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Abstract. The synthesis and characterization of four newing that the ability to form convergent inclusion compounds
macrocyclic host compounds-4 having modified diphe- depends on the type of the spacer element. For the dicarbox-
nylmethane units as bridging elements and éwdcorien-  ylic hosts1 and2 endecomplexation of guest molecules
tated carboxylic acid groups attached to aromatic buildingbased on hydrogen bonding to the acid functions is proved
blocks are described. The complexation properties of tha&ising'H NMR investigation and X-ray crystal structure anal-
macrocycles towards amines and alcohols are reported, showsis.

Macrocyclic host compounds, now as ever, play an imene of the most important and most frequently used non-
portant part in supramolecular chemistry [1, 2]. Manycovalent interactions [9]. In this field, an advantage is
structural concepts such as lying behind the crown ethetkat H-bonds enable a variety of well defined binding
and cryptands [3], the calixarenes [4] or other cycloimodes [10]. With reference to the H-donor functionali-
phane-type macrocycles [5] have been developed tty they mainly involve hydroxy, amine and to a certain
examine the selective binding of ions and unchargedegree amide groups [11]. On the other hand, carboxy-
guest species in a molecular cavity [6, 7]. In cases dic groups are only scarcely used in artificial receptors,
the inclusion of neutral guest compounds it proved satas contrasted with biological systems [12]. In particu-
isfactory to attach binding sites in a preorganized mankar, examples of macrocyclic hosts containing this very
ner inside a well fitting cavity that meets complementa-group in arendooriented way are rare in the literature
ry with regard to the size, the shape and the functionall3, 14]. A reason for this fact is perhaps the crux com-
ities of the guest molecule [8]. H-bonding is certainly pelling this active group into a cavity which needs a

(] o (] (]
o HO, o HO,
OH o OH o

{¢] (¢] {¢] (¢]

W
O
O
W
O

8
- O
o
8
o

o

&

O N
ay

o) o o] o
o H o HO,
OH o OH o

0 o o o

HOOC

(O
2
(D
Q

Fig. 1 Synthesized macrocyclic receptdrs4
274  © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999 1436-9966/99/3410X-274 $ 17.50 + .50/0 J. Prakt. X9196n341, No. 3
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macroring of reasonable size but which is rigid enougltavity and between the two carboxy groups to allow a
to prevent this group from getting out or forming guest complexatiomia H-bonding. Previous molecu-
transannular interactions such as carboxylic dimers dar mechanics calculations (MM2) of bis(4-hydroxy-
the expense of selective guest binding. phenyl)methane derivatives [15] show the expected

Here we demonstrate a possible solution of these difroof-like arrangement of the phenyl rings, and the dis-
ficulties and report on the synthesis of four macrocylictance between both OH-groups suggests this structural
host compoundsl4; Fig. 1) providing twaendoepre-  element as a favourable unit for the host design [14,
organized carboxylic acid functions. They are based oA 6]. As a suitable building block for the intended mac-
an unique rigid framework allowing modification of rocyclization containing the carboxy groupett-butyl-
bridging elements. The inclusion behaviour of these hodtenzoic acid having two extra functional substituents
compounds regarding amines and alcohols as guest 2,6-position of the aromatic ring was selected. This
molecules is reported including conformational studiesall ensures the deliberate preoganization of the macro-
of the host—guest complexes with aminestyNMR ring with endoeorientation of the carboxy functions. The
technique as well as X-ray crystal structures of thredarge and lipophilidert-butyl substituent was also in-
complexes with ethanol. troduced to improve the solubility in organic solvents

such as chloroform or dichloromethane.
Key steps of the syntheses are the ring closure reac-

Results and Discussion tions to yield the macrocyclic estéfa—d which were
_ _ done by ether bond formation betwetand6a—d, as
Host Design and Synthesis shown in Scheme 1.

