ-(propane-1,3-diyl)bis 
(2-nitroaniline) (8)

Product 7 (425 mg, 1.06 mmol) was suspended in 20 mL 
of ethanol and 2 mL of water. An excess of sodium 
hydroxide was added (400 mg, 10 mmol) and the reac
tion was stirred at 80°C for 5 h. The solvent was evapo
rated at reduced pressure and the crude extracted with 
3 × 20 mL of AcOEt. The organic phase was dried over 
anhydrous sodium sulphate and filtered. The crude was 
purified by flash chromatography using Hex:AcOEt as 
eluent in a linear gradient from 7:3 to 1:1 mixture in 
20 min. The desired product was obtained as yellow 
solid (302 mg, 90% yield).

1H NMR (400 MHz, CDCl3) δ (ppm) = 7.91 (d, J = 2.0 Hz, 
2 H), 7.19 (dd, J = 8.5, 2.1 Hz, 2 H), 6.75 (d, J = 8.5 Hz, 2 H), 
2.60–2.52 (m, 4 H), 1.88 (tt, J = 8.9, 6.9 Hz, 2 H).

ESI-MS: m/z 339.17 [M+ Na]+.

2.9 Synthesis of 4,4ʹ-(propane-1,3-diyl)bis 
(benzene-1,2-diamine) (intermediate 9) and 6,6ʹ- 
(propane-1,3-diyl)bis(quinoxaline-2,3-diol) (10)

Product 8 (302 mg, 955 μmol) was dissolved in 20 ml of 
THF, obtaining a clear yellow solution. The temperature 
was risen to 60°C under nitrogen. Hydrazine 80% 
(300 μL, 7.64 mmol) was added, followed by a catalytic 
amount of Nickel Raney. After 30 minutes the reaction 
was quenched. The unstable intermediate 9 was 
obtained after filtration of the catalyst on a glass filter 
under an inert atmosphere. The immediate addition of 
10 mL of HCl 4 M to the filtrate preserved the intermedi
ate from degradation. THF was removed under reduced 
pressure and the aqueous phase became pale yellow. 
The solution was immediately poured into a 100 mL 
round-bottom flask and oxalic acid (198 mg, 
2.20 mmol) was added. The temperature was raised to 
100°C and the reaction was left stirring overnight. The 
white precipitate formed was filtered on a glass filter 
(G4), obtaining 282 mg of 10 (81% yield).

1H NMR (400 MHz, DMSO-d6) δ (ppm) = 11.88 (2s, 4 H), 
7.05 (d, J = 8.6 Hz, 2 H), 6.96–6.90 (m, 4 H), 2.56 (t, 
J = 7.5 Hz, 4 H), 1.87–1.73 (m, 2 H).

MALDI-TOF: m/z 365,1250 calculated for C19H17N4O4 

[M + H]+, found 365,0837.

2.10 Synthesis of 1,3-bis(2,3-dichloroquinoxalin- 
6-yl)propane (11)

To a solution of 10 (280 mg, 768 μmol) in 20 mL of dry 
dichloroethane thionyl chloride (280 μL, 3.84 mmol) was 
added together with three drops of dry DMF as catalyst. 
The temperature was risen to 80°C and the inert atmo
sphere maintained. The reaction was stirred overnight 
and then quenched by adding 20 mL of methanol. The 
solvent was evaporated at reduced pressure, and the 
crude was suspended in methanol and filtered off. The 
product was obtained as white solid (252 mg, 75% yield).

1H NMR (400 MHz, CDCl3) δ (ppm) = 7.96 (d, J = 8.6 Hz, 
2 H), 7.82 (d, J = 1.4 Hz, 2 H), 7.65 (dd, J = 8.6, 1.9 Hz, 2 H), 
2.99–2.86 (m, 4 H), 2.19 (t, m, 2 H).

MALDI-TOF, m/z 438,9606 calculated for C19H13Cl4N4 

[M + H]+, found 438,9637.

