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Abstract

The solid complexes of resorc[4]arenes with amines, amino alcohols, and pyridine were obtained. Their
composition was determined by 'H-NMR and spectrophotometric methods. For selected compounds, the
composition was confirmed by the mass spectra. The crystallographic composition of the complex of

vraoArnaarana Ty s A f e 1000 11,

calixresorcarene with py’liuiuc was determined. © 1998 Elsevier Science Lid. All righis reserved.
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Introduciion

The intermolecular interactions leading to the formation of supramolecular complexes are
the base of the biological processes[1]. Calixarenes belong to the compounds frequently
investigated in complexation studies[2] and, in special, tetramethylresorc[4]arene (1), due to
the presence of eight hydroxy groups, has the unusually high ability for complexing of polar
organic molecules. The complexing abilities do not restrict to neutral molecules only [1], but
they involve also metal and ammonium cations[3]. Aoyama et al. for the first time investigated
the complexation of 1 with the biologically important compounds such as sugars, amino acids,
carboxylic acids and glucosides[4].

This paper concerns the complexation of the resorc[4]arene 1 with primary and secondary
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amines (including chiral amines), chiral amino alcohols and pyridine. Such complexes can be
ed in the solid form in high yields. These can be, in turn, used for partial

:7 £
]
3
2
()
=
]
(]
48]
)
&2
o
3

latform, e.g. by the selective
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Results
Complexation of tetramethylresorc[4]arene 1 with secondary
results in formation of 1 : 2 complexes in 60-80% vield. The
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based on the '"H NMR spectra.

he amines used in complexation studies are:
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2), diethylamine 3), diisopropylamine (4), morpholine (5), and piperidine (6) (Scheme).
Compared to pure 1 in DMSO, the 'H NMR spectra of the compiexes show a downfieid shift
of 0.2 to 0.4 ppm for the proton at the 2-position of the resorcinoi ring. Moreover, in each case
a broad signal characteristic for hydrogen bonding appears. Its position depends on the amine
used, and it can be found in the range of about 5.3 to 7.1 ppm (Table 1). The other signals, both
of 1 and of the amines practically do not change compared to the 'H NMR spectra of the single
starting molecules.

For the resorc[4]arene-diisopropylamine complex, the mass spectrum obtained by the DCI
(NH;) technique indicates formation of several types of complexes: with one NH; molecule
(M" + 1 = 562), with one diisopropylamine molecule (M" + 1 = 646), with two
diisopropylamine and two NH; molecules (M™ + 2 = 782). Moreover, a complex consisting of
two reorc[4]arene molecules and one NH; molecule (M’ + 3 = 1108) can be observed. We

assume a capsule structure of the complex with one molecule of NH; or the amine inside.
Besides, znnlmatmn of the LSIMS teohmmm for the ret:m‘rf4'|nrpne-mnondmp (‘nmnIPY

allowed observatlon of several types of complexes with one piperidine molecule M+ 2

A21) with twn ninar
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Table 1:  'H NMR shifts corresponding to the hydrogen bonding in the tetramethylresorc[4]-
arene (1)-secondary amine complexes.

oL vvninual aupuau\. SIIRIRIN ll] uil Us@l.l uuuulug Blsual
'H NMR, & (ppm)
Dimethylamine (2) 7.1
Diethylamine (3) 6.1
o \*/
Diisopropylamine (4) 5.3
Morpholine (5) 5.6
Piperidine (6) 6.8

The 1:2 stoichiometry of the resorc[4]arene-amine complexes was confirmed by the UV/VIS
spectrophotometry, too. Fig. 1 shows the typical changes of the absorption spectrum of 1 in
acetonitrile occurring after addition of piperidine. A significant shift of the absorption band of
1 caused by piperidine should be noted. The absorption band of the resulting complex is shown
in the differential spectrum in the inset of Fig. 1.
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Fig. 1: Changes of the absorption sp rc[4] in acetoni_rile
resulting from addmon of p1per1d1ne (6) Concentratlon of 1 ie 1.8:10° M;
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concentration of 6 ranges from 1-10” to 1-10™* M. The inset at the right upper corner
chnwe tho diffarantial ecnactrim af the recnilting camnlay
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Table 2: The equilibrium constants (K) for complexation of tetramethylresorc[4]arene (1)
with the selected aliphatic amines®.

