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Abstract

A new isomer, not previously detected, is the kingroduct of the octabromination (NBS,
CH.Cl,, rt, 60 W Vis irradiation) op-tert-butylcalix[8]arene octamethyl ether. On the baxis
the signal pattern in the NMR spectrum, and thétsg of methoxy signals in the presence of a
chiral solvating agent, the isolated product isgaesd as one of the two possible achiral forms of
Cs symmetry, where the mirror symmetry operation ¢isséwvo opposite aryl rings.
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Introduction

The “classic” calix[n]arenes are cyclic moleculessisting of an alternating array of phenol and
methylene moietiel? Several synthetic methods have been developediregabe preparation

of derivatives substituted at the bridd&%® Calixarenes monosubstituted at all bridges by
bromine atomsH-8) are useful compounds for the preparation of eatires derivatives with a
wide array of substituted bridgt$?® These bromo derivatives can be prepanéd
photochemical bromination of the correspondingxeatine methyl ethefis-4,1%-22242
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t-Bu t-Bu

n n
OMe OMe Br
1: n=4 5: n=4
2. n=5 6: n=5
3: n=6 7: n=6
4: n=8 8: n=8

The hexabromocalix[6]arene derivativereacts with a variety of O-, N-, and even C-
nucleophiles under \@ conditions affording a wide array of methylenedtionalized
calix[6]arenes derivatives. For example, heatingeftux a mixture of7, 2,4-pentanedione and
hexafluoroisopropanol (HFIP) yields the derivat®én a reaction involving sixfold C-C bond
formation (Eq. 1)

t-Bu
t-Bu
2.4-pentanedione
6 g ()
HFIP
OMe Br 6
OMe R
62%
7 9 (62%)
R= Mehl\/le
O 0]

Due to the presence of stereocenters (the monasuedtbridges), several stereoisomeric
products may be possible for both the bromocalxasgarting material and the reaction product.
These isomers arise from the relatois or trans disposition of pairs of substituents at adjacent
bridges. Hexabromocalix[6]arerteis obtained in the bromination step exclusivelyresallcis
form, and its reactions with nucleophiles also @ffthe alleis derivatives’*

Bromination of the octamethyl ether pitert-butylcalix[8]arene4 with excess NBS under
irradiationhas been reported to afford a major octabromo mta&itr The NMR spectrum of this
product consisted of a very simple pattern of dgjiisingle singlets for the aromatic, methine,
methoxy andt-Bu groups)y> In principle, eighteen isomers are possible ofsee Figure 1)
resulting from thecis or trans dispositions of the bromines on the brid§edhe spectrum
reported (assuming fast rotations of the aryl riogghe NMR timescale) indicates a molecule of
high symmetry, and is consistent only with thecadler all-transisomers.
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We conducted the bromination #fwvith NBS in both CCJand CHCI; and, in our hands, in
both cases the product consisted in a nearly icinthixture of octabromo derivativésThe
major isomer displayed four doublets for the aracnptotons, three signals in a 2:4:2 ratio for
the methine protons, and two singlets for B groups, in agreement with struct@ig(i.e., of
rtsct3 configuration). This major isomer could be isotatyy trituration of the mixture with cold
isopropanol. A partial characterization of the rekthe isomers was performed based on the
pattern of signals in théd NMR spectrunf.

1-Bu

1-Bu
8i
Upon standing in CDGlsolution, 8i isomerized to a mixture of isomers identical tatth
obtained in the crude mixture of brominated produ€his indicates that the mixture obtained in
the bromination in our hands is an equilibrium et of stereoisomers. Reaction&for the
isomeric mixture withp-xylene afforded identical products: a calix[8]azederivative with the
eight bridges monosubstituted by xylyl grodps.
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Figure 1. Schematic representation of the eighteen possthéstereomeric forms of
octabromocalixaren8 (for the chiral forms, only one enantiomer is dégmily. The edges and
vertices of the octagon represent the rings andtguted bridges, respectively. Structures in
blue and red possess a single symmetry elementofnpilane or G axis, respectively) bisecting
a pair of opposite rings.

Recently, we repeated the bromination reactionHia,, and surprisingly obtained a single
isomer of the octabromo derivative, not detectethenmixture of isomers previously obtained.
This work was conducted to attempt to charactehizenew product.

