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Two organic synthetic reactions – mononitration and phosphorylation of crown-6 com-

pounds were performed under Cs+ cation monitoring via in situ complexation using

electrospray ionization mass spectrometry (ESI-MS). Formation of Cs+ complexes is a

rapid analytical tool for characterization of complex reaction mixtures.

Key words: nitration of calix crown compounds, mononitration of calix arenes, Cs+

spiking for detection of calix crown compounds via ESI, ESI of calix/crown compound

The use of calix[4]arenes in radioactive liquid waste treatment has been widely

studied because of their capacity to selectively extract the cesium Cs+ ion [1–7]. The

extraction of radioactive 135Cs and 137Cs from highly concentrated nitric acid – so-

dium nitrate slurries remains an important technological problem. Calix[4]arene

crown derivatives with one or two crowns of different size have been found to form

stable complexes in solution. More recently, the electrospray mass spectrometry

(ESI-MS) technique was used to study these complexes and together with molecular

modelling (MD) enabled confirmation of the existence of these complexes in gas

phase as well. For the calix[4]arene basic system, the attachment of one or two

crown-6 ether units via 1,3 or 1,3 /2,4 links engenders important selectivity because

the crown cavity is very well adapted to host the cesium ion [8,9]. In this note we

would like to present the reverse application of the cationization of calixcrown com-

pounds. Using in the ESI-MS, one can obtain an interesting detection tool for differ-

ent crown compounds. In a similar manner, several slightly polar or non polar
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compounds, e.g. terpenes, completely protected peptides or other difficult to pro-

tonate or to deprotonate natural products – could be analyzed by spiking the nebulizer

spray with e.g. silver salts [10]. Such methods could have many applications in or-

ganic synthesis.

As examples, two applications in the synthesis of nitro calix[4]arene crowns ob-

tained by irradiation of the calixcrown in presence of nitric acid and in the design of

potential extractants based on phosphorylated crowns are presented. Finally, the

mono or dinitrocalix[4]arene crown compounds are an interesting material for the

alkylamino (or aminoalkyl) derivative synthesis. We have performed this reaction

for two calix[4]arene crown compounds with one crown (MC-6) and two crowns

(BC-6) respectively, studied the extracting abilities of these compounds and designed

new crown esters for Cs+ complexation. The identification of crown compounds as

well as the reaction progress monitoring were performed using Cs+ complexes de-

tected under ESI monitoring.

The use of ESI-MS for semiquantitative analysis rised a question of the relation-

ship between the liquid phase concentration of some species and their concentration

measures in gas phase [11,12]. The straight application of ion intensities to estimate

the liquid phase concentration of these compounds is impossible. However, the

cross-comparison of the Cs+ complexation intensities to the data obtained from LC,

GC or column chromatography quantitation lead to an evaluation of the ESI as a

semiquantitative tool. In order to estimate this in a case of nitration of calix[4]arene

crown compounds both starting materials, MC-6 and BC-6, were used for calibration

purpose and the results were compared to those obtained from flash-chromatography.

In both cases, the ratios of e.g. MC-6 (or BC-6) and its corresponding nitro deriva-

tives were within a 10% range (for instance 3 ± 0.3%) when Cs+ complex detection

was used under ESI. These results suggested that when such highly crowded

(calix[4]arene, crown, iso-propoxyls) compounds are used, the nitration yield could

be reasonably well estimated from the ESI data, especially when starting material and

nitro derivatives maintained most of their structural features, has similar solubility

(in acetonitrile) and the same complexation toward Cs+ site.

The more formal calibration, using Cs+ complex mixtures e.g. of two or more

equimolar nitro compounds in this series, although more complicated, should also be

attempted and after the appropriate dilution could further assert this methodology.

RESULTS AND DISCUSSION

Nitration of dialkoxycalix[4]crown (MC-6). The nitro calix[4]crown com-

pounds are formed by calixcrown process of cesium removal from a radioactive waste

containing nitric acid. As a result of either radical �NO2 induced nitration because of

the presence of residual radioactivity or aromatic substitution in 3M HNO3 via NO2
�

several nitration products can affect the extractant capacity of host substrate by

blocking the cavity access for Cs+ or by damaging the extractant recovery cycle.
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Nitration of the 25,27-di-iso-propoxycalix[4]arene-crown-6 (MC-6) was studied

under different reaction conditions (HNO3/H2SO4, HNO3/CH3COOH and

KNO3/CF3COOH) and different temperature. Although dinitro calix[4]arene ((NO2)2

MC-6) was formed under all these reaction conditions, the best yields were obtained

with KNO3/CF3COOH (3 and 18 equivalents to respect with calixcrown) at room

temperature. Under these experimental conditions, the dinitro derivative was ob-

tained in 40% yield together with the trinitro compound ((NO2)3 MC-6) (3%),

mononitro (NO2-MC-6) (3%) and unreacted calix-crown-6 (MC-6) (40%) (Figs 1,3).

