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Studies on Calix(aza)crowns, I1.! Synthesis of Novel Proximal Doubly Bridged

Calix|4]arenes by Intramolecular F ding Closure of syn 1,3-and 1,2- ®- Chloroalkylamides
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positions on the lower rim and 18 achiral counterparts have been synthesized by double intramolecular
cyclization of 7b,8b 1,3-and 17 1,2-bis-chloroalkylamides. The conformational analysis of the 1,3- and
1,2-disubstituted calixarene intermediates 5-8 and 15-17 proved an equilibrium of two distorted cone
conformations. The success of ring ciosure was siricily dependenti on ihe chain length of ihe open chain
precursors. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Recently efforts have been made to include crown rings on the calixarene skeleton in order to combine the

unique properiies o

,10,11,12

cahxspherands double or triple calixarenes with various connecting chains” have been reported. Some

13,1415 ...
of them were tested as metal ion extractants ancl apphed as selective ligands in ion selective electrodes. ™ "~ All

of these macrocycles were obtained by the ring closure of calix[4]arene tetrols with activated bifunctional

2,3,6,15

reagents. In this approach mostly the distal(1,3) phenolic OH groups were linked affording mono -and 1,3-

alternate bis-calixcrowns.® There are examples, however, for the cyclization of the proximal (1,2) OH groups

2,5,16,17
glvmg rise to the formation of calixbiscrowns of cone conformation.

An alternative strategy has been developed for the synthesis of calix(aza)crowns in which the distal positions on
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respective acid chloride were condensed with di- and polyamines to obtain 2 singly capped calix[4]arenes."***
In our previous paper some regio-and conformation selective alkylations of 2 leading to 3 macrocycles were
iv.
however, calixcrowns or calix(aza)crowns (capped calixarenes) have been synthesized only by intermolecular

ring closure. To our knowledge direct intramolecular approaches to obtain bridged calixarenes have not yet
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been described. Now we wish to report the utilization of chl lkylamide precursors preformed prior to
cyclization in the preparation of novei 9,i9,i8 caiix{4jarenes with doubie proximai-carboxamide bridges
/Z\\/
o &ux NH
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RESULTS AND DISCUSSION

Synthesis of 9 and 10 proximal doubly bridged calix[4]arenes. Regioisomer A

The synthetic approach was based on a multi-step reaction depicted in Scheme 1. The clean amidation of
h

OH groups in Sa,b,c,d and 6b with SOCl, afforded 7a,b,c,d and 8b in good yields. These chloroalkylamides
were used to alkylate the neighbouring free OH groups by applying the cone selective PTC alkylation method

JE R, PGS I P R A enngetmint txon Aanchavamida o

developed in our 1avoratory” {0 construct iwo carboxamide bridges
Cl Cil
(CHa)y (GHy)n

Scheme 1. Reagents i: HyN(CH,),OH/toluene-methanol, A, n=23.4,5; Sa,b .c.d(R Bu) 6b(R =H); ii:

WAl 13 Ly 12/n

SOCl2/CHCl3, A iv: aq.NaOH/toluene,PTC,A (9a,10a, X=0), v: Lawesson reagent/toluene,A(9b,10b, X=5)



As was previously reported in the case of 1,2-calix(bis)<:rowns17 the intramolecular contact between the

proximal OH groups could succesfully be accomplished

Although the chain lengths in the precursors 7a,b,¢,d and 8b were varied in a similar range (5-8), only 7b and 8b
(n=3) gave the desired 9a, 10a cyclized compounds, in the other cases hydrolysis products (Sa,c,d and

LAY U DU, W, Y wa IS R,
I Compounas ra, iva

Ji D NUN IR |, | W, | el L Z . -
U1Carooxyunc L a) Couag Ol uy 0€ 1aentinea.
proved by characteristic/H NMR data.

The partial failure of cyclization can be due to the weak (if any) metal ion template (NaOH base gave the
| . hY P S, -~
DCSU TOSULL) 1d 10 >V
account the high yield of 9a, 10a and the former considerations, the optimal intramolecular distance of the
electrophilic terminus seems to be an important governing factor in the success of this reaction.