Results and Discussion

We performed the reaction 4fwith NBS in dichloromethane (room temperaturehvavernight
irradiation of a 60 W lamp. Examination of the ceyztoduct obtained indicated the formation of
a new single octabromo product, not previously oleze (by NMR) in the equilibrium mixture
of isomers. Bromination a&f in CCl, under reflux conditions resulted in the equililbniisomeric
mixture previously observed. Increasing the powkethe lamp to 150 W (which heated the
solution to reflux) resulted also in the formatiointhe new isomer, although some isomerization
was observed as well. This product was also difteirem the highly symmetric isomer reported
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in the literaturé> Examination of a sample of the product in CP@ifter standing in the NMR
tube for four days at room temperature indicatecdd@mplete isomerization into the equilibrium
mixture of octabromo isomers. The isomerizationtte$ product was significantly slower in
CsDs. This isomerization, which most likely involvesregsible heterolytic cleavage of the C-Br
bonds, is facilitated by the more polar chlorofaoivent.

The new product displayed five signals for tiBu groups, five signals for the methoxy
groups (both groups of signals in a 2:2:2:1:1 jafiour singlets for the methine groups, and two
singlets and five doublets (one doublet with doublensity) for the aromatic protons (Figure 2).
This pattern of signals is consistent with an oaiaipcalix[8]arene derivative possessing a
single symmetry element (mirror plane Gp axis) bisecting two opposite rings. From the
structures displayed in Figure 1, only the pairststictures in red8g and 8j) and the pair of
structures in blue8c and 8d) possess those symmetries. The two structuresdrare chiral,
while the two structures in blue are achiral forms.
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Figure 2. Top: '"H NMR spectrum (400 MHz, CDgl rt) of the kinetic product of the
bromination of4. Bottom: expansion of the methine and aromatirey
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In an attempt to ascertain whether the configunatad the kinetic product isolated
corresponds to either the chiral or achiral stmeguthe NMR spectrum was determined §pg
in the presence of a chiral solvating agent. Im@ple, the chiral and achiral forms may be
distinguished by the different splitting of the mexy signals in a chiral medium. Since the
bromination step was conducted under symmetricir@ghconditions, if the kinetic product
corresponds to one of the two chiral forms in kemth enantiomers of the form should be present
(i.e., a racemic mixture). In the chiral forms, pairsye#thoxy groups related by the &/mmetry
operation are homotopic. In addition, a methoxyugrof a given enantiomer is mirror-related to
a methoxy in the enantiomeric form and therefore ttvo are enantiotopic by external
comparison. This is schematically shown in Figuferdisomer8e where letters (a-e) represent
different magnetic sites for the methoxy group€nittal letters represent homotopic groups
(e.g., the two methoxy groups designated as “bthi@ left structure) and letters in italics
represent groups that are enantiotopic to the sporeding non-italicized letters.¢., b andb are
enantiotopic groups).

enantiomers
Figure 3. Homotopic and enantiotopic groups in the chiraifriso8e.

Since enantiotopic groups can be differentiatethan NMR in a chiral (and non-racemic)
medium, each of the five methoxy signals is expktbesplit into two signals of equal intensity,
affording a total of ten signals in the presencéhefchiral solvating agent. Similarly, ten signals
are expected in the NMR for a racemic mixtur&joih a chiral medium.
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t-Bu

Figure 4. Homotopic and enantiotopic groups in the achiraiisr8c.

In the two achiral form$8c and8d, only the three pairs of methoxy groups relatedthsy
mirror symmetry, are pairwise enantiotopic (by intsd comparison). This is exemplified f8c
in Figure 4. In the presence of a chiral solvataygnt these pairs of enantiotopic groups are
expected to become anisochronous, resulting in tal tof only eight signals. Signals
corresponding to the three pairs of enantiotopi¢chmey groups should be readily identified
since each of these signals should possess intaggatvice as large as the integration of the two
unique signals corresponding to the two methoxygsoon the two opposite rings bisected by
the mirror planed.g., methoxy groups “a” and “e” in Figures 3 and 4).