NMR spectroscopy studies have suggested that nitration occurs mainly in para to

the isopropoxy rather than in para to the crown position. Strong NOE (Nuclear

Overhauser Effect) contacts are present between the singlet of the protons of the ni-

trated aromatic nuclei and the signals of the protons on the polyether crown bridge.

Interestingly, Molecular Modelling experiments show that the products formed are

less stable than the corresponding dinitro compounds having nitro groups para to the

crown ether moiety. However, is generally admitted that the aromatic substitution re-

actions, SE, are kinetically controlled.

Nitration of calix[4]bis-crown (BC-6). We have performed the calix[4]arene bis

crown-6 (BC6) nitration using five soft procedures (a–e) leading to mononitration.

The monitoring of this reaction with ESI-MS on Cs+ spiked solution is fast and effi-

cient methods for nitro compounds detection. The reaction with an excess of nitric

acid can lead to tetranitro calix[4]crown compounds which, although formed under

radiolytic condition, they are not major or only nitro compounds present in a real nu-

clear cycle.

The mononitration was carried out according to three modes at low temperature

(–78�C) in a presence of acetic anhydride (method a) or trifluoroacetic anhydride

(methods b–d). The post reaction mixtures were analyzed via ESI after one drop of

CsCl molar solution spiking (methods a–e) and with KNO3/CF3COOH mixture

(method f) with Cs+(picrate chloride) spiking. It is assumed under these conditions

that the nitrosyl acetate CH3COONO2 (or trifluoroacetate) is a reagent, which under

these conditions released NO2
� producing substitution of the aromatic moiety, accord-

ing to the phenolic ester activation pattern in para position [11,12].

Using acetic anhydride (method a), tetranitro calix[4]arene bis crown-6 ((NO2)4

BC-6) was a sole product of nitration with a quantitative yield. The Cs+ ion detection

enabled to identify this product (ion at m/z 1141) together with approximately 1% of

mononitro calix[4]arene bis crown-6 (NO2 BC-6), ion at m/z 1006 and roughly the

same amount of the starting material (detected from ion at m/z 961). The search for a

clean mononitration was done, using methods b–e reaction conditions. With tri-

fluoroacetic anhydride (method b), dinitro (NO2)2 BC-6 (ion at m/z 1051) was ob-

tained as a major product (90%) (total yield 92%) together with 10% of starting BC-6;

mononitro, trinitro (NO2)3 BC-6 (m/z 1096) and tetranitro (NO2)4 BC-6 were on trace

level. The further modification of reaction conditions (method c, entirely at –78�C)

leads to a two product mixture obtained with 52% yield, a ratio of mononitro (NO2)

BC-6 to dinitro (NO2)2 BC-6 55:45 as identified by corresponding Cs+ ion complexes.
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The remaining 48% of mixture was a starting material BC-6. Finally, in this series of

reactions for BC-6, the mononitration only was achieved using diluted nitric acid at

–78�C (method d) with 20% yield. The nitration with HNO3 and acetic anhydride at

0–5�C (procedure e) leads to a mixture of 49% of nitro BC-6 derivatives (with

mononitration as a main product at 25%).

The same reaction carried out with HNO3 and trifluoroacetic acid at room temper-

ature for MC-6, produced three nitro derivatives: dinitro MC-6 (40%), trinitro MC-6

(12%) and mononitro MC-6 at 3% only, the remaining 40% of unreacted MC-6 was

recovered (method f).

Consequently, the method c, applied to 1,3-diisopropoxy calix[4]arene crown-6

(MC-6) nitration, leads to obtaining of mixture of mononitro (NO2) MC-6 (40%),

dinitro (NO2)2 MC-6 (50%) together with small quantities of tetranitro (NO2)4 MC-6

(5%) starting MC-6 (5%) and traces of trinitro MC-6 (total yield of 70% of organic

material recovery). The cationization was performed using Cs+ spiking with two

abundant ions at m/z 888 (NO2 MC-6) and at m/z 933 ((NO2)2 MC-6) observed (Figs 2,4).

