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Dipyrromethenes are fully conjugated, planar bipyrrolic units that
have attracted recent attention as ligands in supramolecular self-
assembly. N-Deprotonated dipyrromethenes act as ligands on
cationic metal centers. The resulting complexes are neutral and can
often be purified by chromatography in contrast to bipyridyl and
catechol complexes that bear the charge of the metal cation
involved? Recent reports using dipyrromethenes with appendages
containing acetylenyl, thiol, or pyridyl functionality have shown
rod-like, polymeric, hexagonal, and other crystalline frameworks
to form via self-assembl§.

Carefully designed bis(dipyrromethene)s self-assemble into
discrete complexes of helical mononuclear, dinuclear, and trinuclear Figure 1. Symmetric zinc(ll) bis(dipyrromethene) helicate.
archltectqreé’,“ depending (.m the length of the SpaF:er th_at Jo.ms Scheme 1. Synthesis of the Zinc(ll) Bis(dipyrromethene) Helicates
the two dipyrromethene units. As part of our work with chiral bis-  Bearing Homochiral Amide Substituents
(dipyrromethene) complexes, we herein report the first synthesis, o " 0
isolation, and chiroptical studies of enantiopure bis(dipyrromethene) ° Lon Fo R omar H
ligands and their stereochemically stable, double-helicate com- ROQ m E—g\‘(op CHC 2 days EK\KOJQ
plexes. N o (93%) N o (99%) N o
Methylene-, ethylene-, and propylene-linked bis(dipyrromethene)s : ‘

1) R=H
2) R=Me

5a, 5b

form, with divalent metal cations, helical complexes with a are=gl, ; :ﬁa(f:::)) ::CO:M)
structural formula kM, illustrated by the complexel@and2® in oyl Oy
Figure 1. Until now, only racemic mixtures of enantiomeric helicates & HN-\ AR O
have been formed, as identified by X-ray crystallogrdphand i R ?
confirmed by chiral lanthanide shiftt NMR spectroscop§ Neither (a: 63%, b:70% )

of these techniques enabled the stereochemical stability of the helix 2n(ORO, NaORE _~00 y o
to be determined. Thil andP helical zinc(Il) complexes formed R N e N e

from homochiral bis(dipyrromethene) ligands are related to each (a: 25%, b: 32%)
other as diastereoisomers, and therefore the complexation process #
is potentially diastereoselective. However, separation of these ®
diastereomeric helices necessitates stereochemical stability, that is,
the absence of helix sense interconversion. Stereogenic centers have
previously been used as chiral auxiliaries to induce helix formation
in a particular sense (i.e., helical diastereoselectivitpichardt

et al. have reported on a number of helical polymethine 8yesl
Lightner et al. have shown that bilirubin and other dipyrrinone
structures adopt eithévl or P helical conformations according to
the absolute stereochemistry of remote stereogenic ceérims-
larly, Mizutani et al. have shown that zinc(ll) bilinones may be
formed diastereoselectively through the induction of helicity by the
point chirality in homochiral precursot8.Although homochiral

7a,7b

8a,8b

To establish the stereochemical stability of double-helical di-
nuclear bis(dipyrromethene) complexes and to examine the potential
for diastereoselective helicate formation, we have synthesized bis-
(dipyrromethene) ligands that contain chiral amide substituents at
the two termini of the linear tetrapyrrolic molecules (Scheme 1).
Benzyl 3,5-dimethyl-4-propionic acid-pyrrole-2-carboxylatgwas
prepared by the hydrolysis of benzyl 4-¢ethoxycarbonylethyl)-
3,5-dimethylpyrrole-2-carboxylate8)*? using lithium hydroxide.
The incorporation of the chiral substituent into the ligand was
dipyrromethene ligands have been used to form optically active 2chieved by coupling a homochiral amine (1-phenylethylamine)