Amine K [M7]
Diethylamine (3) 439107
Piperidine (6) 1.67 - 10*
Cyclohexylamine (7) 2.20 -10°
¥ The results of calculation for the assumed 1:1 composition depart completely from linearity.
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able 3: Complexes of tetramethyiresorc{4]Jarene (1) with amines or amino alcohols.
~ 0. e 1 ; Ry . 1 o e w72 e
Composition and proton shifts in the "H NMR spectra.

Amine Amino alcohol Composition” Hydrogen bonding signal
'H NMR, & (ppm)
S(-)-and R(+)-1-Phenylethylamine (8) 1:2.5 5.76
R(-)-1-Cyclohexylethylamine (9) 1:2.0 6.05
R(-)-2-Amino-1-butanol (10) 1:25 5.07
L(-)-Phenylalaninol (11) 1:2.6 5.12
L(-)-Norephedrine (12) 1:2.2 5.32
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aliphatic amines, the complexes of 1 with chiral

41

for the proton at the 2-position in the
heir 'H NMR spectra, when compared with the spectrum of
SO. A broad signal of hydrogen bond forming groups can also be observed, with
the maximum in the range of 5 to 6.8 ppm, depending on the component (Table 3). Except for
the NH, group, which participates in the hydrogen bonding, no other proton shifts
corresponding to the investigated chiral amines and amino alcohols are observed. Satisfactory
elemental analyses were obtained for the selected complexes. In order to confirm the
composition of complex by an independent method, the mass spectra were measured for the
1/5(-)-8 complex using the DCI (NHj;) technique. In the mass spectrum, there are the molecular
peaks corresponding to the calixresorcarene complexes with one NH; molecule M" + | =
562), with one S(-)-1-phenylethylamine molecule (M" + 1 = 666), with two S(-)-1-
phenylethylamine and two NH; molecules (M" + 1 = 821). As in to the case of 1/3 complex,
here a molecular peak corresponding to the complex of two resorc[4]arrene molecules and one

NH; molecule (M = 1108) can be observed.

The resorc[4]arene (1)-pyridine (13) complex can be obtained as a solid by recrystallization
of 1 from pyridine (molecular composition 1:6). Moreover, a precipitate appears when pyridine
is added to the solution of 1 in acetone, to give a complex of molecular composition 1:2 (1

appearance of two broad signals at 5 = 8.8 and & = 3.45 in the 'H NMR spectrum. The first one
PN oy P - o mracomrs o Lorde g Lo 1L o MTY - PR S S,
reflects the presence of a hydrogen bond between OH groups in 1, the other one is a symptom
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ur OH groups of two resorcine rings and four
moiecunes of pyri line. When decreasing the temperature up to "23 K both groups of signais
become distinctly snarper and shift to the lower magnetic field. These shifts are remarkably
large, i. e. they reach & = 9.35 in the first case and 6 = 4.35 in the second one.

The title compound 1 crystallizes in the orthorhombic space group Pnma with four
molecules in the unit cell. The resorc[4]arene molecule is located around a crystallographic
mirror plane, which passes through two opposite benzene rings. Altogether there are four
crystallographically independent pyridine molecules in the asymmetric unit, of which two are
located around a crystallographic mirror plane. Altogether a 1 : 6 complex is formed. Four of
them are involved in intermolecular O-H--N hydrogen bonding between the nitrogen atoms of
the pyridine molecule and the hydrogen atoms of the hydroxyl groups. One pyridine molecule
is pointed into the resorc[4]arene molecule and one is located between the molecular
complexes in holes of the crystal structure.