Under this detection method, we assumed that the stability of complexes

calix[4]arene crown-Cs+, for both MC and BC, and their nitro derivatives are similar.

BC-6 R1 = R2 = R3 = R4 = H

NO2 BC-6
R1 = NO2

R2 = R3 = R4 = H

(NO2)2 BC-6
R1 = R2 = NO2

R3 = R4 = H

(NO2)3 BC-6
R1 = R2 = R3 = NO2

R4 = H

(NO2)4 BC-6 R1 = R2 = R3 = R4 = NO2
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Figure 1. Di-isopropoxycalix[4]arene-mono-crown-6 (MC-6) and its nitro derivatives.
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Figure 2. Calix[4]arene-bis-crown-6 (BC-6) and its nitro derivatives.
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Figure 3. ESI-MS (+) spectrum of nitro-MC-6 derivatives (procedure e, without separation); m/z 843

(MC-6, starting material), 888 (NO2-MC-6-Cs+), 933 ((NO2)2-MC-6-Cs+), 978 ((NO2)3-

MC-6-Cs+).

Figure 4. ESI-MS (+) spectrum of nitro-BC-6 derivatives (procedure b, without separation); m/z 961

(BC-6-Cs+, starting material), 1006 ((NO2)-BC-6-Cs+), 1051 ((NO2)2-BC-6-Cs+), 1096

((NO2)3-BC-6-Cs+), 1141 ((NO2)4-BC-6-Cs+).



Crown ether phosphates (Phosphate ester crown ethers). Simultaneous pres-

ence of crown and phosphate functions on the same molecule offered an excellent re-

ceptor for cation species. The complexation of Cs+ by crown-6, as well as its capacity

to bind the neutral and solvent molecules can be used in a design of an analytic

method for a follow-up of this cation species during extraction process. The presence

of two or three crown-6 ether cycles attached to phosphate is also a simple way to

complex more than one cation. The 2-(hydroxymethyl) 18-crown-6 phosphate syn-

thesis was recently reported [13,14], the triester seems to be easily formed in the reac-

tion of the alcohol with phosphorus oxychloride in pyridine. Although, we were not

able to reproduce the reported yield or the purity of this reaction, the treatment of re-

sulting crude mixture with Cs+ leads to detection of triester Cs+ ion at m/z 1059.4 and

doubly charged triesterCs 2
2+ ions (m/z 596.2) but not the complex ion containing three

Cs+. Different ionic species enabled to identify a diester at m/z 651, protonated

triester at m/z 927 and starting crown alcohol protonated or cationized with one Cs+

(at m/z 295 and 427 respectively) as well as their pyridine adducts (Fig. 5).

The complexation of the triester by one or two cesium cations only was confirmed

by molecular modelling. The third Cs+ cation is immediately ejected when MD exper-

iment was performed. The triscrown phosphate privileged one complexation only ac-

cording to the octopus type stable conformation ((RO)3 P=O geometry) (Fig. 6).

706 C.K. Jankowski et al.

Figure 5. 2-(Hydroxymethyl) 18-crown-6 phosphates synthesis (Schroeder, Gierczyk method without

separation); m/z 427 (starting alcohol - Cs+), 651 (diester-H2O-H+), 7 (diester-H2O-Cs+), 927

(triester-H+), 1059 (triester-Cs+), 1006 (triester-H+-pyridine).



Influence of nitration of calixarenes on cesium extraction. Distribution coeffi-

cients of sodium and cesium insertion in crown substrate were also studied for some

nitrated calixarenes and compared to that of starting MC-6 and BC-6. As expected,

the nitration has more effect on distribution coefficients of (NO2) MC-6 than that

(NO2) BC-6, for the latter the cesium is simply located in the crown opposite to NO2

[15] (Fig. 7). The steric hindrance of NO2, which makes difficult the access of cation

to the complexation site, is particularly evidenced by very low values of cesium dis-

tribution coefficients (DM, see Experimental) obtained for (NO2)2 MC-6 and (NO2)4

BC-6 [16]. These DM values were obtained in liquid-liquid extraction between the ni-

tric phase and nitrophenylhexylether (NPHE) experiments using 22Na and 137Cs � ac-

tivity measurements. Both radioactive isotopes were used as spiking agents to

evaluate this distribution coefficient for organic (NPHE) and aqueous nitric phases.

The very low distribution coefficients of (NO2)2 MC-6 are explained by the nitration

of benzene units in para to di-iso-propoxy position. In para to crown position, the de-

crease of extracting ability should be less marked.