Starting point of the present host design was to bring Based on a series of experiments for optimizing the
apart two carboxylic acid groups inside of a macroringreaction conditions, high dilution [17], cesium carbon-
in order to prevent an intramolecular dimerization ofate as the base [18] and acetone as the solvent proved
these groups. With regard to that, rigid spacers or bridgnost advantageous. Using these conditions §avel
ing elements are required. At the same time the bridgh rather good yields (11%—20%), considering the for-
ing units should serve a suitable distance inside of thenations of four bonds during cyclization. Hydrolysis
of the esterda—d to yield the target moleculels-4
turned out best in the solvent/base systebutanol/
cesium hydroxide (1@ in H,0), whereas the use of eth-

) + o Q/X\Q\ anol ori-propanol as solvent was found to require much
Br Br "o on longer reaction times, and normally hydrolysis is not
7

complete.
COOCH3 The cyclization componemwas prepared as illus-
6 (a-d) trated in Scheme 2. Starting withért-butyl-m-xylene
CsCOs/Acetone (8), aromatic bromination9j, Grignard carboxylation
l M lon (10), esterification {1) and a side-chain bromination

were performed following literature procedures [19—
21]. Compound§, 6b and6c are commercial available
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Scheme 1Synthesis of host moleculés-4 Scheme 2Synthesis of cyclization component
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while 6a and6d have been synthesized using well de-spectively. These complexes were obtained by simple
scribed condensation reactions between phenol and thecrystallization from a liquid guest or by using a co-
corresponding ketones (cyclohexanone and methyl agolvent (chloroform) for recrystallization in cases of low

etoacetate, respectively) [22, 23]. solubility of the solid host in the liquid guest or if the
guest compound is a solid itself. The host—guest ratios
Solid Host-guest Complexes of the complexes were determined'bNMR integra-

tion of the dissolved complexes.
Apart from the self-complementary carboxy group [24],
other well known complementary functions as H-bond-Molecular Recognition of Amines
ing partners for a carboxylic acid site are given with the _
hydroxy group such as in alcohols [25] or the aminoA disadvantage of the complexesiof3 formed with
and amide groups provided by acyclic, heterocyclic andrim. and most of the sec. amines is that they are only
heteroaromatic amines or amides [8, 11]. Moreover, t§lightly soluble in organic solvents and often they show
obtain arendacyclic inclusion, a suitable size and shape@ non-stoichiometrical ratio between host and guést (
of the potential guest species with regard to the dimenlable 1). Also the complexes 4fwith two of the four
sions of the host cavity is required. Coming from thesé&arboxy groups laterally attached to the macroring, in
considerations, selected compounds to be testet as pgeneral, were found very similar in this behaviour and
tential guest molecules are small alcohols and amineghowed salt-character. Therefore, we focused on mo-
while carboxylic acids and their amide derivatives aren0-, bi- and tertiary amines including mono- and bicy-
dropped for reasons of too much space taken by thesdic as well as heterocyclic species of compounds, the
Compounds when hydrogen bonded [1]_, 26] Speciﬁcp_mp_lexes Of.Wh|Ch with—3 ha\/_e a much better solu-
cations of the solid host-guest complexes formed wittpility in organic solvents. As being suggested from Ta-
amines and alcohols are given in Tables 1 and 2, rdle 1, the host:guest ratio depends on the number of
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Fig. 2 Examples of NMR spectra (in CD{gkhowing the shift effect of a macrocring indicative of complexation: (a) 5',28'-Di-
tert-butyl-1',10',24',33'-tetraoxa-dispiro[cyclohexane-1,17'-([2](1,3)benzeno[2]-(1,4)benzeno[1](1,4)benzeno[2](1,3)benzeno
[2](1,4)benzeno[1](1,4)benzeno-phane)-40',1"-cyclohexane]-8',31'-dicarboxylid)a¢i (ncomplexed pyrazine; (tpyra-

zine (1:1).
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Table 1 Host—guest complexes with amin®gstoichiometric ratios, antH NMR shifts of guest protons, as specified in the
formular drawings, in CDGlsolution of the complexes relative to the uncomplexed case)

Host 1 2 3
Guest ratio Adppm ratio Ad ppm ratio Adppm
Pyridine
H N _H 1:2 -0.12 1:2 <-0.05 b b)
o
Pyrazine
H N H
AN
:[ ;E 1.1 -0.48 1:1 -0.15 1.1 +0.25
H N H
Quinoxaline
N H
N
©: /j: 1:1 -0.36 1:1 -0.27 b) b)
N H
Pyrimidine
NYH
E/N 1.1 -0.40 1:1 -0.25 1.1 +0.20
=
Imidazole
NH
[ />—H 1:1 -1.15 11 -0.95 11 +0.15
N
Piperazine
H H
N
[ j<H 11 ~1.10 11 ~1.00 b) b)
N
DABCO
ﬁ\\l 1:1 -1.20 1:1 -1.05 1:1 +0.65
[nd
Hexamethylene tetramine
N.
T( 7 - : - g ?
N\\/N
LN\/
Triethylamine 1:2 -0.90 1:2 -0.65 b) b)
NEt,