fluorescent boron dipyrromethene (BODIPY) dyéshere are no  With 4 using O-benzotriazol-1-yN,N,N',N"-tetramethyluronium
reports of such homochiral ligands being used in the formation of N€xafluorophosphate (HBTU). The chiral amide-substituted pyrrole
(5) was then coupled to 2,2,4-tetramethyl-5,5diformyl-3,3-

helical complexes. To the best of our knowledge, homochiral bis- ‘> ] ]
(dipyrromethene) ligands and/or the corresponding complexes havediPyrromethane )1 to form the hydrobromide salt of the bis-
not previously been reported. (dlpyrrome_thene)7(aqn(_]l?b). The z!nc(ll) compl_exeg&aandSb)
were obtained by stirring a solution of the bis(dipyrromethene)
* Dathousie University. ligands with zinc acetate and sodium acetate, followed by extraction
* Nagoya University. and routine workup and full characterization.
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Figure 3. (a) UV—vis trace for the chiral HPLC analysis 8&. (b) CD
spectra for the two isomers (A and B) resolved by chiral HPLC.

Circular dichroism (CD) spectra were recorded for sampkes

concentrations used in the CD studies (HPLC fractions) and the
fact that unresolved mixtures were used to measure the required
molar absorptivities.

These results represent the first diastereoselective dipyrromethene
complexation reactions. Additionally, we have shown that double-
helicate dinuclear bis(dipyrromethene) complexes are stereochemi-
cally stable. This indicates that stereochemical inversion around
the zinc center is not taking place. Having shown that diastereo-
selective bis(dipyrromethene) complexes reactions are feasible and
that theM andP helices of the complexes are isolable, our current
work is being directed toward improving the diastereoselectivity
of dipyrromethene complexation reactions by expanding the
repertoire of homochiral dipyrromethene ligands for double-helicate
dinuclear bis(dipyrromethene) complexes.
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ellipticity in the unresolved samples suggested that the reactions
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as anticipated. HowevetH and 13C NMR spectroscopic studies
indicated an approximate 1:1 mixture of diastereomeric helicates
in each case. The CD is directly related to the molar absorptivity
of the complexes, and this was measured to be in the orderfof 10
L mol~*dm~1. Consequently, a small diastereomeric excess of one
helicate over the other would manifest itself as a relatively large
CD activity.

Chiral HPLC analysi of 8a and8b showed two major peaks
at 534 nm (Figure 3a) that displayed opposite circular dichroisms
both using an internal HPLC-CD detector operating at 220 nm and
then following isolation of the two major peaks and full CD analysis
(Figure 3b). Isomer A shows a positive Cotton effect at 470 nm
and a negative Cotton effect at 520 nm (with exciton coupling),
leading to its tentative assignment as Méelix and isomer B as
the P helix.1

To eliminate the possibility that the CD activity was a result of
inducedexciton coupling* between the phenyl ring of the homo-
chiral amide substituent and the dipyrromethene units, an achiral
bis(dipyrromethene) ligand was complexed to form the per-alkyl
bis(dipyrromethene) zinc(Il) compleX (Figure 1). Chiral HPLC
analysis of2 again resolved two major peaks with opposing CD
couplets. In the absence of other chromophore the observed
chiroptical properties of the compounds must arise from the
stereochemically stable helical, and thus chiral, dipyrromethene units
within the complex. Using the molar ellipticities of the two chiral
HPLC-resolved zinc(ll) bis(dipyrromethene) helices A and B, the
total molar ellipticity of the unresolved mixture, and the molar
absorptivities of the unresolved mixtures, we calculated diastereo-
meric excesses for each of the mixtuBzsand8b. The calculated
diastereomeric excesses were low: 8%8arand 2% for8b. As
enantiomeric homochiral ligand& and 7b were used to prepare
the mixtures8a and8b, respectively, the diastereomeric excesses

should be equal for the two samples. The observed discrepancy
between these two values is presumably a consequence of the low

Supporting Information Available: Procedures for the preparation
of 4—8. This material is available free of charge via the Internet at
http://pubs.acs.org.