Interested by the ESI induced cationization species presence, we have performed

a series of MS-MS experiments observing also an important stability of pyridine in-

sertion into the triester Cs+ ion as well as a similar behavior of the diester Cs+ ion and

its pyridine insert analog, both present in post reaction mixture.
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Figure 6. Complexation [2-(hydroxymethyl)-18-crown-6]yl phosphate by Cs+ (modelling, HyperChem).



The cationization with Cs+ under simple ESI-MS technique was found once more

as being an efficient and fast tool for detection of several crown-6 compounds. It was

possible, with a careful match between a cationic species and a crown cavity size, to

monitor different organic synthetic reactions progress.

This technique enabled also to confirm some preliminary observations from the

extraction and chromatographic experiments on the real life waste studies in progress

in our laboratories.

Table. Cesium and sodium distribution coefficient of sodium and cesium insertion into host crown

substrate DM (CsNO3 5�10–4 M).

HNO3 (1M)

NaNO3

NaNO3 (4M) + HNO3 (1M)

22
Na

137
Cs

137
Cs

MC-6 < 10–3 28.5 18.5

(NO2) MC-6 < 10–3 1.05 0.65

(NO2)2 MC-6 < 10–3 0.04 0.03

BC-6 < 10–3 19.5

(NO2) BC-6 < 10–3 8.5 6

(NO2)4 BC-6 < 10–3
6�10–3 < 10–3

708 C.K. Jankowski et al.

Figure 7. BC-6 complexation with Cs+.



EXPERIMENTAL

The ESI (+) mass spectra were recorded on a triple quadrupole Quattro II(Micromass, UK). The sam-

ple was dissolved in acetonitrile, spiked with CsCl and introduced through a syringe pump (Harward Ap-

paratus 11, Cambridge, MA, USA) at a rate of 10 �l/min. The ESI-MS was performed in the positive ion

mode (+) and the tension of the capillary was maintained at 3 kV. The cone voltage was set first at ca 20 V

and a skimmer voltage at 1.5 V. The ions detected were monitored over a mass range of m/z 100–1300 in

120 sec. At least 20 scans were averaged to obtain the reported spectra (available from CKJ, U. de

Moncton, Moncton, Canada).

The semiquantitative analysis of spectra was performed using starting MC-6 and BC-6 compounds

by comparing the results of flash-chromatography on crude mixtures, prior the separation of individual

nitro compounds, with those obtained under Cs+ spiking. The results obtained were within 10% range

(e.g. for nitration of MC-6), the post reaction crude mixture showed (NO2) MC-6 to MC-6 ratio of 42÷36

from ESI compared to 40÷40 using flash chromatography (with 10% of the material unaccounted for).

This observation meant that no significant difference in relative ratio of nitro compounds was found using

these two methods. This problem was discussed in a series of references quoted in this paper

[11,12,15,17,18] as well as from our group works (using ERMS curves, solvent-cation affinity study and

calibration of ESI spectra) [19,20].

Starting calixarenes mono crown and bis crown were respectively synthesized by Ungaro and

Casnati [2] and by Vicens and Asfari [4]. Cesium derivatives were purchased from Johnson-Mattey

Chemicals (Royster, UK). The ESI solvent acetonitrile, HPLC 99.8%, was purchased from Carlo Erba

(France).

For some of these compounds, the CI (+) (CH4, Finnigan MAT SSQ710) or FAB (+) mass spectra,

were also recorded. The structure determination of most of nitro compounds were confirmed by NMR

spectroscopy.
1H NMR spectra were recorded on a Bruker 200 MHz or 300 MHz using TMS as internal standard,

chemical shifts � are expressed in ppm and coupling constant J in Hz. TLC were performed on precoated

silica gel plates Merck 60 F254. The molecular modelling was done using Hyper Chem II (Mm+). All cal-

culated energy values for calix[4]arene crown compounds of this series are also available on request.

Nitration of MC-6. To a solution of MC-6 (0.800 mg, 1.12 mmol) in dry CH2Cl2 (15 mL), KNO3

(0.341 mg, 3.37 mmol) was added and the mixture was stirred at room temperature under dry nitrogen atm

for one hour. Upon addition of trifluoroacetic acid (TFA, 1.56 mL, 0.02 mol) the reaction mixture turns

dark violet. After 24 hours the reaction was quenched with water (20 mL) and the organic layer separated.