3 Aniline, 1,4-phenylene diamine, diethylamine or pyrrolidine yielded only complexes of low solubility unsuitable for NMRtiotegr
b) Not tested.
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Table 2 Inclusion compounds with alcohdis amino groups of the guest molecules. Moreover, a size
Host Cpd Guest alcohol selection with reference to the amine is seen, in partic-
CHOH CHOH 2GHOH 1-GH,OH ular when host$ and2 are used. Both compounésy.,

are able to give a solid 1:1 complex with diazabicy-

; ig ig 15 b)1-2 clooctane (DABCO), but not either such complex could
3 13 13 1.3 13 be isolated with hexamethylene tetramine or any inter-
4 1:4 1:4 1:4 b) action between the two components is deducible from

1 ; g .
3 1-Butanol, 2-butanol, ethylene glyctért.-butanol, cyclohexa- the *H NMR experiment in solution of CDQ(TabIe

nol, 1,4-cyclohexanediol or hydroquinone yielded no inclusion com-l)- )
pounds with1-3, except for3 which forms a non-stoichiometric On the other hand, the solutiif NMR spectra of

inclusion compound with 1-butandlgave non-stoichiometric com-  the amine complexes withand2 show significant up-

plexes with all alcohols specified here. field chemical shifts for the protons of the guest mole-

b) Non-stoichiometric complexes. . - : .
cules while the complexes 8fwith the amines give

(a) (b)

Fig. 3 X-ray crystal structure of 5',28'-Dert-butyl-1',10',24',33'-tetraoxa-dispiro[cyclohexane-1,17'-([2](1,3)benzeno[2]-
(1,4)benzeno[1](1,4)benzeno[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benzenophane)-40',1"-cyclohexane]-8',31'-dicarboxylic acit
(1)-2 EtOH: (a) Molecular plot (Quest molecules were not determined); (b) excerpt of the packing structure showing the channe
formation.

() (b)

Y
/\{ >
cg i{?ﬁu

Fig. 4 X-ray crystal structure of 5,28-Dert-butyl-17,17,40,40-tetramethyl-1,10,24,33-tetraoxa-[2](1,3)benzeno[2](1,4)
benzeno[1](1,4)benzeno[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benzenophane-8,31-dicarboxy} eciEtQH-2 HO:
(a) Molecular plot; (b) packing structure (guest molecules are omitted).
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(b)

Fig. 5 X-ray crystal structure of 5,28-Dert-butyl-17,40-dioxo-1,10,24,33-tetraoxa-[2](1,3)benzeno[2](1,4)benzeno[1](1,4)-
benzeno[2](1,3)benzeno[2](1,4)benzeno[1](l,4)benzenophane-8,31-dicarboxyl®) a&EtOH: (a) Molecular plot; (b) packing
structure (guest molecules represented as spheres).

rise to 'normal’ shifts to higher ppm values (Table 1)the carbon atom that contains the hydroxy group. Actu-
An example of this shift behaviour is illustrated in Fig. ally these hydrogen atoms are shifted upfield between
2 showing théH NMR spectra of théree host com- 0.1 and 0.2 ppm for all complexeslodind2, wherea$
poundl, of uncomplexed pyrazine (signal at 8.60 ppm)and 4 cause small downfield shifts (0.05-0.2 ppm).
and of the inclusion complekpyrazine (1:1), leading From the sign of the shifts, this is well in keeping with
to an upfield shifted signal for the guest located at 8.12he above complexes of the amines, suggesting similar
ppm. Obviously, the guest protons are shielded by theonditions concerning the orientation of the binding sites
macrocyclic ring of the host compound, demonstratingof the hosts in both types of complexes. Hence, the crys-
accommodation of the guest molecule inside the hodal structures successfully performed of three host—guest
cavity. By comparison, the particular arrangement oicomplexes with alcohols including different hosts but
the benzophenone bridging units in host compdind the same guest, namdly. EtOH,2:2 EtOH2 H,O and
where a distortion of the aromatic rings is very likely 3-3 EtOH, are of particular relevance.