We were interesied io furiher investigaie the scope and limit of the cyclization, therefore keeping ihe chain

length in the range of 6-8, the position of the carboxamide group was displaced as outlined in Scheme 2.

¢ i
((' Hy), (CHy),
OFt NH \ NH NH
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& OH O . oH L O o

But Bot
11k o } B 1 Y 1 40
iU, 120,C i4p,¢
Calneenn ™ Deanmmandes 20 RN IMTT.MNIY Ot ..;L.._.-I__:_._{I s 7 S G [JaYa ) P a6 fall = PR WPV aY & §7PN Iy nTrmN
Scneme 2. Reagents it NaUnvELOn, SO, etnanolamine( 12o,¢), 1. SOC1y/CHCl3; v: ag. NaOH/toluene, PTC

11b (n=3),c (n=4) in fair yields. Diester 11a (n=2) could not be prepared, instead HBr elimination took place to
give ethylacrylate. To our surprise 11b,c failed to react with ethanolamine even upon prolonged heating, the
required 12b,c were obtained via the acid chioride route. When 13b,c intermediates were subjected to
cyclization an unseparable mixture of compounds was formed which might have contained 14 bicyclic molecules
but we failed to isolate them. This negative result supported again our earlier speculation: the success of this
kind of ning closure is strictly dependent on the chain iength that shouid be 76 bonds, not more or less,

The proximal doubly bridged calixarenes 9a, 10a represent unique macrocycles of characteristic rigid

structure possessing inherent chirality. In order to get more information on the structural features, 9b, 10b thio
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analogues were also prepared. Moreover, it seemed to be desirable to synthesize also the other regioisomers 18
also which have a plane of symmetry and are, therefore, achiral.

Synthesis of 18 proximal doubly bridged calix[4]arenes. Regioisomer B

The same series of reactions were planned as previously shown but starting from the syn 1,2- diester 15.

Thic anmnannd has aleandsy haae Annnnl\n;lzz ne a gida neadust Alininad n vamy laur wiald diieins tha NaLT
111> LU llwu U 11ay aiicau VUTLT ULuil Al ad a JiIuv PIUUU\/t vuLainicy i vmy 1w ICIU yull 15 i ixarlt
mediated alkylation of p-tert-butylcalix[4]arene with BrCH,COOE?t. Therefore we developed a new approach
annlinnn mrntantinm_damentantinan mathad Thiie 18 wae nranarad fram 11 17 7Y _¢aten_tart_hatul V8 _haon=olaes

ﬂp lyllls plUlv\;tlull-ucplulc\lllull miuLnvg 1I1IUD 17 YYVQAO lJlUlJalCU nouin J,1 l.’l FyaJTivUtIaTivit Uulyl'bJ'UUllLle}\y-
26,27,28-trihydroxycalix[4]arene”™ via cone selective dialkylation with BrCH2COOEt (BaO, DMF, rt) followed
by devenzy.a‘io.. (Me3SL,r, CHCI3, rfl). Subsequently the same protocol was followed as described for
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distal (1,3) dialkylated calix[4]arenes are generally agreed and well documented to possess cone conformation

based on the AB splitting pattern of the bndgmg methylene protons in 'HNMR. Larger substituents, however,

observation can also be applied to the investigation of 1,3- and 1,2-disubstituted calix{4]arenes as well. In the

case of an almost symmetrical cone conformation the 'H chemical shifts of the neighbouring aromatic rings and

the attached CMe; groups, respectively, are expected to be similar pairwise. With a distorted cone conform-
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ation the planes of two oppositely arranged aryl groups are becoming flattened and at the same time the other

with a characteristic shielding of protons of these moieties caused by the well known diamagnetic anisotropy of

aryl rings. It is the reason for the appearance of characteristic A8 chemical shift differences observed for

chemical shifts observed for the neighbouring aromatic groups we can

cone conformations (A/C)in,(B/D)out == (A/C)out,(B/D)in as depicted in Fig. 1a. Due to the different steric
requirements of OH and OR groups this equilibrium should be shifted. To establish the preferred conformation
we shouid differentiate the Ar-H and CMe; signais of A/C and B/D rings, respectively. To achieve this the Be
spectrum of compound Sd was taken in addition to gs—HMQC,25 gs-HMBC26 and semiselective INEPT
expex-iments.27 A clear entry to the sequential signal assignment is provided by the INEPT experiment (optimized

O
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JIC.HY=7 Hz lon ere the QCH,CON proton signal a
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correlates with the carbonyl at 1 marks out over three bonds the quaternary carbon atom at 148.8 ppm.