Dichloromethane was evaporated in vacuo and an orange solid residue was submitted to flash chromato-

graphy (SiO2, hexane/ethyl acetate (3/2)). The (NO2)2 MC-6 was obtained in 40% yield together with

(NO2)3 MC-6 (3%) and NO2 MC-6 (3%), the starting MC-6 being at 40%.

Nitration of BC–6.

Procedure a. 10 mg of BC-6 in 0.5 mL of CH2Cl2 was stirred at –78�C. At this temperature, 0.04 mL

of HNO3 (conc.) was added, the mixture turned immediately brown. Slowly, the temperature was brought

to 25�C and 0.05 mL of acetic anhydride was added, then reaction continued at –78�C for five minutes.

The mixture was taken out of cooling bath and 2 mL of CH2Cl2 were added at room temperature. The di-

chloromethane solution was treated with an excess of triethylamine, extracted twice with 2 mL of CH2Cl2.

The organic extracts were then washed with water, HCl 0.1 M, once more with water and saturated solu-

tion of NaCl. CH2Cl2 fraction was dried over anhydrous MgSO4, producing after evaporation 12 mg of

material analyzed by ESI. Total calix[4]arene products yield: quantitative, the major identified product

(NO2)4 BC-6 99%.

Procedure b. Same as in a, except the use of trifluoroacetic anhydride instead of acetic anhydride.

The persistent brown coloration was observed with the HCl 0.1 M work-up step. Yield: 9.3 mg of mixture

analyzed by ESI. Major product (NO2)2 BC-6 (92%).

Procedure c. Reaction followed the same pathway that b but entirely at –78�C (except extraction and

work-up). Yield: 5.3 mg (52% of nitro compounds, 48% of starting BC-6). Major products (NO2) BC-6

55%, (NO2)2 BC-6 45%.

Procedure d. Reaction made entirely at –78�C with HNO3 (3%) according to procedure b gave (NO2)

BC-6 (20%), and 80% of recovered BC-6 (starting material).

Nitration of calixcrown 6 influence on extracting abilities... 709



Procedure e. A mixture of BC-6 (0.828 g, 1 mmol), dichloromethane (40 mL) and acetic anhydride

(20 mL) was placed in constant temperature at 0 and 5�C, then concentrated nitric acid (10 mL) was

added. After 2.5 h, water and dichloromethane were added to stop the reaction. The organic layer was

dried over MgSO4, filtered and evaporated on rotary evaporator. The residue was chromatographed on a

silica column using 80:20 dichloromethane – acetone as eluent to afford: NO2 BC-6 (220 mg, 25%, Rf

0.39), (NO2)2 BC-6 (101 mg, 11%, Rf 0.54), (NO2)3 BC-6 (71 mg, 8%, Rf 0.71), (NO2)4 BC-6 (50 mg, 5%,

Rf 0.79), and starting material BC-6 (423 mg, 51%, Rf 0.34).

Extraction. The �, � emitters 22Na, 137Cs used for spiking the waste simulant were obtained from

Amersham. The solvent nitro phenyl hexyl ether (NPHE), synthesized by Eras Labo (Isére, France), was

used without further purification. Calixarenes were dissolved in NPHE at a concentration of 10–2 M in

NPHE. Liquid-liquid experiments were performed by contacting for one hour the same volume of organic

and aqueous nitric phases inside agitated tight tubes placed in a constant temperature enclosure (25 ±

0.2�C). Complete separation of phases was ensured by placing the tubes into a centrifuge for five minutes.

Then aliquots of aqueous and organic were removed for analysis by � spectrometry (Eurysis Measures).

The measurement duration were adapted to obtain a reproducibility between ± 5%.

The distribution coefficients DM were determined as the ratio of cation � activity in the organic phase

to � cation activity in the aqueous phase [15,16].

DM =
[ ]

[ ]

M

M

	
	

NMR General.

NO2 MC-6 (11-Nitro-25,27-di-iso-propoxycalix[4]arene-26,28-crown-6). 1H NMR (300 MHz,

CDCl3): � 8.00 (s, 2H, NO2ArH), 7.06 (d, 2H, ArH, J = 7.3 Hz), 7.04–6.99 (m, 4H, ArH), 6.81 (t, 3H, ArH,

J = 7.3 Hz), 4.46–4.36 (m, 1H, OCH(CH3)2), 4.25–4.17 (m, 1H, OCH(CH3)2), 3.88 (d, 2H, ArCHAr, J =

15.6 Hz), 3.83 (d, 2H, ArCHAr, J = 15.8 Hz), 3.80 (d, 2H, ArCHAr, J = 15.6 Hz), 3.75 (d, 2H, ArCHAr, J =

15.8 Hz), 3.64 (s, 4H, OCH2CH2O), 3.61–3.44 (m, 12H, crown), 3.35–3.27 (m, 4H, crown), 0.95 (d, 6H,

OCH(CH3)2, J = 6.1 Hz), 0.88 (d, 6H, OCH(CH3)2, J = 6.1 Hz); MS (PI-CI) m/z: 757 (MH)+ 100%.