[27], does not allow to serve convergent binding sites. Crystals of these complexes suitable for x-ray crys-
Considering the X-ray crystal structures of the ethanotal study were obtained from ethanol solutions of the
inclusion complexes (see below) there is every reasohost compounds by slow solvent concentration. Unfor-

to believe in this interpretation. tunately, in case of the2 EtOH complex the crystals
_ _ decompose so quickly that the guest molecules could
Inclusion Compounds with Alcohols not be determined in the structure preventing from re-

In principle, as follows from Table 2, crystalline inclu- finement to convergence. Nevertheless, the crystal struc-
sion compounds containing alcohols as guests were obdre furnishes a first model of the macrocycle explain-
tained from all host molecule$<{4). Nevertheless, they ing its conformation. Molecular structures and packing
refer to rather small alcohols while large alcohols failedexcerpts of the three complexes are illustrated in Figs.
to form crystalline complexes, giving rise to a distinct 3—5.
differentiation between alcohols according to their size With reference to FigSa and 4a, the most remarka-
(cf. Table 2). Another remarkable effect is the clear stoible point is the orientation of the carboxy groups being
chiometric ratio (host:guest) provided by each host comendoin the two host moleculesand2. The distance
pound in its complexes, being 1:2 fband2, 1:3 for3  between the intra-host carboxy groups [GBEC] in
and 1:4 for4, in the strict sense. Fdr, 2 and4 this 1-2 EtOH of 6.34 A is far from allowing acid dimeriza-
behaviour correlates with the number of carboxyliction. Thus itis highly probable that the two ethanol mo-
groups involved in the host structure, wHldnaving  lecules are inserted between these groups and are held
two carboxylic and two simple carbonyl groups is anfixed by hydrogen bonding in accordance with the struc-
intermediate case. ture of2-2 EtOH2 H,0. In the crystal of th2-2 EtOH
ThelH NMR data of the dissolved complexes show?2 H,O inclusion compound a cyclic hydrogen bond sys-
only small shifts relative to the individual compoundstem is found in the molecular center. This hydrogen
including the hydrogen atoms of the alcohol attached tbonded ring is formed by an alternating arrangement of
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two ethanol, two water oxygens and the two carboxylicshown for the macroringkand2, molecular recogni-
groups (the distance of Qkt - O=GC, ,is 7.23 A). The  tion of suitable guest molecules including alcohols and
CH, units of the ethanol molecules are inside the hosamines takes place inside of the host cavity involving
cavity while theCH, groups are located outside of the both of their carboxy groups as binding sites in a clear
plane of the macroring. These facts are in good agreendomode. This particular inclusion behaviour is prom-
ment with the upfield shifts found in the solution ising to a range of potential applications such as cataly-
IH NMR spectra. Although the acid functions are usedis [1b, 29], selective compound extraction and trans-
for binding the alcohol in the cavity and do not takeport [14, 30, 31] or sensing [32, 33]. Moreover, with
part in other way, the packing of the complek@EtOH  reference to the modular strategy the concept is capable
(Fig. 3b) and2-2 EtOH2 H,O (Fig. 4b) are rather dif- of development yielding othendodicarboxylic recep-
ferent. Hostl accommodates the guest molecules intors having variable shapes and sizes of the host cavity
infinite channels which pass through the crystal like on varying the bridging elements.

system of parallel tubes. Easy diffusion of the guest

molecules is enabled, thus explaining the fast solvent

loss of the crystals during the measurement. The tubuldgnancial support by the Deutsche Forschungsgemeinschaft
are held together only by van-der-Waals forces. In théWe 1016/4) and the Fonds der Chemischen Industrie is grate-
ternary inclusion compound @fwith ethanol and wa- fully acknowledged. The authors also thank Dr. C. Foces-
ter, 2 forms discrete complexes with the guest specieé.:.oces' Dr. M. Nieger and Dr. W. Seichter for helpful discus-
It is particularly interesting to see the two water and>°n's With the crystal structures.

two alcohol molecules separately bound to opposing -
COOH groups in the same cavity. This particular fea
ture holds for both molecules of the asymmetric unit.

