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Abstract

A novel ligand comprising two dipyrrin units linked by a CH, spacer at the 3-position has been
synthesized and used to prepare a double-stranded helical assembly. Its structure was confirmed by X-ray
analysis. A new approach to 3,3'-linked dipyrromethanes with CH, as the spacer is also reported. © 2000
Elsevier Science Ltd. All rights reserved.
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The use of metal ions and ligands in supramolecular assemblies has been extensively studied
in recent years. Among many ligands designed by chemists, the polybipyridine ligands developed
by Lehn and his colleagues are particularly interesting with respect to their ability to generate
helicates,' grids,? cages,’® ladders,* and rings.’ In contrast to bipyridine, dipyrrins 1 were recently
found to be ideal building blocks for supramolecular assemblies.®” Dipyrrins 1, formerly called
dipyrromethenes are important building blocks for porphyrins, bile pigments and linear
polypyrroles.®® In dipyrrin 1, the hydrogen at the N-H group can be removed and the resulting
mono-anionic species is a resonance stabilized ligand. The complexes generated by dipyrrins 1
and metal ions are neutral species, therefore, counterions are not needed. Consequently, it is
particularly convenient to purify the complexes by column chromatography since they are not
charged and are generally the least polar component in the reaction mixtures®’ (Scheme 1).

Self-assemblies of polydipyrrins such as biladiene-ac 2,° hexapyrrins 3° and 3,3'-bidipyrrins 47
have been reported. However, the self assembly of compound 10, in which two dipyrrin units are
separated by a -CH,— bridge at the 3,3’-positions and rotation and twisting around the -CH,—
bridge are permitted, is still unknown. Herein, we wish to report a new approach to 3,3'-linked
dipyrrins spaced by a methylene group and the synthesis and self-assembly of compound 10.
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Scheme 1.

The novel tetrapyrrole ligand 10 was synthesized in four steps with an overall yield of 39%
starting from the 3-unsubstituted pyrrole 5, as shown in Scheme 2. Obviously the 3,3'-
dipyrromethane 6 was a crucial intermediate. Although its analogs, 2,2'-dipyrromethanes, have
been known for a long time,®° 3,3'-dipyrromethanes have been less explored. To the best of our
knowledge, there are only a few examples reported in the literature.'®!" Unfortunately, these do
not include detailed synthetic procedures or proper characterization. We tried to couple a
4-unsubstituted pyrrole with paraformylaldehyde under acidic conditions in different solvent
systems. It was found that the best yield of the key intermediate 3,3'-dipyrromethane 6'* was
obtained by coupling 2-ethoxycarbonyl-3,5-dimethylpyrrole 5'° with paraformaldehyde in
hydrogen chloride—glacial acetic acid at room temperature. It is worth noting that if the same
reaction was run at low temperature (below 0°C), the unsubstituted position of pyrrole 5 was
chloromethylated to yield 2-ethoxycarbonyl-4-chloromethyl-3,5-dimethylpyrrole.'* The purifica-
tion of compound 6 was particularly convenient since it precipitated out during the reaction and
could be isolated simply by suction filtration.
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Scheme 2. Reagents and conditions: (a) paraformaldehyde and HCI in HOACc at rt (83%); (b) 4.0 equiv. NaOH reflux
in 95% ethanol for 4 h, then in 1 M H,SO, (84%); (c) reflux in DMF for 30 min, benzoyl chloride at 0° for 15 min,
then aqueous sodium carbonate (77%); (d) 9 was dissolved in CF;COOH for 5 min, then 8 and HBr—HOAc were
added (73%)

Unlike 2,2'-dipyrromethane analogs,'” saponification of 6 using a large excess of sodium

hydroxide (4 mole equiv.) in aqueous ethanol under reflux for 5 h afforded the diacid product
7' in quantitative yield. The diacid 7 was converted to the corresponding diformyl intermediate
8'2 according to the standard Vilsmeier formylation procedure.'® Condensation of 8 with
3,5-dimethyl-4-ethyl-2-carboxypyrrole, generated in situ by treating the corresponding terz-butyl
ester 9'7 with trifluoroacetic acid, gave the expected tetrapyrrole 10'? in high yield. Following the
same procedures we also synthesized bis(2,4,7,9-tetramethyl-8-methoxy-carbonylethyldipyrrin-3-
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yl)methane and bis(2,4,9-trimethyl-7,8-diethyldipyrrin-3-yl)methane.'® When a solution of
Zn(OAc), and MeOH was added to a solution of 10 in CHCI; a single complex 11'? was formed
in 92% yield, and had a molecular weight of 1060.5 as confirmed by MALTI-TOF mass
spectroscopy. It was a dimeric complex with a ligand:metal ratio of 2:2. The X-ray structure'
of this zinc complex (Fig. 1) of 10 shows that it has double stranded helical geometry, resulting
from a twist around the ~CH,— bridge in 10. The distance between the two metal centers along
the axis of the helix is 7.7632 A.