69.
The same signal was also achieved by irradiating at 6.97, so this proton is located on the same aromatic ring.

Otherwise, polarization transfer was observed from this proton to the quaternary signal of the CMes group
(34.1), which correlates with the proton signal at 1.07. Comparing the chemical shifts 6.97 and 1.07 with the
corresponding values of the neighbouring aromatic ring (7.10 and 1.27) we can conclude that for compounds 5-8
corresponding values o gt ng aromatic ring ( ) po

the (A/C)in,(B/D)out conformation is the energetically preferred.

1,2-Disubstituted calix[4]arene imtermediate 15-17

I VPN 28 __ .

Due to their poor availability proximal calixarene derivatives are rarely found in the literature™ and
nothing has been mentioned on their conformational behaviour.

ounde 18-17 the two conformers discussed above are ene
O s 1>-17 the two conformers discussed above er

[ 2] A

population. A characteristic feature of the 'H spectra of these compounds is the diastereotopic appearance of

methylene protons in the chain. It can be observed even with the CH,OH group of 16 (see Fig 1c.), where under

decoupling at 1.88 the methyiene protons exhibit an AB doubiet pair (Jas = 11.3 Hz). This phenomenon proves

the chiral character of these compounds and rules out the possibility of a symmetrical cone conform-ation. The

]

sequential signal assignment was performed in a similar way to that discussed above, but in this case gs-HMB

== <

n s o)
i

measurement was applied for the detection of long-range ./'(C H) responses.

compound 16 depicted in Fig. 1b prove that both conformers of the 1,2-disubstituted derivatives are chiral, so
H

averaged) the diastereotopic character of methylene protons is preserved.
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1071 i.94|
1693 1703  1.88quint.
R = CH,CONHCH,CH,CH,OH R = CH,CONHCH,CH,CH,OH

486d  360q 3.80m

5d 16

Figure 1.
a. Conformational equilibrium of compounds 5-8 and 15-17.
b. Selected 'H and *C chemical shifts of compounds 5d and 16.

P ales . car
C. dections ol " spectra o1 10.
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Doubly bridged calix{4]arenes 9,10 {regioisomer A) and 18 (regioisomer B)

A complete 'H and C NMR signal assignment of compounds 9, 10 and 18 was achieved utilizing
different 2D measurements. 2’ The comprehensive NMR investigation revealed that the amide groups appear in Z
configuration and the bridging chains adopt a preferred conformation, where the N-H bonds are oriented toward

the cavity and fixed by hydrogen bonds with the etheric oxigen atoms.

interatomic proton-proton distances in the bridge could be calculated and thus a stereo model for 9b was

constructed (Scheme 4a.). The short hydrogen-oxygen distance (=1.8A) measured on the model is in accordance

ioch shamicral chift aftha NH cional (! !52)
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Scheme 4.

a. Stereo pi‘cture of 9b

. i
b. Section of H NMR spectrum of 9b
~ Coantinm nc‘u ANMAD ncvmmbocomn ~LOL
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in the presence of Pirkle's reagent

To corroborate that compounds 9,10 are enantiomeric mixtures we measured the 'H NMR spectra in the
presence of Pirkle’s reagent (R(-)-(9-anthryl)-2,2,2-trifluoroethanol) and splitting of the OCH; and ArCH,Ar

methylene protons were detected (for 9b see Scheme 4b and c). Untill now only a few successful examples have

been reported for the op

column.*® Our attempts to separate the enantiomers of 9a,b in this way failed but experiments are in progress
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EXPERIMENTAL

DRX-500 spectrometer. Chemical shifts are given on the § scale. Mass spectra were taken on a Finnigan MAT

were

8430 spectrometer (EI: electron energy: 70 eV, ion source temperature: 250°C; FAB: matrix: m-nitrobenzyl
aicohol, gas: xenon, accelerating voitage 9kV). Precoated silica gei plates (Merck 60 Fas4) were used for
analytical TLC. All chemicals were reagent grade and used without further purifications. Compounds 1a,b were
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samples were dried at 110°C in 10! Torr.