(NO2)2 MC-6 (11,23-Dinitro-25,27-di-iso-propoxycalix[4]arene-26,28-crown-6). 1H NMR (300

MHz, CDCl3): � 8.00 (s, 4H, NO2ArH), 7.04 (d, 4H, ArH, J = 7.5 Hz), 6.86 (t, 2H, ArH, J = 7.5 Hz),

4.43–4.37 (m, 2H, CH(CH3)2), 3.91 (d, 4H, ArCHAr, J = 16.0 Hz), 3.83 (d, 4H, ArCHAr, J = 16.0 Hz),

3.59 (t, 4H, ArOCH2CH2O, J = 6.3 Hz), 3.56 (s, 4H, OCH2CH2O), 3.53–3.45 (m, 8H,

ArOCH2CH2OCH2CH2O), 3.21 (t, 4H, ArOCH2CH2O, J = 6.3 Hz), 0.90 (d, 12 H, CH(CH3)2, J = 6.0 Hz);

MS (PI-CI) m/z: 801 (MH)+ 30%.

(NO2)3 MC-6 (5,11,23-Trinitro-25,27-di-iso-propoxycalix[4]arene-26,28-crown-6). 1H NMR

(300 MHz, CDCl3): � 8.04 (s, 4H, NO2ArH), 8.02 (s, 2H, NO2ArH), 7.05 (d, 2H, ArH, J = 7.5 Hz), 6.87 (t,

1H, ArH, J = 7.5 Hz), 4.47–4.41 (m, 2H, OCH(CH3)2), 3.94–3.82 (m, 8H, ArCH2Ar), 3.64 (t, 2H,

ArOCH2CH2O, J = 5.6 Hz), 3.56–3.43 (m, 16H, OCH2CH2O), 3.21 (t, 2H, ArOCH2CH2O, J = 5.6 Hz),

1.01 (d, 6H, CH(CH3)2, J = 6.0 Hz), 0.93 (d, 6H, CH(CH3)2, J = 6.0 Hz); MS (PI-CI) m/z: 846 (MH)+

100%.

NO2 BC-6: 1H NMR (200 MHz, CDCl3): � 3.91 (m, 8H, O-CH2), 3.42–3.54 (m, 8H, O-CH2),

3.58–3.64 (m, 16H, O-CH2), 3.65 (s, 4H, Ar-CH2), 3.70 (s, 4H, Ar-CH2), 3.82–3.96 (m, 8H, O-CH2), 6.91

(m, 3H, H Ar), 7.12 (m, 6H, H Ar), 8.04 (s, 2H, NO2-Ar H), m/z (PI-FAB) 814.5 (MH+) [16].

(NO2)2 BC-6: 1H NMR (200 MHz, CDCl3): � 3.25–3.91 (m, 48H, O-CH2, Ar-CH2), 6.89–6.97 (m,

2H, H Ar), 7.10–7.16 (m, 4H, H Ar), 8.04 (s, 4H, NO2-Ar H), m/z (PI-FAB) 919.3 (MH+).

(NO2)3 BC-6: 1H NMR (200 MHz, CDCl3): � 3.25–3.95 (m, 48H, O-CH2, Ar-CH2), 6. 98 (t, J = 7 Hz,

1H, H Ar), 7.16 (d, J = 7 Hz, 2H, H Ar), 8.06 (s, 2H, H Ar), 8.08 (s, 4H, NO2-Ar H), m/z (PI-FAB) 1005.6

(M + Na + H2O)+.

(NO2)4 BC-6 : 1H NMR (200 MHz, CDCl3): � 3.39 (t, J = 6 Hz, 8H, O-CH2), 3.49 (s, 16H, O-CH2),

3.53 (s, 8H, Ar-CH2), 3.74 (t, J = 6 Hz, 8H, O-CH2), 3.97 (s, 8H, O-CH2), 8.10 (s, 8H, NO2-Ar H), m/z

(PI-FAB) 1009.3 (MH+).
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