Saturation of a solution of the new isomer igbgwith 1,7-bi-2-naphthol § resulted only
in a very small splitting of a one of the methoxynsls with double intensity, but with (+) 2,2,2-
trifluoro-1-(9-anthryl)ethanol (Pirkle’s reagefft)clear splitting was observed in the three
methoxy signals with double intensity, while theotwsignals integrating for a single methoxy
group remained unchanged (Figure 5).
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Figure 5. 'H NMR spectrum (500 MHz, §Ds, rt) of the methoxy region of the kinetic prodoét
the bromination before (bottom, in red) and aft@p( in blue) saturation with§(+)-2,2,2-
trifluoro-1-(9-anthryl)ethanol. The expansion ofethop spectrum shows the splitting of the
signal at 3.19 ppm. The peakcat 4.26 ppm is attributed to residual &E.

Assuming that under the experimental conditionsttal enantiotopic methoxy groups are
anisochronous, we assign to the kinetic productadribe achiral structures denoted in blue. (
the structure of the compound is eitBeror 8d). An unambiguous structural assignment of the
configuration could obviously be obtained by X-raystallography, but unfortunately all our
efforts to grow single crystals of the compoundoat temperature in benzene solution (to avoid
isomerization) have failed.

At present we are not certain why in the past wiaiobd in the bromination of in CH,CI, a
mixture of isomers, while presently we are obtagni single isomer, although it could be
possible that impurities in the GEl, solvent previously used catalyzed the isomerinatibthe
product.

Conclusions
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A previously undetected isomer is the kinetic prdof the octabromination of under our
experimental conditions. On the basis of the NMRgpa of the methoxy signals in the absence
and presence of a chiral solvating agent, its &irads assigned as one of the two achiral forms
depicted in blue in Figure 1.

Experimental section
NMR measurements were conducted on a Bruker AvBifoé-400 instrument.

2,8,14,20,26,32,38,44-Octabromo-5,11,17,23,29,3%44octatert-butyl-49,50,51,52,53,54,-
55,56-octamethoxycalix[8]arengkinetic isomer). A mixture of (2 g, 1.42 mmol), NBS (2.07
g, 11.4 mmol), and dichloromethane (100 mL) wasesti overnight at room temperature under
irradiation with a spot lamp (60 W). A saturateduson of N&S,0s was added (150 mL), and
the organic phase was washed with water and euviggoaxamination of the NMR of the crude
product indicated the formation of essentially agk isomer. The residue was dissolved in
benzene and after standing for a few days, 1.2180]J4f the product precipitated, mp 189-190
°C.'™H NMR (CDCk, 400 MHz) 5 8.06 (Ar, d,J 2.4 Hz, 2H), 8.04 (Ar, dJ 2.0 Hz, 4H), 8.01
(Ar, d,J 2.4 Hz, 2H), 7.41 (Ar, d] 2.0 Hz, 2H), 7.20 (Ar, s, 2H), 7.13 (Ar, s, 2H)08 (Ar, d,J

2.4 Hz, 2H), 6.98 (CH, s, 2H), 6.96 (CH, s, 2H),%(CH, s, 2H), 6.63 (CH, s, 2H), 4.46 (OMe,
s, 3H), 4.05 (OMe, s, 3H), 3.95 (OMe, s, 6H), 3(@Me, s, 6H), 2.92 (OMe, s, 6H), 1.45Ru,

s, 18H), 1.34Bu, s, 18H), 1.22t{Bu, s, 18H), 1.09t{Bu, s, 9H), 0.98t(Bu, s, 9H) ppm**C
NMR (CDCk, 100 MHz) 6 153.0, 151.4, 150.65, 150.60, 150.1, 148.1, 14749,5, 147.1,
135.8, 134.9, 134.6, 133.5, 133.3, 133.13, 133138.6, 129.3, 128.1, 127.5, 126.9, 126.6,
126.3, 62.5, 61.9, 61.6, 60.7, 43.7, 42.8, 42.45,435.25, 35.16, 35.07, 34.9, 34.8, 31.8, 31.64,
31.63, 31.4, 31.3 ppm. HRMS (ESi¥z 1954.3323 (M-Br - H). Calcd for ggH12108Br7:
1954.3345.
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