General procedure for the preparation of 5a,b,c,d and 6b hydroxyalkylamides

Diesters la,b24 (1a: 0.82g, 1b: 0.6g, Immol,) and alkanolamines (Smmol) were refluxed in 1:1 toluene-
methanol mixture (40mi) for 6h. The solvent was then removed under reduced pressure and the residue was
triturated with water or methanol (5¢) to give Sa,b,c,d and 6b as white solids.
Sa: yield: 94%, mp: 243-246°C (toluene) "H NMR &: 9.15 (t, 2H, NH), 7.63 (s, 2H, OH), 7.09 (s, 4H, ArH),
6.89 (s, 4H, ArH), 4.58 (s, 4H, OCH3), 4.18 and 3.42 (d, J=13.3, 8H, ArCH,Ar), 3.71 (t, 4H, CH,0OH), 3.57 (q,

Pt s IS «enrT

l"l) 1.28 and 1.01 (S ustieacn,bU)

2!

4H,
5b: yield: 94%, mp; 262-265°C (toluene) "H NMR 3: 9.06 (t, 2H, NH), 7.84 (s, 2H, OH), 7.09 (s, 4H, ArH),
6.95 (s, 4H, ArH), 4.60 (s, 4H, OCH,), 4.13 and 3.45 (d, J=13.3, 8H, ArCH,Ar), 3.67 (t, 4H, CH,OH), 3.56 (q,
4H, NCH,), 1.84 (m, 4H, CHy), 1.26 and 1.06 (s, 18H each ,Bu')

5c: yield: 95%, mp: 183-185°C 'H NMR &: 9.18 (t, 2H, NH), 8.02 (s, 2H, OH), 7.09 (s, 4H, ArH), 6.97 (s, 4H,
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ArH), 4.58 (s, 4H, OCHa), 4.12 and 3.45 (d, J=13.3, 8H, ArCH,Ar), 3.51 (t, 4H, CH,0H), 3.41 (g, 4H, NCH,),

s ¥ 1 o b

1.66 (m, 4H, CHa), 1.55 (m, 4H, CH3), 1.43 (m, 4H, CHj), 1.27 and 1.05 (s, 18H each, Bu)
6b: yield: 80%, mp: 230-232°C "H NMR 3: 8 97 (t, 2H, NH), 8.10 (s, 2H, OH), 7.11 (d, 4H, ArH), 6 96 (d,
4H, ArH), 6.81 (t, 2H, ArH), 6.75 (t, 2H, ArH), 4.62 (s, 4H, OCH3), 4.17 and 3.51 (d, J=13 .4, 8H, ArCH;Ar),

67( nnfpf AH CH,)

al
Mreiiiiin o2 xly
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General procedure for the preparation of 7a,b,c,d and 8b chioroaikylamides

Compounds Sa,b,c,d and 6b (Immol) dissolved in CHCl; (20ml) were allowed to react with SOCI,
(0.5ml, 6.9 mmol) (5d: 1.5ml SOCl; and a drop of pyridine) at room temperature then refuxed for 2h. After
evaporating the solvent and the excess of SOClL, under reduced pressure, the crude products were purified by
trituration with methanol (5d with water) to yield 7a,b,c,d and 8b as white powders.
7a: yield: 92%, mp: 226-229°C (EtOH) 'H NMR §: 9.24 (t, 2H, NH), 7.77 (s, 2H, OH), 7.09 (s, 4H, ArH),
6.94 (s, 4H, ArH), 4.61 (s, 4H, OCHj), 4.17 and 3 45 (d, J=11.3, 8H, ArCHAr), 3.77 (q,4H, NCHy), 3.71 (t,

4H, CH,Cl), 1.28 and 1.05 (s, 18H each, Bu')