Figure 1. X-ray structure of 11 (hydrogen atoms are omitted for clarity)

In summary, our work has provided an efficient route to 3,3'-linked dipyrrins, which are very
useful building blocks for helical supramolecular architectures. Further work will focus on the
syntheses and self-assembly of a non-twisted biladiene-ac, in which two dipyrrin units are fixed
in the same plane and the twist or rotation around the 3,3—CH,— is restricted.
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. Compound 2,2',4,4'-tetramethyl-5,5'-diethoxycarbonyl-3,3'-dipyrromethane 6

mp: 236-238°C; EI-MS: m/e 346; UV-Vis: A, (282.50 nm, A36,100); 'H NMR (200 MHz, CDCL,): 5 1.34 (t,
6H, CH,), 2.05 (s, 6H, CH,), 2.17 (s, 6H, CH;), 3.46 (s, 2H, CH,), 4.28 (q, 4H, CH,), 8.73 (s, 2H, NH); '*C
NMR (50 MHz, CDCl,): ¢ 10.60, 11.13, 19.03, 58.79, 115.73, 119.25, 126.16, 130.47, 160.95. Anal. calcd for
CoH,N,O,: C, 65.87; H, 7.56; N, 8.09. Found: C, 65.88; H, 7.38; N, 7.85.

Compound 2,2',4,4'-tetramethyl-5,5-biscarboxy-3,3'-dipyrromethane 7

mp: 128-130°C; 'H NMR (200 MHz, DMSO-d,): 6 1.90 (s, 6H, 2CH), 2.10 (s, 6H, 2CH,), 3.20 (s, 2H, CH,),
10.95 (s, 4H, 2COOH, 2NH); '3*C NMR (50 MHz, DMSO-d): 6 11.20, 11.34, 19.50, 121.33, 127.67, 130.32,
136.43, 161.55.

Compound 2,2".4,4'-tetramethyl-5,5-diformyl-3,3'-dipyrromethane 8

mp: >300°C; EI-MS: m/e 258; UV-Vis: 4., (DMSO) 314.10 nm (A29,600); '"H NMR (200 MHz, DMSO-dy): ¢
2.04 (s, 6H, CH;), 2.09 (s, 6H, CH,), 3.39 (s, 2H, CH,), 9.40 (s, 2H, CHO), 11.43 (s, 2H, NH). '*C NMR (50
MHz, DMSO-dy): 6 8.91, 11.34, 18.42, 119.92, 127.54, 130.70, 135.17, 175.83. Anal. calcd for C,;oH,cN,O,4: C,
69.74; H, 7.02; N, 10.84. Found: C, 69.63; H, 7.04; N, 10.71.

Compound bis(2,4,7,9-tetramethyl-8-ethyldipyrrin-3-yl)methane 10

mp: >230°C (dec.); FAB-MS: M+1 469; UV-Vis: 4., (CH,Cl,) 504.4 nm (A316,900); 461.2 nm (A98,400); 'H
NMR (200 MHz, CDCl,): ¢ 1.08 (t, 6H, CHs), 2.15 (s, 6H, CH,), 2.28 (s, 6H, CH;), 2.44 (q, 4H, CH,), 2.57 (s,
6H, CH,), 2.68 (s, 6H, CH;), 3.57 (s, 2H, CH,), 7.04 (s, 2H, -CH=), 13.07 (s, 1H, NH), 13.16 (s, 1H, NH). *C
NMR (50 Hz, CDCl;): ¢ 9.99, 10.36, 12.90, 14.30, 17.16, 19.47, 118.82, 124.32, 125.43, 126.76, 131.34, 140.84,
142.34, 151.89, 155.97. Anal. calcd for C5;H,,Br,N,: C, 59.05; H, 6.71; N, 8.89. Found: C, 58.83; H, 6.68; N,
8.87.

Zinc complex 11

mp: >230°C (dec.); MALDI-TOF-MS:1060; UV-Vis: /... (CH,Cl,) 526.8 nm (A326,700); 477.8 nm (A130,000);
"H NMR (200 MHz, CDCls): 6 1.01 (t, 12H, CH,), 1.38 (s, 12H, CH3), 1.99 (t, 12H, CHj), 2.19 (s, 12H, CHj;),
2.20 (s, 12H, CH,), 2.34 (q, 8H, CH,), 3.40 (s, 4H, CH,), 5.87 (s, 4H, CH), 7.25 (s, 4H, CH). '3*C NMR (50 MHz,
CDCl,): ¢ 9.86, 14.90, 15.10, 17.97, 20.47, 120.28, 125.55, 129.19, 135.06, 135.26, 136.01, 136.31, 155.79, 157.16.
Anal. caled for Co,H;(NgZn, H,O: C, 68.82; H, 7.27; N, 10.36. Found: C, 68.86; H, 7.21; N, 10.30.

X-ray crystal data of 11

Ce,H7¢NgZn,-2H,0: M=1100.08, monoclinic, space group P2,/c (No. 14), a=11.3915(9), b=2.5671(10), c=
42.419(3) A, f=95.698(3)°, V=6042.7(8) A3, Z=4, D_y.a=1.209 g/cm?, F(000)=2336, 1=0.841 mm™, crystal
size 0.24x0.14x0.07 mm NONIUS Kappa CCD diffractometer, 7=293(2) K, graphite-monochromated Mo Ko
radiation, 1=0.71073 A, 0 max =25.35°, 46 819 reflections measured, 10 725 unique with R;, =0.122. The final
unit cell parameters were obtained by least-squares using 46 819 reflections with 20=3.54-50.7°. Data were
corrected for Lp factors and absorbtion with transmission factors of 0.888-0.954. The structure was solved by
direct methods. Non-H atoms were refined anisotropically and H atoms were added by calculated positions. The
refinement converged at R;=0.077 for 5827 observations with />2¢(I). Calculations were performed using
SHELX-97 (Sheldrick, 1997).
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