2.11 Synthesis of baskets B

In a Schlenk flask, AC-2QxCav (27.4 mg, 25.4 µmol) was 
dissolved in 40 mL of dry DMF. After the addiction of K2 

CO3 (10.5 mg, 76.3 µmol) and 3-bis(2,3-dichloroquinox
alin-6-yl)propane (11) (12.2 mg, 28 µmol), the reaction 
was stirred at 80°C for 16 h. The solvent was removed 
under vacuum and the crude was purified by preparative 
TLC in DCM as eluent, affording pure B-Cs (1.7 mg, 5%) 
followed by B-C2 (0.7 mg, 2%). The low amount of B-C2 

obtained hampered the possibility of clean 1H-NMR 
spectrum. However, all the diagnostic peaks were clearly 
present for the univocal identification of the compound.

B-Cs. 1H NMR (CDCl3, 400 MHz): δ ppm = 8.43 (s, 2 H, 
ArHup), 8.37 (m, 2 H, QxH), 8.07 (s, 2 H, ArHup), 8.03 (m, 
2 H, QxH), 7.97 (m, 2 H, QxH), 7.74 (m, 2 H, QxH), 7.40 (d, 
2 H, QxH, J = 8.7 Hz), 7.17 (s, 2 H, ArHdown), 7.06 (s, 2 H, 
ArHdown), 6.76 (dd, 2 H, QxH, J1 = 8.6 Hz, J2 = 2.0), 6.57 
(dd, 2 H, J1 = 11.8, J2 = 1.9 Hz, QxH), 5.86 (t, 1 H, 
J = 8.2 Hz), 5.69 (t, 1 H, J = 8.2 Hz), 5.57 (d, 2 H, 
J = 8.4 Hz). 2.40 (m, 2 H), 2.28 (m, 8 H), 2.16 (m, 4 H), 
1.35 (m, 32 H), 0.94 (m, 12 H).

MALDI-TOF: m/z 1386.6750 calculated for C87H88N9O8 

[M+ NH4]+, found 1386.6932 [M+ NH4]+.
B-C2 

1H NMR (CDCl3, 400 MHz): δ ppm = 8.43 (s, 2 H, 
ArHup), 8.37z (m, 2 H, QxH), 8.07 (s, 2 H, QArHup), 8.04 (m, 
2 H, QxH), 7.96 (m, 2 H, QxH), 7.75 (m, 2 H, QxH), 7.47 (s, 
2 H, ArHdown, J = 9.12 Hz), 7.17 (s, 2 H, QxH), 7.06 (s, 2 H, 
ArHdown), 6.76 (dd, 2 H, QxH, J1 = 8.6, J2 = 2.0 Hz), 6.57 
(m, 2 H, QxH), 5.86 (t, 1 H, J = 8.2 Hz), 5.69 (t, 2 H, 
J = 8.2 Hz), 5.58 (t, 2 H, J = 8.2 Hz), 2.40 (m, 2 H), 2.29 
(m, 8 H), 2.16 (m, 4 H), 1.38 (m, 32 H), 1.25 (m, 12 H).

MALDI-TOF: m/z 1386.6750 calculated for C87H88N9O8 

[M+ NH4]+, found 1386.6876 [M+ NH4]+.
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3 Results and discussion

All cavitand baskets reported so far have a bridging con
nection between distal walls (AC mode, Figure 2a). We 
were interested in assessing whether the introduction of 
the basket bridge in a single step would have been suita
ble for the vicinal mode connection (AB mode, Figure 2b).

Out of the two synthetic routes to cavitand baskets, 
namely the introduction of functionalised quinoxaline 
walls followed by basket bridging (11a) and the single- 
step introduction of the two connected walls (11b) we 
opted for the latter. For this purpose, two bis- 
dichloroquinoxalines were prepared connected via ethy
lenedioxy and propyl chains, respectively (Schemes 1, 2).