References

(1) (a) Thompson, A.; Dolphin, Dl. Org. Chem200Q 65, 7870-7877. (b)
Zhang, Y.; Ma, J. SOrg. Prep. Proced. Int2001, 33, 81—-86. (c) Cohen,
S. M.; Halper, S. RInorg. Chim. Acta2002 341, 12—16.

(2) Lehn, J.-M.Supramolecular Chemistr\)/CH Verlagsgesellschaft: New
York, 1995.

(3) (a) Do, L.; Halper, S. R.; Cohen, S. Nthem. Commur2004 2662~
2663. (b) Halper, S. R.; Cohen, S. @hem=—Eur. J. 2003 9, 4661~
4669. (c) Halper, S. R.; Cohen, S. Mngew. Chem., Int. E2004 43,
2385-2388. (d) Halper, S. R.; Malachowski, M. R.; Delaney, H. M;
Cohen, S. M.Inorg. Chem.2004 43, 1242-1249. (e) Sutton, J. M,;
Rogerson, E.; Wilson, C. J.; Sparke, A. E.; Archibald, S. J.; Boyle, R. W.
Chem. Commur004 1328-1329.

(4) (a) Thompson, A.; Rettig, S. J.; Dolphin, Dhem. Commuri999 631—
632. Zhang, Y.; Thompson, A.; Rettig, S. J.; Dolphin, DAm. Chem.
S0c.1998 120 13537-13538. (b) Dolphin, D.; Harris, R. L. N.; Huppatz,
J. L.; Johnson, A. W.; Kay, I. T.; Leng, J. Chem. Soc. @966 98—
106. (c) Dolphin, D.; Harris, R. L. N.; Huppatz, J. L.; Johnson, A. W.;
Kay, I. T. J. Chem. Soc. @966 30—40. (d) Sheldrick, W. S.; Engel, J.
Chem. Commurl98Q 5—6. (e) Struckmeier, G.; Thewalt, U.; Fuhrhop,
J.-H.J. Am. Chem. S0d.976 98, 278-279.

(5) Zhang, Y.; Wang, Z.; Yan, C.; Li, G.; Ma, Jetrahedron Lett200Q 41,
77177721,

(6) Thompson, A.; Dolphin, DOrg. Lett.200Q 2, 1315-1318.

(7) Tang, K.; Green, M. M.; Cheon, K. S.; Selinger, J. V.; Garetz, BJA.
Am. Chem. So2003 125 7313-7323.

(8) Reichardt, CJ. Phys. Org. Cheml995 8, 761-773.

(9) (a) Boiadjiev, S. E.; Lightner, D. ATetrahedron: Asymmetr3004 15,
3301-3305. (b) Boiadjiev, S. E.; Lightner, D. Aletrahedron: Asymmetry
1999 10, 2535-2550.

(10) Mizutani, T.; Yagi, S.; Morinaga, T.; Nomura, T.; Takagishi, T.; Kitagawa,
S.; Ogoshi, HJ. Am. Chem. S0d.999 121, 754-759.

(11) (a) Gossauer, A.; Nydegger, F.; Kiss, T.; Sleziak, R.; Stoeckli-Evans, H.
J. Am. Chem. So2004 126, 1772-1780. (b) Beer, G.; Rurack, K.; Daub,
J.Chem. CommurR001, 1138-11309.

(12) Johnson, A. W.; Markham, E.; Price, R.; Shaw, KJBChem. Soc1958
4254-4257.

(13) MeOH; 1 mL/min; CHIRALCEL OD.

(14) (a) Hatano, MInduced Circular Dichroism in Biopolymer-dye Systems
Springer-Verlag: Berlin, 1986. (b) Harada, N.; Nakanishi,&ccular
Dichroic SpectroscopyUniversity Science Books: New York, 1983.

JA0500613

J. AM. CHEM. SOC. = VOL. 127, NO. 16, 2005 5741



