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Lewis acids catalyse the condensation of isovaleraldehyde with 1,3-dimethoxybenzene. All conformers formed
in this reaction were isolated and analysed spectroscopically. SnCly, when used in this reaction, catalysed
selective formation of the rccc conformer in high yield. Its selectivity was compared to other aliphatic
aldehydes. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Among macrocyclic compounds, calixarenes take a particular place. The most frequently
studied compounds of this type are calixresorc[4]arenes [1]. These compounds can be modified
in various ways at the phenol hydroxy groups as well as by electrophilic substitution in the
phenol ring [2]. Because of that, they are useful platforms for construction of novel molecular
receptors for ions and neutral compounds [3]. Their synthesis from aldehydes and resorcinol is
catalysed by mineral acids as well as Lewis acids [4]. The presence of an alkyl or aryl
substituent coming from the aldehyde results in formation of four conformers labeled rece (all-
cis, the crown conformer), rcct (the diamond conformer), rctt, and rect [S].

Extensive studies on the application of Lewis acids in organic synthesis have been
conducted for many years. They have found application in the synthesis of calixarenes as well
[6]. This paper concerns the Lewis acid-catalysed synthesis of the octamethoxyresorcarenes 1
from aliphatic aldehydes and 1,3-dimethoxybenzene. The crown conformers of
calixresorc[4]arenes are particularly often used as receptors in complexation studies [7].
Therefore, special attention was paid to the selective synthesis of the crown conformer of
octamethoxyresorcarene.
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RESULTS AND DISCUSSION

The preparation of octametoxyresorc[4]arenes was based on a one-step cyclisation
reaction according to Scheme 1. The catalytic properties of typical Lewis acids were checked
using isovaleraldehyde and 1,3-dimethoxybenzene as an example (Table 1). Among them, only
SnCly catalyses this reaction selectively and promotes formation of the rcce conformer in high
yield. This finding is very important from the synthetic viewpoint, because it greatly simplifies
the preparative procedure [8] of compound 1. The crown conformer (rccc) of the
octamethoxyresorc[4]arene can be the starting compound for subsequent functionalisation.
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Scheme 1

Table 1. Type of Lewis acid used, resulting conformers, and total yield of the reaction between
isovaleraldehyde and 1,3-dimethoxybenzene.

Lewis acid rcce rett rect Total yield [%]
SOCl, + + + 80
POCls + + + 76
AlCl3 S + + 20

SiClLhMe, + + + 75
SiClMe; + + + 77
SnCly + - - 85

* notation according to Table 2.

Except for the SnCly-catalysed reaction, three conformers were obtained. However, the
formation of crown (rccc) and diamond (rcct) conformers predominates in all cases. Because
of different solubilities in a mixture of chloroform and methanol, these two conformers can be
readily separated. Only the diamond conformer has been obtained in a crystalline form useful
for crystallographic investigation (Figure 1). The diamond conformer (rcct) of 1d crystallises
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from the mixture of chioroform and methanol along with one chloroform molecule within its
structure.
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Fig. 1. X-ray structure of the diamond conformer of 1d [9] (the molecule of chloroform is omitted for clarity).
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Because of the high selectivity of SnCly in the reaction of isovaleraldehyde, subsequent
studies addressed whether if this Lewis acid is a selective catalyst for the reactions of other
aliphatic aldehydes with 1,3-dimethoxybenzene. Only the branched-chain alkyl aldehydes
undergo the reaction with chloroform as solvent according to Scheme 1. The reaction yield is
the highest for isovaleraidehyde (85%, Table 2). In the case of isobutyraidehyde, the yield is
only up to 40%. The other aldehydes tested afford a number of unidentified products.
Replacement of the solvent by diethyl ether results in reaction of straight-chain aldehydes with
1,3-dimethoxybenzene leading to formation of the crown conformer of
octamethoxyresorc[4]arene. In this case, minute amounts of other conformers of octamethoxy-
resorc[4]arene are also formed. The crown conformers of 1 were obtained in pure form after
column chromatography on silica gel using chloroform or dichloromethane as eluents.

Table 2. Yields of formation of the crown conformers 1 in chloroform and diethyl ether.