All four hydroxyl groups bound to the two opposite symmetry equivalent benzene rings
which are located around the mirror plane form intramolecular O-H:+-O hydrogen bonds to the
hydroxy! group of the neighboured benzene rings. The O--H bond lengths amount to 1.83 and
1.93 A and the O-H--O angles to 169.6 and 171.0°. The four remaining hydroxyl groups form
intermolecular O-H'~'N hydrogen bonds to the pyridine molecules. The N---H bond lengths
(H8-N21: 1.84 A and H10-+N31: 1.85 A) as well as the O-H-N angles (O8-H8--N21: 172.7°
and O10-H10--N31: 172.3°) indicate strong hydrogen bonding. In the crystal structure the

molecular complexes are well separated. Due to the hydrogen bonding to the solvent molecules
there are no short contacts between the calixarene molecules.
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ig.2: Crystallographic structure of complex of the resorc{4jarene-pyridine complex

(recrystallized from pyridine):

(A) View from hydrogen bonding between the resorc[4]arene hydroxyl groups and the
pyridine nitrogens with labelling

(B) Viewon (101)

Hydrogen bondings is shown as dotted lines; <5: O, ¢ : C, <2: N.

=

Experimental Part

'H NMR (300 MHz) and C NMR (75 MHz) spectra were recorded on a Bruker AM 300
spectrometer at room temperaure. Coupling constants (J) are given in Hz. Mass spectra were
recorded with a LAZARUS II (performed by H. Luftmann, Organisch Chemisches Institut,

University of Miinster, Germany) and a AMD 604 spectrometer. Only selected exam

<
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'>C NMR and MS spectra are given in the following. The elemental analysis were determined
for the selected complexes using Foss Heraeus CHNO-Rapid Elemental Analyser. The melting

o]
points are generally > 300 °C
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General procedure for the preparation of complexes of tetramethylr Sorcj4jarene (1) witn
nzantin e rxsmd zaniines slenlaale
UITEEFIEY UNIU Arnirio dLcortow

) was dissolved in ethanol (10 ml), then the amine or amino
er some seconds, a precipitate fell out; its color depended on

in a typical experiment, 1 (1

g
alcohol (4 equiv.) was added. Aft
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the amine or amino alcohol used: In general, t of the wmpxcxes ppears cr or pale

pink directly after precipitation. After exposing to air it turns deeper. The IR spectra show the
-1

typical broad signals between ca. 2000 and 3600 cm™ indicating H bonding and protonated

amino groups. In case of the optically active amines and amino alcohols, the complexes were
crystallized from ethanol. In general, the yields were 60-80%.

Complex of 1 and dimethylamine (2): '"H NMR (DMSO): & 1.73 (d, J=7.15Hz, 12H, CH3), 2.55
(s, 12H, CH3), 4.68 (q, J=7.15Hz, 4H, CH), 6.34 (s, 4H, ArH), 7.13 (s, 10H, ArOH--NH), 7.29
(s, 4H, ArH). "C NMR (DMSO): & 21.05, 28.53, 37.59, 102.97, 124.19, 124.62, 152.60.

Complex of 1 and diethylamine(3): 'H NMR (DMSO0): 6 1.01 (t, J=7.15Hz, 12H, CH,), 1.43 (d,
J=7.4Hz, 12H, CH,), 2.57 (q, J=7.15Hz, 8H, CH,), 4.41 (q, J=7.4Hz, 4H, CH), 6.07 (s, 14H,
ArH, ArOH--NH), 6.99 (s, 4H, ArH). "C NMR (DMSO): & = 14.68, 21.35, 28.66, 43.24,
102.80, 123.93, 124.99, 152.43.

Complex of 1 and diisopropylamine (4): '"H NMR (DMSO): & = 1.12 (d, J=6.2Hz, 24H, CH;),
1.56 (d, J=7.15Hz, 12H, CH,), 3.02 (m, J=6.2Hz, 4H, CH), 457( J=7.15Hz, 4H, CH) .29

