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Abstract

Condensation of 5,5,10,10-tetramethyl-16-oxa-tripyrromethane and 2,5-bigflroxy- , -
dimethyl)methylJfuran or 2,5-bis[(-hydroxy- , -dimethyl)methylJthiophene resulted in cyclic, alternating
oligomers of furan(thiophene) and pyrrole. The product distribution is independent of the reaction conditions, the
presence of inorganic additives and temperature. © 2000 Elsevier Science Ltd. All rights reserved.
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Recently,meseoctaalkylporphyrinogens (so called calix[4]pyrroles) have been documented as the
molecular recognition hosts of anionic guestsnion binding chemistry is an underdeveloped area but an
important part of supramolecular chemistry especially in the field of fluorescence sensors, ion-selective
electrodes and medicinal applicatiocnAmong various anion binding receptors, calix[4]pyrroles have
been studied extensively due to their easy availafilitie synthesis and properties of furan or pyrrole-
containing macrocycles has been known for many years. Since octamethylquaterene was synthesized
in 19583 many higher oligomeric furans have been reported and solid-state structures have been
elucidated. Most of the known oligomeric units have direet connection regardless of their order
of arrangement.Polymers of furan, pyrrole and thiophene have also been investigated for their poten-
tial applications to new material since they possess interesting electrical, optical and electrochemical
properties. The synthesis of oligo-macrocycles containing furan, pyrrole or thiophene witles®
linking carbon unit has also been reporfetine calix[4]pyrroles have also been exploited in their tetra-
anionic form as strong binder of late transition métasdtrans-N,O»-porphyrinogen has been studied
for the coordination of unsaturated metal idn&ss a part of our effort on the synthesis of calikjyrroles
hybridized with furans and thiophenes, we here report the synthesis and characterization of furan-pyrrole
or thiophene-pyrrole alternating cyclic oligomers. To the best of our knowledge, the synthesis of furan-
pyrrole hybrid cyclic oligomers connected with methylene bridge have not been well reported in the
literature. The effects of the inorganic additives on the product composition and conditions for the selec-
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tive formation of higher cyclicoligomers were investigated. Our synthetic route involves the synthesis of
2,5-bis[( -pyrryl- , -dimethyl)methyl]furan or 2,5-bis[(-pyrryl- , -dimethyl)methyl]thiophene via
acid-catalyzed condensation of 2,5-bis{lydroxy- , -dimethyl)methyl]furan in the presence of ex-

cess pyrrole. The 3+1 condensation of these two afforded the macrocycles bearing alternating furan
(thiophene) and pyrrole.

Bis- , ’-alkylhydroxylation of furanl or thiophene2 were carried out as shown in Scheme 1.
Treatment of furan or thiophene withbutyllithium (2 equiv.) followed by adding acetone afforded the
corresponding diols in reasonable yiefdBased on the reactions previously employed for the formation
of dipyrromethane$ the diols3 or 4 were treated with excess pyrrole in the presence of BEbL (1
mol equiv.) to afford oxa- or thia-tripyrromethaber 6 in good yields.

. R
i/ \\ 1. BuLi R 7\ R R Pyrrole
X 2.RCOR HO X BF,

Scheme 1.

Since low scrambling conditions have been established for the ‘2+2’ condensation of dipyrromethane
and dipyrromethane-didP we applied those conditions in the condensations. As shown in Scheme 2,
treatment o5 or 6 with diol 3 or 4 in acetonitrile (10 mM, 0°C) in the presence of BBEL (1 mM)
afforded cyclictetramerg or 8, respectively, in 40-60% yields as the major products. The less polar
component® and 10 were also isolated in 10—20%. The trace amount of cyclic hexamer was isolated
when furan containing were condensed with dio&indicating the slow cleavage of pyrryl group during
the condensation.

+3or4
50r6 ——F--—» +

CH,CN -
BF3, 0°C
7. (X=Y=0) 9. (X=Y=0) 11. (X=Y=0)
13_ (xfy=s)_, 43% , 10. (X=Y=S),14% 12. (x_=Y=s_), 4%o
. (X=0, Y=S), 39% 14. (X=0, Y=S), 1% 15. (X=0, Y=8),2%
Scheme 2.

The separation of each component was possible by repeated column chromatography on silica. Initial
column eluted with hexanes/methylene chloride (1/1) gave clear separation of the three components from
the rest of the polar material. Then the mixture was eluted with chloroform to separate the most polar
compound’. The other two compounds were separated by eluting hexanes/methylene chloride (1/1).

Condensation of thiophene containitg(X=S, R=CH;) with diol 4 afforded cyclic tetramer in
45% vyield and 14% of cyclic octamer. No cyclichexamer was isolated in this case but N-confused
cyclictetramer was isolated in 4% instead. Condensatianedediphenyl analogue 08 (X=S, R=Ph)
with dipenyl analogue of dioft (X=S, R=Ph) gave only cyclictetramer in 30% vyield. Small amounts
of other components were observed on TLC but further isolation was not attempted due to their
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limited solubility in organic solvent. The thiophene containing cyclicoligon&rs0and12 were also
synthesized similarly. The condensation carried out under standard conditio@ @8%),10 (4%) and
12 (14%). The condensation &f(X=0, R=CH) with diol 4 (X=S, R=CH) also gave similar results.
Cyclictetramerl3 was the major product (39%). Cyclicoctaniet(11%) and trace amount of hexamer
15 (2%) were isolated. Mass spectral analysis of compdLhihdicates that there are two oxygens in
the core indicating a slow acid-catalyzed cleavage betwessecarbon and pyrrole ib.