The two hosts are placed in the unit cell such that they, nesisvelting points (uncorrected): Kofler melting point
are roughly rectangular to each other with the ring midapparatus. — IR spectra: Perkin-Elmer FT-IR-1600 spectro-
dle always covered by the apotart-butyl groups of  meter. — NMR spectra: Bruker AC-200 (200 MHZH,
the other neighbouring hosts. The so placed macroring® MHz —13C; d values in ppm relative to tetramethylsilane
yield a packing structure which consists of two layersas internal standard). — Mass spectra: Cratos Concept 1H
As before only van-der-Waals intermolecular interac-(FAB). — Elemental analyses: Heraeus CHN-O-Rapid. All
tions stabilize this crystal structure. reagents were commercial products and were utilized with-
The molecular structure of compouddiffers from out further purification. The solvents used were purified or
1 and2 in the arrangement of the phenyl rings of thedred by common literature procedures.
benzophenone spacer element (Fig. 5a). As a consétarting materials 2,2-Bis(4-hydroxyphenyl)propanétf)
quence, one of the carboxy groupsrisicoriented while ~ and 4,4'-dihydroxybenzophenotte)are commercially avail-
the other has aexcorientation. For this reason, the ablé (Aldrich) while 1,1-bis(4-hydroxyphenyljcyclohexane
hydroxy groups of the guest molecules in3t@EtOH (63 [22] and methyl 3,3-bis(4-hydroxyphenyl)butyragel

: . : : _[23] were prepared by literature procedures. 2,6-Dimethyl-4-
qrystal Inter_act _separatly with the carboxylic acid func tert-butylbenzoic acidX0) was obtained analogously to mes-
tions resulting in isolated host:guest hydrogen bond

n ) foic acid [19] from 4tert-butyl-m-xylene 8) by bromina-
andenddexobinding of the two independent ethanol (o o give 4tert-butyl-2,6-dimethylbromobenzen®) (88%,
guest molecules. In addition, the third alcohol mole-mp. 48— 49 °C) which was converted to the carboxylic acid
cule forms a hydrogen bond to one of the carbonyl0oby Grignard reaction with carbon dioxide (60%p. 167—
groups of the host. Again no inter-associate hydrogen68 °C). CompoundOwas stirred with a threefold excess of
bonding can be detected between the dis&8tEtOH  thionyl chloride for 12 h at room temperature. The reaction
complexes. As obvious from the packing diagram, pri-mixture was cooled to 0 °C and quenched with an excess of
marily 7einteractions between neighbouring macro-2absolute methanol. Evaporation of methanol and distillation
; i ; ; ; of the resulting residue yielded 88% methyedt-butyl-2,6-
rings stabilize the layers in this structure. Thearin- imethvib " 38-40 °C) [20]. NBS-bromin
teractions, due to the exposed aromatic surfaces, nﬁ methylbenzoateld) (m.p. 38 ) [20]. -oromina-

infl K £ th | | f n of the methyl estetl by refluxing 2.1 equivalents of
only influence and make use of the molecular con O'NBS and a trace of AIBN in tetrachloromethane for 3 h fol-

mation. They are also obviously decisive in the latticqowed by usual workup (recrystallization frampentane) gave
buildup analogously to some nine- and six-memberedsy, of methyl 2,6-bis(bromomethyl)tért-butylbenzoaten)
calixarene hosts with heteroaromatic spacers [28].  (m.p. 94—96 °C) [21].

In summary, development of the present host design
leads to new cyclophane receptors containing inwardlacrocyclic Ester Derivatives 5a-d (General Procedure)

preorganized carboxylic acid groups. They were obynger an atmosphere of argon 13.03 g (40 mmol) of cesium
tained using a modular strategy where 2,6-disubstitutcarbonate and 5 g of molecular sieve (0.4 A, both dried for
ed benzoic acid and diphenylmethane analogous buildt2 h at 200 °C) was suspended in 1250 ml of dry acetone.
ing blocks are combined to form the macrocycles. AsThe stirred suspension was heated to reflux, and a mixture of
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20 mmol7 and 20 mmol of the corresponding bisphegast CsH5,044 Calcd.: 860.35 Found: 860.4 (MS, FAB).
d in 500 ml of dry acetone was added dropwise over 8 hC.H.,0,,-H,0 Calcd.: C73.79 H6.19
After heating and stirring for additional 3 h, the reaction mix-(879.01) Found: C 73.54 H6.15.

ture was cooled to room temperature and filtered. Evaporab
tion of the solvent gave a yellow oily residue which was ta-
ken up in chloroform ml) and thoroughly filtered through
Siica gel (5 om x 10 ciy Aftr removal of the sonvent under |L1(L4)benzenol2)(1,3)benzeno[2)(1,4)benzeno[1](1.4)
reduced pressure the oily residue was dissolved in acetorp;nzgnophane-l?,40—d|yl]—d|ace.ta(t'ﬂj)

and allowed to stand at 8 °C for several days (3—10 d). ThEeaction of 7.56 § and 5.73 @d yielded 1.86 g (18.5%) of
colourless solid which formed was collected and recrystal5d as a colourless solithp. 221-223 °C. - IR (KBry/cnrt

lized from acetone. Specific details for each compound ar& 2952, 1733, 1610, 1509, 1245, 884, 83'H-NMR (200
given below. MHz, CDCL): dppm = 1.33 (s, 18H), 1.83 (s, 6H), 3.03 (s,