Synthesis of bis-quinoxaline bridging moieties

1,2-bis((2,3-dichloroquinoxalin-6-yl)oxy)ethane building 
block 4 was synthesised via a four-step synthesis, with 
an overall yield of 61% (Scheme 1).

The first step involved the link of two 3-amino-2-nitro 
phenol moieties with ethylene di(p-toluenesulfonate) to 
give the diamino-dinitro intermediate 1. The two nitro 
groups of 1 were reduced in the presence of SnCl2, 
obtaining the tetraamino compound 2. Due to the 
high propensity of the amino groups to undergo oxida
tion, 2 was directly condensed with oxalic acid to obtain 
compound 3. Compound 3 was obtained in pure form 
directly as precipitate from water. The final step was the 
chlorination of 3 performed using POCl3 in 1,2-dichlor
oethane to give the desired synthon 4.

1,3-bis(2,3-dichloroquinoxalin-6-yl)propane 11 pre
senting a shorter all hydrocarbon C3 tether required 
a longer, more elaborate synthetic sequence (Scheme 
2). Both intermediates 5 and 6 were obtained by litera
ture procedure (12).

Compound 5 was obtained in low yields since differ
ent isomers were formed during the nitration reaction, 
and several recrystallisation steps were necessary to iso
late the desired isomer. The reduction of the two nitro 
groups on 5 required Ni Raney as catalyst and hydrazine 
as reducing agent, to give 6 in high yield. Subsequently, 
the amino groups of 6 were protected using acetic 
anhydride, followed by in situ nitration using KNO3 as 
nitrating agent to give 7 [22]. Removal of the acetyl 
groups under basic conditions afforded compound 8 in 
good yield. The subsequent reduction of the two nitro 
groups was performed following the same conditions 
used in step b), except for the use of THF as solvent, 
selected to favour the solubility of 8. Compound 9 was 
not isolated but directly converted into 10 via conden
sation with oxalic acid. The desired compound 11 was 
obtained in the last step by chlorination with SOCl2 in 
1,2-dichloroethane followed by precipitation and filtra
tion. The overall yield of the synthetic procedure is 9%.

Synthesis of baskets A and B

AB and AC dibridged quinoxaline cavitands were pre
pared following a known procedure (21). All attempts to 
form the AB connected basket with compounds 4 and 
11 failed. These reactions led to the exclusive formation 
of oligomeric material. A reasonable explanation of this 
failure can be attributed to the conformational flexibility 
of both di-bridging units, which disfavours the vicinal 
connection.

In contrast, bridging AC di-quinoxaline cavitand AC- 
2QxCav with 4 and 11 to give the corresponding bas
kets A and B turned out to be successful under the same 
conditions, as reported in Scheme 3. In both cases, the 
reaction leads to two different isomers, one charac
terised by a C2 symmetry (A-C2 and B-C2), and the 
other one by a Cs symmetry (A-Cs and B-Cs). Baskets A- 

Figure 2. (a) AC mode and (b) AB mode bridging connection.
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C2 and B-C2 present one C2 axis, with the quinoxaline 
linker crossing the cavity. Instead, baskets A-Cs and B-Cs 

present only a σ plane, since the linker moiety is on the 
same side of the scaffold. In both cases, the two isomers 
form in a ratio of Cs/C2 ≈ 2.5:1, highlighting that the Cs 

symmetry is favoured. In all cases, the yields are quite 
low, being oligomers the major components of the 
crude. Isolation of the baskets required in both cases 
extensive column chromatography and several prepara
tive TLCs.

The different symmetry of the two isomers allowed 
their identification through 1H NMR. In the case of basket 
A-Cs, the NMR assignment was confirmed by single- 
crystal X-ray diffraction analysis.

1H NMR analyses

The different symmetry of the two cavitands is reflected 
in the number of resonances of the methine protons of 

the resorcinarene skeleton in the 1H NMR spectrum. 
Cavitand A-C2 presents two methine resonances at 
5.6–5.7 ppm (pink dot – Figure 1 upper part) in 1:1 
ratio, in agreement with the symmetry of its structure, 
while A-Cs shows three resonances in 1:1:2 ratio (pink 
dot – Figure 3 lower part) in the same ppm range. The 
chemical shift of these resonances is diagnostic of the 
vase conformation for both cavitands in solution, as 
confirmed in the solid state for A-Cs by its crystal 
structure.