Attempted condensation in the presence of inorganic salts gave almost identical products distribution
and ratios with those without salts (Table 1). The overall yields were independent of the additives and
temperature. These observations correspond to the previously recognized results of no templating effect
of inorganic salts that were observed in the case of the condensation of furan with dcEtdhanalysis
showed that the reaction is basically completed within a few min of the reaction time and the vyield
remained unchanged. The condensation always gave tetramer as the major product under any attempted
conditions. The cyclichexamer was formed in small amount and cyclicoctamer was a second major at
low temperature. The ratio of tetramer/octamer is almost constant regardless of the reaction conditions.

Table 1
Dependence of yields on the condensatiorbafith 3 and the effect of added inorganic salts and
reactant concentrations at 0°C. The reaction time was 30 min

Reaction BF Added | Yield (%)
conc. 3 | Salts 7119
None |30| 1 |9

1 [NH/C1|29] 1 |11

100mM 1M Nact [31] 2 11
LiCl 2112 | 8

None (43| 4 |14

10 mM 1 |[NH,CI|42] 3 |15
mM | NaCl [44| 3 |11

LiCl 441 5 | 8

| None |56]| 5 |17

1 mM M NH,Cl |54} 4 |18
NaCl |[55| 3 |17

Change of reactant concentration (1 mM to 100 mM) also did not affect the yield and the product
distribution. Higher reactant concentration (100 mM) gave much lower yields of the three oligomers
(Table 1). Cyclic hexamer could be obtained up to 16% yield by direct condensation of pyrrole and
diol 3 or 4. As shown in Table 2, direct condensation of dibr 4 with pyrrole gave mixture of
cyclic oligomers consisting of lower yields of both cyclicoctamer and cyclictetramer but higher yields of
cyclic hexamer compared with those of the ‘3+1’ condensation shown in Scheme 2. Table 2 also shows
product distribution at different temperatures. The overall yields of the three oligomers decrease with
decreasing temperature. Obviously, it is advantageous to use the ‘3+1’ approach to obtain a larger fraction
of cyclicoctamer. Increasing the amount of acid to 5 mM and elevated temperature (25°C) in ‘3+1’
condensation gave mixture of produc#l(1/9=46%/9%/11%}Y! including N-confused cyclic tetramer
(8% yield).

The full characterization of each oligomer was possible by mass spectrometry, proton NMR and carbon
NMR spectra. The product distribution was determined from'thélMR spectra of the three mixtures
obtained from the crude column chromatography. The ratio of each product was determined from the
integration of the distinctive resonances ofyrrolic or -furanyl protons in each compound. The

-pyrrolic and -furanyl signals of cyclic tetramer were shown at 5.84, 6.04 ppm respectively and
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Table 2
Dependence of yields on different combinations of reactants. The catalyst wa®Bg (1 mM).
*8% of N-confused cyclictetramer was isolated at higher acid concentration (0.5 M)

Reacta Reactio Yield (%)

nts ntemp 7 " 9
)

25% | 52 5 18
5+3 0] 43 4 14
-30 | 37 1 14
251 22 11 8
Pyrrole 0| 25 16 11
+3 -30| 12 9 5

those of cyclic hexametl appeared at 5.72 and 5.85 ppm respectively. The corresponding signals in
cyclic octamer9 were observed at 5.78 and 5.75 ppm respectively. The ratio was calculated from the
area of 6.04 ppm foi, 5.72 ppm forll and 5.78 ppm fo®. The proton NMR spectra of the three
oligomers showed that the compound is symmetrical and all the pyrrolic and furanyl protons display
similar chemical shifts regardless of their core-size. No conformational isomerization was observed at
room temperature. CompouBdilso showed its symmetric characteth NMR. The carbon spectra of

7, 11 and9 were almost identical and the distinction was only possible by mass spectral analysis. The
molecular ion peak of was shown at 430.14 (M while that of9 was observed at 860.83 ()] The

single crystals of cyclic tetramé&rwas obtained by slow diffusion of hexanes to methylene chloride at

room temperature and the X-ray analysis indicatesGhsymmetry of the compound and alternating
conformation (Fig. 1).

Fig. 1. ORTEP view of the X-ray structure @fshowing alternating configuration

The various new applications of calixpyrroles and the easy construction of modified calixpyrroles
with predesignated core-size and ligand-location will widen the scope of applicability. The hybrid
calixpyrroles might be quite useful in biological applications such as anion sensing and antiviral drug
delivery due to their amphiphilic binding characteristics. Currently, library-like construction of the
modified calixh]furano[n]pyrroles and calixfjthieno|n]pyrroles is undergoing.
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11.'H NMR (CDCl): For (7)  7.17 (bs, 2H, N-H), 6.04 (s, 4H, furan-H), 5.85-5.84 (d, 4H, pyrrole-H), 1.53 (s, 24H;):CH
13C NMR (CDCkL) 159.40, 136.50, 103.71, 101.87, 35.38, 27.35. FAB MS calcd fgH &N, O,: 430.26, found: 430.14
(M*). For 11) 7.95 (bs, 3H, N-H), 5.85 (s, 6H, furan-H), 5.73-5.72 (d, 6H, pyrrole-H), 1.50 (s, 36H:);&¥ NMR
(CDCl;) 160.29, 137.32, 104.15, 102.95, 36.52, 28.08. FAB MS calcd fgi£N3;03: 645.39, found: 645.18 (K). For
(9) 7.95 (bs, 4H, N-H), 5.78-5.77 (d, 8H, pyrrole-H), 5.75 (s, 8H, furan-H), 1.50 (s, 48H;);C¥C NMR (CDCk)
160.31, 137.21, 104.35, 103.28, 36.60, 28.17. FAB MS calcd $gti§N4O,4: 860.52, found: 860.83 (V).