(s, 10H, ArOH--NH), 6.25 (s, 4H, ArH), 7.10 (s, 4H, ArH) 3C NMR (DMSO): § =
22.86, 28.65, 45.10, 102.82, 123.96, 124.97, 152.42. MS (DCD) m/z = 782 [M" + 2 of 1
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Complex of 1 and morpholine (5): 'H NMR (DMSO): 6 = 1.32 (d, J=7.15Hz, 12H, CH;), 2.67
(d, J=4.53Hz, 8H, CH,), 3.49 (1, J=4.53Hz, 8H, CH,), 4.44 (q, J=7.15Hz, 4H, CH), 5.60 (br s,
10H, ArOH--NH), 6.13 (s, 4H, ArH), 6.82 (s, 4H, ArH). °C NMR (DMSO): & = 21.79, 28.86,
30.99, 46.16, 58.99, 67.44, 102.59, 132.65, 125.54, 152.24.

Complex of 1 and piperidine (6): '"H NMR (DMSO): § = 1.47 (m, 24H, CHj, CH,), 2.70 (s, 8H,
CH,), 4.41 (q, J=7.15Hz, 4H, CH), 6.04 (s, 4H, ArH), 6.81 (s, 10H, ArOH--NH), 7.05 (s, 4H,
ArH). C NMR (DMSO): & = 18.90, 20.88, 22.76, 24.31, 25.65, 28.49, 46.08, 56.40, 103.07,
124.29, 124.41, 152.68. MS (LSIMS(+)) m/z 763 [M" + 3 of 1, 2 x 6, EtOH].

Complex of 1 and S(-)-and R(+)-phenylethylamine (8): 'H NMR (DMSO): & = 1.24 (d,
J=6.44Hz, 7.5H, CH;), 1.39 (d, J=7.40Hz, 12H, CHj;), 3.98(q, J=6.44Hz, 2.5H, CH), 4.44 (q,
J=7.40Hz, 4H, CH), 5.76 (s, 13H, ArOH-‘NH,), 6.12 (s, 4H, ArH), 6.91 (m, 4H, ArH), 7.14-
7.36 (m, 12.5H, ArH). MS (DCI) m/z 821 [M"+10of1, 2x 8, 2 x NH;]. Anal. Calcd. for
Cs4Hgs sN2 5O (M.W.= 893.0) : C, 72.58; H, 7.39; N, 3.92; found: C, 72.29; H, 7.40; N, 4.57.

5

Complex of 1 and R(-)-1-cyclohexylethylamine (9): 'H NMR (DMSO): § = 0.85-1.71 (m, 40H,
CH.:. Cvclohexv). 3.43 (qg. J=6.9Hz. 2H. CH). 4.41 (q. J=7.15H7. 4H. CH). 6.05 (s. 16H. ArH
CH;, Cyclohexyl), 3.43 (q, J=6.9Hz, 2H, CH), 4.41 (q, J=7.15Hz, 4H, CH), 6.05 (s, 16H, ArH,
A JH.Y 704 (¢ 4 AN B N (DMSO): 8§ = 18090 1958 2008 2625 26 50
LA\ /11 L‘l.llzj, I «VUTT \0, _I'J.L’ lul..l.]. N A NAYAAN \UIVAUU}- v 1U-JU’ 4 7 JU’ Lt NI IU, aw \J o bt S s \T J\I,
28.46, 28.91, 44.20, 51.31, 56.39, 103.03, 124.20, 124.80, 152.63. Anal. Calcd. for CygHgsN;Os
MAXT —_T0Q &Y . ™ 7D 1&. 1T Q22. N 2 &1 Frzvende 0 LQ £L2. 1T Q LL. N 2 £

(IVL.W.—/70.0) ., /4.10, 11, 0.53, IN, 3.01, IOufd. L, U7.03, 11, 06.09, IN, 5.02
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Complex of 1 and R(-)-2-amino-1-butanol (18): 'H NMR (DMSO): 6 = 0.85 (1, 3S%Hz,
7.5H, CHs), 1.06-1.46 (m, 17H, CH; CH), 2.57 (m, 2.5H, CH), 3.16 (dd, 2.5H, CHy), 3.32 (dd,
2.5H, CHy), 4.41 (q, J=7.15Hz, 4H, CH), 5.07 (s, 15.5H, ArOH--NH,, ArOH--OH), 6.07 (s, 4H,
ArH), - iH, ArH). “C NMR (DMSO): & = 10.70, 21.14, 26.05, 28.56, 54.51, 65.59,