In both isomers, the ethylenedioxy bridge, indicated 
by light blue dots, appears as a pair of multiplets 
between 3.3 and 3.6 ppm (Figure 3). Its multiplicity and 
broadening are caused by the protons slow motion on 
the NMR timescale, which allows distinguishing between 
proton pointing inward or outward to the cavity. The 
quinoxaline resonances are between 6.0 and 7.5 ppm for 
the linked ones, and 7.5–8.0 ppm for the others. The 
resorcinarene aromatic protons are split into four 

Scheme 1. Synthetic pathway to obtain the bridging moiety 4. Conditions: a) ACN, K2CO3, 80°C, o.n., 69%; b) SnCl2*H2O, EtOH, 80°C, o. 
n., quantitative; c) oxalic acid, HCl 4 N, reflux, o.n., 92%; d) POCl3, DCE, DMF, 80°C, o.n., 96%.

Scheme 2. Synthetic pathway to obtain bridging moiety 11. Conditions: a) HNO3/H2SO4 in acetic anhydride, 95°C, 1 h, 23%; b) 
Dioxane, hydrazine hydrated 80%, Ni Raney, 60°C, 1 h, 93%; c) Acetic anhydride, R. T., 1 h; p-Toluenesulfonic acid, KNO3, R. T., o.n., 74%; 
d) EtOH, H2O, NaOH, 80°C, 5 h, 90%; e) THF, hydrazine hydrated 80%, Ni Raney, 60°C, 30 min, not isolated; f) Oxalic acid, 100°C, o.n., 
81%; g) DCE, DMF, SOCl2, 80°C, o.n., 75%.
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singlets, as expected by symmetry considerations. Both 
isomers are the result of a first attack of the dimeric 
compound 4 on AC-2QxCav, followed by reaction of 
the remaining portion either in a parallel or antiparallel 
mode on the remaining OHs. The formation of the Cs 

isomer is more favoured, as testified by the reaction 
yield.

Crystal structure of A-Cs

In the case of cavitand A-Cs, suitable crystals for X-Ray 
diffraction analysis were grown from DMSO. The 
obtained molecular structure is shown in Figure 4. 
Isomer A-Cs crystallises in the space group C2/c and 
the asymmetric unit comprises half of the molecule of 
the cavitand and two half molecules of DMSO. The 
whole molecules are generated by rotation around 
a 2-fold axis. As a result, the ethylenedioxy bridge is 
disordered over two equivalent positions, as are the 
two DMSO molecules which are located in the cavity 
and among the four alkyl feet. The quinoxaline walls 
bridged by the ethylenedioxy moiety are bent towards 
the inside of the cavity. This is evidenced by the 
C19B∙∙∙C20Bi (and the equivalent C20B∙∙∙C19Bi) distances 
of 4.714(5) Å (i = 1-x, y, 1/2-z) and by an inclination angle 
of 67.60(8)°. This is the angle between the mean planes 

passing through the walls and the mean plane passing 
through the eight O1/O2 oxygen atoms. By comparison, 
the corresponding values for the other pair of quinoxa
line walls are 10.377(4) Å for the C19A∙∙∙C20Ai distance 
and 89.49(7)° for the inclination angle. Due to the geo
metry of the ethylenedioxy bridge which leans more 
towards one of the two lateral walls, the opening of 
the cavity is asymmetric, as clearly shown by the space 
filling view in Figure 2C,D.