7b: yield: 90%, mp: 224-226°C (EtOH) 'H NMR 3: 9.01 (t,2H, NH), 7.91 (s, 2H,0H), 7.09 (s, 4H, ArH), 6.95
(¢ 4H ArH) 4 60 (s 4H OCH,) 4 15 and 345 (d. 1=13 3 8H ArCH-Ar. 3 64 (a 4H NCH-) 3 62 (t 4H
AWy Tk, SRy, TUV G, TRE, WAL, T AL QUG SIS, VTSI, DXL, SRRRZIM J, SV Y, TRR, ANERZ ), VL R, THA,
CH;Cl), 2.08 (quintet, 4H, CH3), 1.28 and 1.06 (s, 18H each, But)

e F Y ";%IA TFROL wmn- INAD0RCC (RuOYHN 1 AR K- AN1{+ 27F NHY 701 (¢ 292H OHY 7 10 {c A AcrH)

Il YICIK, 7U/0, HIP. £UUSLUG U UFUNWIE) 13 LUVIIN UL TV (L, &XX, INKXJ, 7.7 1 (9, &11, ULk, 7.1V D, TLL, /\kil),
6.96 (s, 4H, ArH), 4.60 (s, 4H, OCH,), 4.15 and 3.46 (d, J=13.3, 8H, ArCH,Ar), 3.55 (t, 4H, CH,Cl), 3 .44 (q,
4H, NCHjy), 1.83 (m, 8H, CHy), 1.28 and 1.07 (s, 18H each, B‘ut)

7d: yield: 100%, mp: 195-197°C (hexane) 'H NMR §: 8.95 (t, 2H, NH), 7.89 (s, 2H, OH), 7.10 (s, 4H, ArH),

6.95 (s, 4H, ArH), 4.58 (s, 4H, OCH3), 4.12 and 3.46 (d, J=13 4, 8H, ArCH,Ar), 3.41 (q, 4H, NCH3), 3.29 (1,
C

4H, CH,Cl), 1.71 (quintet, 4H, CH,), 1.65 (quintet, 4H, CH,), 1.47 (quintet, 4H, CH), 1.28 and 1.06 (s,1 8H
each, Bu')

8h: vield: 83%, mp: 206-209°C (BuQH) 'H NMR &: 8.91 (t, 2H, NH), 8 20 (s, 2H, OH), 7.13 (d, 4H, ArH),
6.94 (d, 4H, ArH), ), 6.77 (t, 4H, ArH), 4.63 (s, 4H ,0CH;), 4.18 and 3.52 (d, J=12.9, 8H, ArCH,Ar), 3.66 (t,
4H, CH,Cl), 3.58 (q, 4H, NCH3) 2.07 (m, 4H, CHy)

Synthesis of 9a,10a and 9b,10b doubly capped calixarenes (regioisomer A)
The intramolecular alkylation of 7a,b,¢,d and 8b chloroalkylamides was effected according to our method

" 1 M 1 2‘ re. 1 ] PR o) = 1. N Ls aJ M alt o~ e ane Fe | " * z 1 ey ¥aY "
reported previousty (/a,c,d gave unsausiactory resuiis). 10 a solution o1 /o Or b (1mmol) in oluene (4vmi)

50% aqueous NaOH (2ml) and tetrabutylammonium bromide (0.05g, 0.115mmol) were added and vigorously
atirrad at 100°C for Aftar conling water {10m wae added and the lavere were cenarated The aoroanie
DUUIVU at 11UV U Ul W LL TV VUUMILE, YWAlvl {1Vill) YWad GUULVU QiU tiiv 1ayvid vy JwWpHGIGLV. 1l Vi RAliv

phase was washed with dilute aq. HCI (10ml) and water (10ml) subsequently. The toluene solution was dried
1 evaporated to dryness. The crude product was triturated with water to give 9a or 10a as white
powders which were purified by recrystaliization. The 9b, 10b thicamides were prepared from 9a, 10a with

Lawesson reagent (toluene, 110°C, Sh) according to ref. 2
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9a: yield: 88%, mp: 333-335°C (BuOH). Anal. calcd. for: CsqH7oN2Og (843.16): C 76.92, H 837, N 3.32,
Found: C 77.11 H 833 N 334. El MS m/z 842 (99%) [M]"* Positive FAB MS m/z 843 (100%) [M+H]'

AT » Ay

Negative FAB MS m/z 84

foem
—
bt
5
v
-3-;
[
s
—

6.82 (s, 2H, ArH), 6.78 (s, 2H, ArH), 4.24 and 3.32 (d, J=12.0, 4H, ArCH,Ar), 4.28 and 3.30 (d, J=125, 4H,