Alkyl moiety R of the Yield of 1, in CHCl; Yield of 1, in Et,O
aldehyde substrate 1 (%] (%]
CHQCH2CH3 1a - 30
CH(CHs), 1b 40
CHzCH2CH2CH3 1c - 45
CH,CH(CH;), 1d 85

CHzCHzCHQCHZCHB le - 55
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The individual conformers of 1d can easily be identified by analysis of '"H NMR and "*C
NMR spectra. The analysis of '"H NMR spectra shows that the rcce conformer is characterised
by one triplet for the -CH- group. For the rctt conformer, the signal of the -CH- group appears
as a multiplet. In turn, the rcct conformer has two characteristic signals (triplet and multiplet)
for the -CH- group. The rcct conformer can be identified especially easily on the basis of *C
NMR DEPT spectrum, which shows 3 negative signals for the -CH,- group of the aldehyde
alkyl moiety.

High symmetry of all crown conformers of octamethoxyresorc[4]arene 1 was observed
in the NMR spectra. 'H NMR spectra show characteristic signals for -OMe and -CH- groups
attached to the aromatic rings, as well as for aromatic protons ArH. The single signals for -
OMe and -CH- groups and two signals of ArH protons are typical for the crown conformers of
octamethoxyresorc[4]arene.

In summary, Lewis acids catalyse the condensation of aldehydes with 1,3-dimethoxy-
benzene. In this reaction, SnCl, is a selective catalyst which, in the case of isovaleraldehyde,
results in formation of the crown conformer in high yield.

EXPERIMENTAL

General:

Melting points were measured on a Boetius apparatus and are not corrected. 'H NMR (300
MHz) and *C NMR (75 MHz) spectra were recorded with a Bruker AM-300 spectrometer for
solution in CDCl; (internal standard: Me,Si). EI-and LSI-mass spectra were taken on an AMD-
604 mass spectrometer.

Typical Experimental Procedure:

Preparation of octamethoxyresorc[4]arenes (1d): 1,3-Dimethoxybenzene (1 ml) and
isovaleraldehyde (7.63 mmol) were added to the Lewis acid (7.63 mmoi) in chioroform (10
ml). The solution was stirred at room temperature for 24 h. Subsequently, methanol (20 ml)
was added, and the mixture was stirred for 1 h. The resulting precipitate was collected by
filtration and crystallised from a mixture of chloroform and methanol to give the crown
conformer (rcec). During slow evaporation of the mother liquor, the diamond conformer (rcct)
crystallised out. The resulting crystalline precipitate was recrystallised from a mixture of
chloroform and methanol. The rctt conformer was obtained after chromatography on silica gel
using dichloromethane as eluent.

1d (rece): mp 288-289°C; 'H NMR §: 0.91 (d, J = 6.3 Hz, 24H, Me), 1.55 (m, 4H, CH), 1.69
(dd, J =7.2 Hz, 8H, CHy,), 3.60 (s, 12H, OMe), 4.60 (t, ] = 7.4 Hz, 4H, CH), 6.32 (s, 4H, H-Ar),
6.60 (s, 4H, H-Ar); BC NMR §: 22.89, 25.90, 33.17, 44.11, 56.21, 97.27, 126.22, 126.27,

155.85; MS (EL, 70 eV) m/z: 824 (M*-H).

1d (reef): mp 162-163°C; 'HNMR 8: 0.55 (d, J = 6.3 Hz, 6H, Me), 0.79 (m, 2H, CH), 0.89 (m,
18H, Me), 1.33 (m, 2H, CH), 1.55 (m, 4H, CH,), 1.82 (m, 4H, CH,), 3.58 (s, 6H, OMe), 3.76
(s, 6H, OMe), 3.83 (s, 6H, OMe), 3.86 (s, 61, OMe), 4.76 (m, 3H, CH), 5.23 (t,J = 8.2 Hz, 1H,
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CH), 6.36 (s, H-Ar), 6.43 (s, H-Ar), 6.52 (s, H-Ar), 7.66 (s, H-Ar); °C NMR &: 21.78, 22.57,
22.71, 23.90, 25.60, 26.13, 26.15, 28.68, 29.21, 32.90, 44.325, 46.01, 47.63, 55.87, 56.07,
56.59, 56.97, 96.50, 97.49, 124.52, 126.00, 126.26, 127.41, 127.47, 155.08, 155.22, 155.97,

156.38; MS (EL, 70 eV) m/z: 824 (MT-H).