Complex of 1 and L(-)-phenylalanine (11): 'H NMR (DMSO): & = 1.32 (d, J=7.15Hz, 12H,
CH,), 2.36 (dd, 2.6H, CH), 2.62 (dd, 2.6H CH), 2.82 (m, 2.6H, CH), 3.13 (dd, 2.6H, CH), 3.23
(dd, 2.6H, CH), 4.39 (q, J=7.15Hz, 4H, CH), 5.12 (s, 15.8H, ArOH--NH,, ArOH--OH), 6.07 (s,
4H, ArH), 6.84 (s, 4H, ArH), 7.08-7.24 (m, 13H, ArH). *C NMR (DMSO): & = 18.90, 21.58,
28.76, 54.78, 56.40, 65.93, 102.70, 123.82, 125.27, 126.15, 128.47, 129.55, 140.07, 152.33.

Complex of 1 and L(-)-norephedrine (12): 'H NMR (DMSO, RT): 6 = 0.78 (d, J=6.4Hz, 6.6H,
CHj), 1.39 (d, 7.15, 12H, CH;), 2.91 (m, 2.2H, CH), 4.35 (d, J=4.77Hz, 2.2H, CH), 4.41 (q,
J=7.15Hz, 4H, CH), 5.31 (s, 14.6H, ArOH--NH,, ArOH--OH), 6.11 (s, 4H, ArH), 6.92 (s, 4H,
ArH), 7.19 (m, 2.2H, CH), 7.30 (m, 11H, ArH). "C NMR (DMSO): & = 17.91, 18.90, 21.49,
28.72, 52.62, 56.40, 77.35, 102.75, 123.89, 125.16, 126.91, 127.03, 128.07, 143.71, 152.37.
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equiv.) was added. After some minutes a precipitate fell out. Stirring was continued for 3
Limiiee Tl s nlanldnta o cnmawndtad e, ltmadl nn mend s e ra e 11 O o I 11 O
nours. 1o procipliidalc was scpdidailcud DY l1iiuation A TCLIYSWIZCU 1101 aCCloIIC. 1iICid Ol
£ N0/ ]rr\nm STYAMACMN, © 1 M 71 T_—_"™ DYT_ 1AYTY MIT N\ D NO 1 R | ATT N\YT A U AY A N 7
OU7o0. I't NIV (IVIDW)L 0 — 1./0 (4, J=/7.01n2, 1411, Lily), 3.U6 (5,01044, 41, Uri -IN), 4.03 \q,
J=7.2Hz, 4H), 6.22 (s, 4H, ArH), 7.35 (m, 4H, CH), 7.65 (s, 4H, ArH), 7.75 (m, 2H, CH), 8.57
(m, 4H, CH), 8.68 (s, broad, 4H, OH--OH)

X-ray crystal structure analysis

Formula C39H320g8 * 4CsHsN * 4/2 CsHsN, M = 1019.18, 0.5 x 0.4 x 0.2 mm, g =
14.440(2), b=25.346(2), c = 14.836(2) A, VV'=5429.9(11) A3, pcalc = 1.247 g cm3, 1 = 6.69
em-1, Z = 4, orthorhombic, space group Pnma (No. 62), A = 1.54178 A, T =223 K, /20 scans,
8691 reflections collected (-h, +k, +I), [(sin®)/A] = 0.54 A-1, 4443 independent and 2964
observed reflections [/ = 2 o(J)], 368 refined parameters, R = 0.075, wR2 = 0.193, max.
residual electron density 0.32 (-0.44) e A-3, hydrogens calculated and riding. Further details of
the structural investigations have been deposited [6].

Data sets was collected with an Enraf Nonius CAD4 diffractometer. Programs used: data
reductio IEN. structure solution SHEI X S-R6. structure refinement SHELXT -03 granhics
n MolEN, structure solution SHELXS-86, structure refinement SHELXI.-93, graphics
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