Synthesis of baskets B-Cs and B-C2

The formation of basket B was performed similarly to 
basket A, through a bridging reaction on AC-2QxCav in 
presence of bis-dichloroquinoxaline 11. Also, in this 
case, two isomers B-Cs and B-C2 were formed and sepa
rated via preparative TLC. As in the previous case, the 
distinction between the two isomers was performed 
through 1H NMR. In the case of basket B, the presence 
of a shorter link between the two quinoxaline moieties 
led to a reduction of the yield reaction compared to 
basket A. The main products are oligomeric species, 
present in the final crude and insoluble residue. It is 
interesting to note that, like basket A, the major product 
is the Cs isomer. Working under high dilution conditions 
did not affect the final yields.

Scheme 3. Synthesis of the four basket cavitands. Conditions: a) DMF, K2CO3, 80°C, o.n., A-C2 5%, A-Cs 12%. b) DMF, K2CO3, 80°C, o.n., 
B-C2 2%, B-Cs 5%.
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1H NMR analyses

Similar considerations for cavitands A can be applied 
to cavitands B, namely the different symmetry of the 
two isomers is reflected in the number of resonances 
of the methine protons of the resorcinarene skeleton 
in the 1H NMR spectrum. Basket B-C2 was obtained in 
only 2% yield (0.7 mg) so the low S/N ratio of the 
1H NMR spectrum (Supplemental material, Figure S1 
upper part), made the aromatic peak assignment dif
ficult. In the spectrum reported in Figure S1 – upper 
part, it is possible to clearly distinguish two methine 
resonances in the 5.6–5.7 ppm range (green dots) in 
about 1:1 ratio, in agreement with the symmetry of 
the structure. The low field shift of the methine pro
tons confirms that the cavitand is in a vase conforma
tion. The quinoxaline resonances can be seen 
between 6.5 and 8.3 ppm, while the bridging unit 

resonances are between 2.0 and 2.5 ppm, together 
with the protons of the cavitand chain.

As for isomer B-Cs, the 1H NMR shows for the methine 
protons three resonances around 5.9, 5.7 and 5.6 ppm in 
about 1:1:2 ratio (green dot – Supplemental material, 
Figure S1 lower part), respectively. In this case, the chemical 
shift of these resonances is also diagnostic of the vase 
conformation of the cavitand in solution. The quinoxaline 
resonances can be seen between 7.7 and 8.3 ppm, while 
the bridging unit resonances are between 2.0 and 2.5 ppm, 
together with some protons of the cavitand chain.

Conclusions

Four new quinoxaline-based cavitands, namely A-C2, A- 
Cs, B-C2, and B-Cs, possessing a narrow and partially rigid 
cavity have been designed and synthesised. The cavitands 

Figure 3. 1H NMR spectra of compounds A-C2 and A-Cs in CDCl3, 25°C, 400 MHz. Diagnostic peaks are highlighted with coloured dots.
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were obtained through a bridging reaction on an AC di- 
quinoxaline bridged cavitand, AC-2QxCav. Two different 
bridging units were used, an ethylenedioxy bis- 
dichloroquinoxaline synthon, obtaining baskets A, and 
a propane bis-dichloroquinoxaline unit, presenting 
a smaller linker between the two quinoxaline moieties, 
that led to basket B. In both cases, two isomers were 
obtained, differing in the symmetry of the cavity. In the 
isomers A-C2 and B-C2, the linker unit crosses the cavity 
providing a C2 symmetry, while in the isomers A-Cs and B- 
Cs, the linker is on the same side of the resorcinarene 
scaffold affording a Cs symmetry. The structure of the 
isomers was assigned via 1H NMR and, in the case of A- 
Cs, it was confirmed through X-Ray diffraction analysis. 
Both reactions showed a preference for the formation of 
the Cs isomer, probably due to the preferred orientation 
of the linker in solution. The slightly higher yields 
obtained for basket A with respect to basket B highlight 
that the longer linker between the two quinoxaline units 
allows a better insertion of the bridging unit. However, 
reduction of the length of the linker does not lead to AB 
bridging. These baskets will be tested as selective precon
centration units to investigate the role of partial cavity 

rigidification on the uptake/release of VOCs in air.
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