_ , 6H), 3.10 (s, 4H), 3.46 (s, 6H), 5.24 (s, 8H), 6.72 (d,BH,
Dimethyl 5',28'-di-tert-butyl-1',10',24',33'-tetraoxa- g g Hz), 7.03 (d, 8HJ = 8.8 Hz), 7.38 (s, 4H). 13C NMR
dispiro[cyclohexane-1,17'-([2](1,3)benzeno[2]-(1,4)ben- (50 Mhz, CDCY): dppm = 27.24, 31.00, 34.67, 43.64, 45.62,
zeno[1] (1,4)benzeno[2](1,3)benzeno[2](1,4)benzeno[l] 50 g6, 51.12, 69.36, 113.74 , 125.88, 127.48, 129.94, 135.56,
(1,4)benzenophane)-40" 1"-cyclohexane]-8',31'-dicarboxy-141 32 152.95 156.86, 168.59,171,72.

imethyl 2,2'-[5,28-di-tert-butyl-17,40-dimethyl-8,31-
bis(methoxycarbonyl-[2](1,3)benzeno[2](1,4)benzeno

late (5a) CeHeeO1o Calcd.: 1004.47 Found: 1004.4 (MS, FAB).
Reaction of 7.56 @ and 5.37 gayielded 1.95 g (20.1%5a CeHgeOpp - H,O  Caled.: C72.78 H6.90
as a colourless solian.p. > 300 °C. — IR (KBr):vw/cnmr? = (1023.23) Found: C72.66 H6.83.

2935, 2860, 1731, 1609, 1508, 1279, 1242, 881, 824. —
!H NMR (200 MHz, CDCJ)): dppm = 1.24 (s, 18H), 1.42
(m, 12H), 2.13 (m, 8H), 2.80 (s, 6H), 5.00 (s, 8H), 6.89 (d,
8H,J = 9 Hz), 7.07 (d, 8HJ = 9 Hz), 7.35 (s, 4H). — 1 mmol of the diestefSa—5c or of the tetraestéd was sus-

13C NMR (50 MHz, CDCL,): dppm = 23.38, 26.78, 31.22, pended in 50 mi-butanol. After addition of a tenfold excess
35.07, 37.23, 45.12, 51.22, 69.34, 114.07, 126.49, 128.1per ester function) of a 10 molar aqueous cesium hydroxide

Macrocyclic Carboxylic Acids 1-4 (General Procedure)

130.56, 136.03, 142.24, 153.54, 156.78, 168.72. solution, the reaction mixture was heated under reflux until a
CeH7:0¢ Calcd.: 968.52 Found: 968.5 (MS, FAB). clear solution was obtained. Heating was continued for 3 h,
CgsH;,0g - H,O Calcd.: C77.86 H 7.55 and the solvent removed under reduced pressure. The solid
(987.29) Found: C 77.90 H 7.30. residue was suspended in 50 ml eftlydrochloric acid and

. . stirred at room temperature for 1 h. The aqueous suspension
Dimethyl 5,28-di-tert-butyl-17,17,40,40-tetramethyl-1,10, was extracted three times with 50 ml chloroform.The com-

24,33-tetraoxa-[2](1,3)benzeno[2] (1,4)benzeno[l] (1,4) bined oraani ; -
ganic layers were dried over,B8&, and the solvent
benzen0[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benze-evaporated_ The crude products were purified by recrystalli-

nophane-8,31-dicarboxyla(b) zation from benzene. Specific details for each compound are
Reaction of 7.56 @ and 4.57 b yielded 1.29 g (14.5%) of given below.