CHy), 2.09 (d, 2H, CHy), 4.16 (m, 4H, OCH,), 3.96 (m, 4H, OCH,), 1.28 and 0.94 (s, 18H each, Bu')
9b: yield: 91%, mp: 285-287°C (BuOH). Anal. calcd. for: Cs4H7oN2048; (875.29): C 74.10, H 8.06, N 3.20,
Found: C 7432 H 811 N 3.15. EI MS m/z 874 (100%) [Mr' Pasitive FAB MS m/z 875 (98%) [ M+HT lH

MikG. N TN i < ¥R P/ Q754 LIV /0 © ATIi}

NMR &: 11.52 (t, 2H, NH), 7.14 (s, 4H, ArH), 6.81 (s, 2H, ArH), 6.79 (s, 2H, ArH), 4.24 and 3.36 (d, J=12.5,

and 3
4.07 and 3.29 (d, J=12.8, 4H, ArCH,Ar), 5.53 (d, 2H, OCH3), 4.37 (d, 2H, OCH;), 3.99 (t, 2H

= = 3 <SSR &80

NCH3), 3.90 (t, 2H, NCH), 2.47 (q, 2H, CH,), 2.19 (d, 2H, CH,), 4.20 (m, 4H, OCH3), 3.99 (m, 4H, OCH,),

10a: yield: 73%, mp: >400°C (BuOH). Anal. calcd. for: C3gH33N>Og (618.73): C 73.77, H 6.19, N 4.53, Found:
C 73.46 H 6.23 N 4.45 '"HNMR &: 9.65 (t, 2H, NH), 7.17 (d, 2H, ArH), 7.09 (d, 2H, ArH), 7.07 (d, 2H, ArH),
7.03 (d, 2H, ArH), 6.86 (t, 2H, ArH), 6.78 (t, 2H, ArH), 4.25 and 3.42 (d, J=12.6, 4H, ArCH>Ar), 4.29 and

2AN {d T=122 AT ACH. AR 408 (¢ 71 OCH.) Y06 (¢ 2 CHY TR0 [t 2 CHL 286 (1 21
3.9V G, 5145, S, Alviniy, .72 (5, &5k, Uuri}j, 3.70 (5, 411, ULy, 3.0V \§, 411, 1voa1dy, 3.0 \1, 4an,
NCHy), 2.40 (q, 2H, CH3), 2.19 (q, 2H, CHy), 3.96 (m, 4H, OCHj,), 4.05 (m, 4H, OCHy)

enL, Co1d, ALD/ . INL ANQO0M At 1 1 £ I NN N 112 IT £ 00 N AN Triimd O
19D; )'ICl(l Y270, HIP. JUO-IUD Ad. /U193, 11 0.00, IN 4.0V, TQUII. U

NH), 7.16 (d, 2H, ArH), 7.10 (d, 2H, ArH), 7.04 (d, 2H, ArH),
7.01 (d, 2H, ArH), 6.87 (i, 2H, ArH), 6.78 (t, 2H, ArH), 4.31 and 3.44 (d, j=12.4, 4H, ArCHyAr), 4.10 and
3.39 (d, J=12.7, 4H, ArCHAr), 5.40 (s, 2H; OCH3), 4.36 (s, 2H, OCH5), 3.96 (t, 2H, NCH3), 3.85 (t, 2H,
NCH3), 2.48 (q, 2H, CHy), 2.20 (q, 2H, CH,), 4.08 (m, 4H, OCHj,), 3.97 (m, 4H, OCH;)

PPy N ~ PR, 20 N f. .

7-bis(ethoxycarbonyipropoxyj-26, 28-dinydroxycalix 4 jarene (116 and

b e
7-bis(ethoxycarbonylbutoxy)-26, 28-dihydroxycalix(4]arene (11c)
b

dilute HCI and water, subsequently. The organic phase was dried (Na;SO4) then evaporated to dryness to give

crude products purified by trituration with MeOH.
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33 (d, J=13.0, 1H, ArCH,Ar), 3.37 (d, J=13.0, 1H, ArCHAr), 3.34 (d, J

-y

J=13.0, 1H, ArCH,Ar), 1.36 (t, 6H, CHs), 1.20 and 1.06 (s, 18H each, Bu'")

Sjnthesis of 18a,b doubly capped calixarenes (regioisomer B)

The amidation of 15 with ethanolamine to afford 16 followed bv the chlorination to 17, intramolecular
..... of 1d with ethar ine 10 alforg 16 Iolloweg Dy the chionnahion (o 1/ iequiar

cyclization to 18a and sulfur exchange to 18b were carried out exactly in the same way as described for the

regioisomer A.