1d (rctf): mp 60-160°C (conformational transition); 'H NMR &: 0.82 (d, ] = 5.8 Hz, 24H, Me),
1.42 (m, 4H, CH), 1.60 (m, 8H, CH,), 3.62 (s, 12H, OMe), 3.88 (s, 12H, OMe), 4.66 (m, 4H,
CH), 6.25 (s, H-Ar), 6.40 (s, H-Ar), 6.59 (s, H-Ar) 6.93 (s, H-Ar); BC NMR 8: 22.04, 23.54,
25.84, 33.36, 44.21, 56.13, 56.29, 96.34, 97.49, 125.91, 126.83, 127.52; MS (El, 70 eV) m/z:
824 (M*-H).

Preparation of crown conformers of octamethoxyresorc{4]arenes (1): 1,3-Dimethoxybenzene
(1 ml) and aliphatic aldehyde (7.63 mmol) were added to SnCl, (7.63 mmol) in either
chloroform (10 ml) or diethyl ether (20 ml). The solution was stirred at room temperature for
24 h. Subsequently, methanol (20 ml) was added and the mixture was stirred fgr 1 h. The
precipitate was collected by filtration. The solvent was evaporated and the crown conformer
was obtained after chromatography on silica gel using chloroform or dichloromethane as

eluent.
la: mp 283-284°C; "H NMR &: 0.92 (t,J=7.2 Hz, 12H, Me), 1.37 (m, 8H, CH,), 1.82 (m, 12H,
CH,;), 3.60 (s, 24H, OMe), 4.48 (t, ] = 7.4 Hz, 4H, CH), 6.32 (s, 4H, ArH), 6.64 (s, 4H, ArH);
l3CT\T1\/ﬂ) 6 14221 271722 24 NR T 185 S§A 21T Q7 1A 178 Q8 1794 NV 1 6 3 155 83 \/IS M3Y
INIVLILIN 1'!'-.)1, .Lzl..LzJ, JJ.UU, JI.LJ, JU.LL, P LU, 1‘4J'UJ, 1L9U UU, 1 P 1 ) iV \1_41’
70 eV) m/z: 768.8 (I VT -H); HR-MS: found 768.4601, calcd. 768.46012.
1b: mp 277-278°C; "H NMR §: 0.83 (d, J = 6.3 Hz, 24H, Me), 2.33 (m, 4H, CH), 3.68 (s, 24H,
OMe), 439 (d, J = 11.4 Hz, 4H, CH), 6.33 (s, 4H, ArH), 7.08 (s, 4H, ArH); MS (EI, 70 eV)

m/z: 769 (MT-H)

Ic: mp 306-307°C; '"H NMR 8: 0.80 (t, ] = 7.4, 12H, Me), 1.25 (m, 8H, CH,), 1,32 (m., 8H,
CH,), 1.65 (m., 8H, CH,), 3.60 (s, 24H, OMe), 4.47 (t, ] = 7.2, 4H, CH), 6.32 (s, 4H, ArH),
6.61 (s, 4H, ArH); MS (LSIMS (+), NBA, 70 eV) m/z: 825 (M+-H); HR-MS: found 824.5305,
calcd. 824.52272.

1d = 1d (rccc)

Te:mp 211-212°C; 'H NMR §: 0.84 (t, J = 6.3 Hz, 12H, Me), 1.29 (m, 24H, CH,), 1.81 (m, 8H,
CH,), 3.60 (s, 24H, OMe), 4.45 (t, ] = 7.5 Hz, 4H, CH), 6.31 (s, 4H, ArH), 6.62 (s, 4H, ArH);
BC NMR 8: 14.15, 22.64, 27.85, 32.15, 34.68, 35.34, 56.15, 97.11, 126.07, 126.30, 155.80;
MS (EL, 70 eV) m/z: 880 (M1-H)

X-ray crystaliographic data: Singie crystals of id (rect) were obtained from chioroform/
methanol, C5;H,Og'CHCl;, M, = 944.46, triclinic, space group P.-1 No. 2, a = 12.322(1), b =
12. 742(1), and ¢ =20.633(2) A, V=2709.8(4) A’, Z=2, D,=1.157, A (CuKoa) = 1.54178 A,

F(000) = 1012 e, T = 223 K. Data collection with bnrat Nonius CAD4 diffractometer. The

structure was solved by direct methods and refined on P’ using SHELXL-93 [10]. Refinement
ledto R=0.062, wR =0.176 and S = 1.028.
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