5b as a colourless solidy.p. > 300 °C. — IR (KBr)vicnr1 =

2934, 2856, 1727, 1607, 1509, 1225, 900, 824 NMR 5',28'-Di-tert-butyl-1',10',24',33'-tetraoxa-dispiro[cyclo-
(200 MHz, CDC)): dppm = 1.35(s, 18H), 1.66 (s, 12H), hexane-1,17'-([2](1,3)benzeno[2]-(1,4)benzeno[1](1,4)
3.03 (s,6H), 5.13 (s, 8H), 6.74 (d, 8H,= 8.4 Hz), 7.08 (d, benzeno[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benzeno-
8H,J = 8.4 Hz), 7.38 (s, 4H).13C NMR (50 MHz, CDC)): phane)-40',1"-cyclohexane]-8',31'-dicarboxylic a¢id

fngrglz 52()714173 Sllé%)4’1§4'18335_; 35317435%;11233 iégg?% g (_2.53 mmoldayielded 2.04 g (85.7%) as a colour-
i e = e e = "“Hess solidm.p. > 300 °C. — IR (KBr)v/icm1 = 2935, 2860,

168.77. 1703, 1608, 1509, 1243, 884, 8241H-NMR (200 MHZ;

CsgHeaOg Calcd.:. 888.45 Found: 888.4 (MS, FAB). CDCL): dppm = 1.26 (s, 18H), 1.51 (m, 12H), 2.18 (m, 8H),
CegHgOg' H,O Calcd.: C76.79 H7.11 5.17 (s, 8H), 6.76 (d, 8H, = 8.5 Hz), 7.06 (d, 8HJ = 8.5
(907.10) Found: C 76.83 H 7.25. 11 (o  NM ’ :

Hz), 7.41 (s, 4H). £3C NMR (50 MHz, CDC}/DMSO-d6):

: : . d = 22.38, 25.87, 30.81, 34.32, 35.98, 43.76, 78.81,
Dimethyl 5,28-di-tert-butyl-17,40-dioxo-1,10,24,33-tetraoxa- 11pspg]8 125.64. 127.06. 127.45 134.38 140.70. 151.42
[2](1,3)benzeno([2](1,4)benzeno[1](1,4)-benzeno[2](1,3) 155 94 169.02. o Y o o o

benzeno[2](1,4)benzeno[l](|,4)benzenophane—8,31—dicarb—C62|_|6808 Calcd.: 940.49 Found: 940.4 (MS, FAB).
oxylate(Sc) , CoHeOs - 3H,0 Calcd.: C74.82 H 7.49
Reaction of 7.56 g and 4.28 §cyielded 0.97 g (11.2%)c  (995.26) Found: C74.96 H 7.79.

as a colourless solic dec. > 280 °C. — IR (KBrw/cmt = .

2959, 1715, 1645, 1599, 1505, 1286, 851, 76H NMR 5,28-Di-tert-butyl-17,17,40,40-tetramethyl-1,10,24,33-
(200 MHz, CDCYDMSO0-d6):dppm = 1.15 (s, 18H), 3.26 tetraoxa-[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benze-
(s, 6H), 5.34 (s, 8H), 6.86 (d, 88i= 8.5 Hz), 7.35 (s, 4H), no[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benzenophane-
7.56 (d, 8H,) = 8.5 Hz). 13C NMR (50 MHz, CDCYDMSO-  8,31-dicarboxylic acid2)

d6): dppm = 30.28, 34.26, 51.61, 68.08, 114.01, 123.20,1.84 g (2.07 mmoljb yielded 1.45 g (80.5%%) as a colour-
125.76, 130.32, 131.46, 135.47, 153.53, 161.24, 167.90ess solidm.p. > 300 °C.). — IR (KBr)vicnTl = 2962, 2878,
193.64. 1724, 1608,1509, 1228, 883, 83014 NMR (200 MHz;
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CDCIy/DMSO-d,): dppm =1.29 (s, 18H), 1.60 (s, 12H), 5.06 4 instrument. The data setsle2 EtOH and2-2 EtOH 2H,0
(s, 8H), 6.69 (d, 8H) = 8.8 Hz), 7.05 (d, 8H] = 8.8 Hz),  were measured at= 130 K (CuKa-radiation,A = 1.54178)

7.34 (s, 4H). using anw-26 scan technique, and the measuremer8- of
CseHooOs Calcd.: 860.43 Found: 860.5 (MS, FAB). 3 EtOH was performed dt= 293 K (CuKa-radiation,A =
CogHgoOg - 3H,O Caled.: C73.50 H7.27 1.54178,w scan technique). The crystals b2 EtOH de-
(915.14) Found: C73.71 H6.96. composed so quickly that the positions of ethanol guest mol-

5,28-Di-tert-butyl-17,40-dioxo-1,10,24,33-tetraoxa-[2] ecules could not be determined. The structure was therefore