16: yield: 93% mp: 229-232°C, "H NMR &: 9.41 (or., 2H, OH), 8.38 (t, 2H, NH), 7.02 (d, J=2.0, ZH, ArH),
7.00 (d, J=2.0, 2H, ArH), 6.97 (d, }=2.0, 4H, ArH), 4.86 and 4.21 (d, J=14.5, 4H, OCH,), 4.37 and 3.32 (d,
J=13.1, 4H, ArCH;Ar), 4.30 and 3.38 (d, J“13 6, 2H, ArCH,Ar), 4.24 and 3.38 (d, J=13.0, 2H, ArCH,Ar),
3.75 and 3.80 (m, I,.=11.3, 4H, CH,OH), 3.58 and 3.60 (q, 4H, NCH3), 1.88 (quintet, 4H, CH;), 1.20 and

A _wY oA

(d, J=13.1, 4H, ArCHyAr), 435 and 3.41 (d, J=13.7, ZH, ArCHjAr), 4.26 and 3.38 (d, J=13.0, 2ZH, ArCH,Ar)

3.68 and 3.66 (m, J=11.2, 4H, CH,Cl), 3.62 (m, 4H, NCH;), 2.16 (quintet, 4H, CH;), 1.23 and 1.17 (s, 18H

each, Bu)
18a vield: 71% mp:145-347°C (E1tOH) Anal caled for CesHanN-Q« (843 16) C 76.92. H 8 37. N 3 32 Found:
A& il /i70 0p.2 4 AR CA A Y Bi. WIS AVEL OJREAIURSLVO N 7 -y > >

C 77.15 H 8.32 N 3.36. EI MS m/z 842 (100%) [M]™* 'H NMR &: 9.47 (t, 2H, NH), 7.00 (s, 2H, ArH), 6 98 (s,
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2H, ArH), 6.96 (s, 2H, ArH), 6.90 (s, 2H, ArH), 4.40 and 3.32 (d, J=12.3, 2H, ArCH,Ar), 4.22 and 3.29 (d,
J=12.7, 4H, ArCH3Ar), 4.20 and 3.29 (d, J=12.5, 2H, ArCH,Ar), 492 (d, 2H, OCH3y), 3.97 (d, 2H, OCHy),

Ar e o vouww v P | o

4 (m, ZH, NCHj), 3.59 (d, 2H, NCHy), 2.46 (q, 2H, CHy), 2.11 (d, 2H, CHjy), 4.34 (d, 4H, OCHy), 3.91 (t,

Uul

4H, OCHy), 1.11 and 1.09 (s, 18H each, Bu')

18b yield: 68% mp:315-316°C, Anal. calcd. for: Cs4H79N204S; (875.29): C 74.10, H 8.06, N 3.20, Found: C
74.34 H 8.01 N 3.22. Positive FAB MS m/z 875 (85%) [M+H]" 'H NMR §&: 11.19 (t, 2H, NH), 6.99 (s, 2H,
ArH), 6 97 (s, 2H, ArH), 6.94 (s, 2H, ArH), 6.90 (s, 2H, ArH), 4.40 and 3.34 (d, J=12.0, 2H, ArCH,Ar), 3 .99

We are indebted to the Hungarian National Science Foundation ( OTKA, Project No T 017327 and
T 016583) for support of this research,
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11b: 47%, mp: 178-180°C (BuOH) 'H NMR &: 7.63 (s, 2H, OH), 7.06 (s,4H, ArH), 6.85 (s, 4H, ArH), 4.26

and 3.33 (d, J=12.9, 8H, ArCH,Ar), 4.17 (q, 4H, OCH3,), 4.06 (t, 4H, OCHy), 2.87 (1, 4H, CHy), 2.34 (m, 4H,
CHj), 1.30 (s, 18H, Bu'), 1.27 (t, 3H, CH3), 1.24 (t, 3H, CH3), 1.01 (s, 18H, Bu')
11c: 53%, mp: 170-172°C (EtOH) 'H NMR &: 7.53 (s, 2H, OH), 7.06 (s,4H, ArH), 6.83 (s, 4H, ArH), 4.28 and