(1,3)benzeno[2](1,4)benzeno[1](1,4)-benzeno|2] (1,3)ben-”°t refined satisfactorily (N@value is given)_ and only a rough
zeno[2](1,4)benzeno[1](|,4)benzenophane-8,31—dicarboxylicmOdel of the ho_st structure could be obtained. Thgz model§ of
acid (3) the other two inclusion compounds were obtained using

. - i he re-
1.44 g (1.67 mmol§c yielded 1.05 g (75.5%@ as a colour- SHELXS-86 [34] and were refined to convergence at the re

less solidmp. > 300 °C. — IR (KBrjvicm = 2955, 1702, SPectiveRvalues.

1642, 1600, 1507, 1227, 849, 768'H-NMR (200 MHz;  Crystal data forl-2 EtOH: GgHg,O,; M = 1033.34;p =
CDCly/ DMSO-d): dppm = 1.21 (s, 18H), 5.52 (s, 8H), 6.98 1.025 g/cril; space group2,/n; a=26.632(3)b = 10.636(1),
(d, 8H,J = 10.4 Fiz), 7.39 (s, 4H), 7.70 (d, 8%= 10.4 Hz). € =11.850(1) A = 90,3=93.91(1)y= 90°V = 3349 A;
Cs,H,s0;0 Calcd.: 832.32 Found: 833.3 (MH; MS, FAB). £ = 2;F(000) = 1112y/= 0.510 mm.

CeHus0y0 - H,O: Calcd.: C73.40 H5.92 Crystal data fo2-2 EtOH2 H,0: CyH,O; M = 989.25;
(850.97) Found: C 73.47 H5.65. crystal dimensions = 0.20 x 0.08 x 0.08 npw,1.165 g/cré
2,2'-[5,28-Di-tert-butyl-17,40-dimethyl-8,31-bis(methoxy- 'S&p?i%gulzig)qs - 1;&3888'5(33)2 - 25%(8(()38)(;: giolozz(i)
carbonyl-[2](1,3)benzeno(2](1,4) benzeno[1](1,4)benze- 4 549 mmL number of reflections 8227 (measured), 7872
no[2](1,3)benzeno[2](1,4)benzeno[1](1,4)benzenophane-ngenendend), 880 (observed)(B)]; refined parameters
17,40-diyl]-diacetic acid4) 650:R = 0.1028WR = 0.2647.

Torent fom the general procecure, extraction wih chioroformC'YSt2l 022 083 EIOH: Gyhe,O15 M = 971.15; crysta
9 P ' (gimensions =0.25 x 0.35 x 0.40 mp: 1.182 g/créy space

is not applicable. Instead of this, the crude acid was filtere rOUDPL: a = _ _ iy —
. T pPI; a=11.466(2)b = 15.875(2)c = 16.028(2) Aa =
off and washed thoroughly with cold water. RecrystalI|zat|on73_l4(1),[3 = 86.60(1)y = 77.77(1)°V = 2727 é; z=2

from ethanol yielded 1.27 g (86.2%)s a colourless solid, F(000) = 10361 = 0.640 mm:; number of reflections 8554

m.p. 249-252 °C. — IR (KBr)vicmm1 = 2964, 1707, 1609, .
Y . Iy (measured), 8083 (independent), 5658 (observex)[3re-
1509, 1242, 883, 832. 1H NMR (200 MHz; DMSO-g): fined parameters 59& = 0.1098WR = 0.1430.

dppm = 1.30 (s, 18H), 1.81 (s, 6H), 3.08 (s, 4H), 5.10 (s,
8H), 6.74 (d, 8H,J) = 8.8 Hz), 7.10 (d, 8H] = 8.8 Hz), 7.52  Supplementary materidlists of the structure factors, atom-
(s, 4H). -13C NMR (50 MHz, DMSO-g): d/ppm = 26.52, ic coordinates and thermal components for non-hydrogen
30.92, 34.52, 42.96, 45.16, 68.62, 113.91, 125.81, 127.3&toms and hydrogen atom parameters are available from E.
132.09, 134.71, 141.14, 151.65, 156.51, 169.13, 172.45. W. on request.

CggHgO, Calcd.: 948.41 Found: 948.3 (MS, FAB).

CigHgO;, - 3 H,O: Caled.: C69.45 H6.63

(1003.15) Found: C 69.66 H 6.47. References
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