4H, OCH,), 401 (t, 4H, OCH,), 2.50 (t, 44, CH,)

q, ARy NN KLY T, 1, TxL \J\.I.I.J‘,, r4 v, VRL, 21

IT08 fm CH CHLN
PRV

s L, UXS, \XX)J,

1.31 and 0.99 (s, 18H each u) 1.25 (1, 3H, CH3), 1.24 (t, 3H, CHj3)

3,11,17,23-Tetra-teri-butyi-25,27-bis{ (N-2-hydroxyethyicarbamoyi)propoxyj-26, 28-dihydroxycaiix{4 jarene
(12b) and 5,11,17,23-tetra-tert-butyl-25, 27-bis{(N-2-chloroethylcarbamoyl)propoxy]-26, 28-dihydroxycalix-
[4 Iﬂrp_np (13b)

{257

To a suspension of 11b (4.15g, 4. 75mmol) in EtOH (70mi) 20g 50% aq. KOH solution was added and
refluxed for Zh. After evaporating the solvent under reduced pressure the residue was mixed with water (80mt).

and acidified with dilute HCl. White crystals were precipitated which were filtered off, washed with water and

(LSS Lt ) Alwiza YV ARivwia e Waiy VVTRAwwe ¥Viavwa  LeRine

EtOH, subsequently, and dried to give the respective diacid (3.9g, 100%). The crude diacid (1.03g, 1.25mmol)
was chlorinated with SOCl, (3ml, 40mmol) in benzene (35ml) under reflux (2 h) to yield diacid chloride which

- ‘ oy

was isolated and condensed with ethanolamine (2.54g, 4immol) in CH,Cly (30mi) at 0°C (Zh). After standard

workup 12b ( l.OSg, 93%, mp: 168-170°C) was obtained which was chlorinated analogously as described for

Eem a L cana
unupuuuu l 11 5 T IUIL

Compounds 12¢ (90%, mp: 60-161°C) and 13c¢ (87%, mp: 98-102°C) were prepared in similar manner. The 'H
NMR data of 12b,c and 13b,c are in accordance with the 1,3-disubstituted cone structure: 6.8-7.1 (2xs, ArH),

EF.L iitd <

3.2-4.3 (AB d, J=13, ArCH;Ar). Attempts to cyclize 13b,c to 14b,c were unsuccessful.

5,11,17,23-Tetra-tert-butyl-25-benzyloxy-26,27,28-trihydroxycalix[4]arene 23 (5g, 6.77mmol), BrCH, -
COOEt (15.1g, 90mmol) and BaO (14g, 91.3mmol) were stirred in DMF (100ml) at room temperature for 24h.
Subsequentiy water (150mi) was added and extracted with CHCIs (2x150mi). The iayers were separeted and the
organic layer was washed with water several times. After drying (Na;SOj4) the solvent was evaporated under

n

A

reduced pressure and the crude product was purified by trituration with M MeOH to give 5,11,1
butyl—25~benzyloxy-26,27—bls(ethoxycarbonylmethoxy)—z8-hydroxycalix[4]arcne as a white powder (4.1g, 67%):
mp; 172-173°C (EtOH) TH NMR &: 7.55 (d, 2H, ArH), 7.39 (t, 2H, ArH), 7.33 (t, 1H, ArH), 7.11 (d, J=2.0,

1H, ArH), 7.09 (d, J=2.0, 1H, ArH), 7.05 (d, J=2.0, 1H, ArH), 7.04 (d, J=2.0, 1H, ArH), 6.60 (s, 2H, ArH),
6.54 (s, 1H, ArH), 6.53 (s, 1H, ArH), 6.46 (s, 1H, OH), 5.01 and 4.85 (d, J=17.1, 2H, OCH,CO), 4.97 and 4.88



