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Department of Chemistry, Usgrsity of British Columbia th_rough self-assembly. A mixture of zinc:octaethyl formylbiliver-
2036 Main Mall, Vancoter, B.C., Canada, V6T 1Z1 dm(?tt?l Compltefes 1:1 and 2:2t V(;/abs rﬁpoge;i( by Fuﬁﬁhept Hal- A
. and the crystals were separated by hand. X-ray crystallography
Receied October 5, 1998 ghoed that the 2:2 complex exists as a helix. Similarly, the helical
The preparation of supramolecular architectures is currently a X-ray structure of the zinc complex of 1,2,3,7,8,12,13,17,18,19-
subject of considerable interest as an approach to materials withdecamethyl-biladiene-a,c has been repotted.1965 one of u$
novel physicochemical properti€©ne aspect of this field is the  suggested that a 2:2 (ligar&iCd') complex existed in a helical
self-assembly of coordination complexes from suitable ligands conformatiof*and a year later that the 2:2 (ligaBtCu') complex
and metal iong. To this end, a variety of three-dimensional had a similar structur®.
inorganic arrays such as helicafegtids;' cages, ladders’ and To reinvestigate and explore the use of dipyrromethenes in self-
rings’ have been prepared from polybipyridine ligands and assembly processes and investigate the impact of spacer between
transition metal ions. Additionally, several multiporphyrin struc- - dipyrromethene units, we reacted the hydrobromide <l
tures have been reported, including those resulting from self- and6 with Zn(OAc), or Co(OAc) in CHCl/MeOH (Scheme 13¢
assembly with metatligand binding and hydrogen bondiny.  Dimers7, 8, and9 were obtained after chromatography. El mass
As part of our ongoing research in the fields of porphyrin and spectroscopy gave the molecular masses for these complexes to
pyrrole chemistry, we are investigating the use of dipyrromethenes pe 1035, 1162, and 1078, respectively, which corresponds, in each
as ligands in supramolecular coordination chemistry. We herein case, to a metal:ligand ratio of 2:2.
report novel helicate and trimeric structures, obtained by the self-  the X-ray structure (Figure 1) of cobalt compl@shows that
assembly of appropriately designed ligands and transition metals.thjs compound has double-stranded helical geometry, resulting
Several supramolecular architectures formed by multicom- from a major twist around the linking methylene bridge in the
ponent self-assembly with polybipyridine ligands have been pjjadiene strandy’ This twist effectively divides the ligand into
reported®”” Due to the nature of the ligands (neutral), these o dipyrromethene subunits, each bonded to a differeftigto
complexes are charged species. Therefore, to isolate and charas g result, each Clecenter and its two dipyrromethene segments
acterize the architectures, counterions must be used to generatgoriginating from different ligands) have an almost tetrahedral
neutral compounds. This may result in competitive binding geometry, which is very similar to that of the cobalt complex of
between the counterion and the ligand, which is usually overcome gjmple dipyrromethené;131%although the bond angles and bond
by the use of specific noncoordinating counterions. Unfortunately, |engths indicate a small deviation from tetrahedral geoniétry.
this type of counterion often gives rise to considerable disorder gimilarly, the X-ray structure (Figure 2) showsto crystallize
in the solid state. Our efforts in this field are aimed toward the 4 5 helix, satisfying the tetrahedral coordination geometry of each
preparation of uncharged supramolecular architectures, in whichzyi center20 The parameters of these two structures are very
counterions are not required. , , , similar. However, as a result of differing spacer length, two main
Dipyrromethenes(1) are fully conjugated flat bipyrrolic  gifferences occur. The angle between the flat dipyrromethenes
moieties. As such, they are useful ligands for chelation to jn the same strand changes from°88 complex8 to 108 in
transition metald? Consequently, polydipyrromethenes, in which complex 7. Correspondingly, the distance between two metal
multiple dipyrromethenes are linked directly or by a bridge, such centers within each helix is different, being 4.33 Agand 4.89
as methylene, ethylene, etc., are potential ligands for coordination 4 i, 7. This indicates that the spacers play a key role upon the
(1) Lawrence, D. S.; Jiang, T.; Levett, Nthem. Re. 1995 95, 2229 exact parameters of these helical structures. Further investigation
2260. Lehn, J.-M.Supramolecular Chemistry Concepts and Perspesti is directed toward the identification of the structure of the

VCH: Weinheim, Germany, 1995. Philp, D.; Stoddart, JARgew. Chem. mplexes resulting from ethylene-link 2 lvdipvr-
1996 108 1242. Philp, D.; Stoddart, J. Angew. Chem., Int. Ed. Endl996 complexes resuiting from ethylene ed € 2) polydipy

35 1155-1196. romethenes.

(2) Baxter, P. N. W.Comprehensie supramolecular Chemistryerga-
mon: Oxford, 1996; Chapter 6; Fujitaid. Chapter 7. (10) Taylor, E. C.; Jones, R. A., EdByrroles John Wiley & Sons: New

(3) Hasenknopf, B.; Lehn, J.-M.; Baum, G.; Fenske PBoc. Natl. Acad. York, 1990. Bruckner, C.; Zhang, Y.; Rettig, S. J.; Dolphin,lBorg. Chim.
Sci. U.S.AL996 93, 1397-1400. Piguet, C.; Bernardinelli, G.; Hopfgartner, = Acta1997 263 279-286.

G. Chem. Re. 1997 97, 2005-2062. Funeriu, D.-P.; He, Y.-B.; Bister, H.- (11) Struckmeier, G.; Thewalt, U.; Fuhrhop, J.:HAmM. Chem. So4976
J.; Lehn, J.-M.Bull. Soc. Chim. Fr1996 133 673-678. 98, 278-279.

(4) Baxter, P. N. W.; Lehn, J.-M.; Fischer, J.; Youinou, M.Angew. (12) Sheldrick, W. S.; Engel, J. Chem. Soc., Chem. Comm@88Q 5—6.
Chem., Int. Ed. Engll994 33, 2284-2287. Weissbuch, |.; Baxter, P. N. W.; (13) Dolphin, D. H. Ph.D. Thesis; The University of Nottingham, 1965.
Cohen, S.; Cohen, H.; Kjaer, K.; Howes, P. B.; Als-Nielsen, J.; Hanan, G. S.; (14) Dolphin, D.; Harris, R. L. N.; Huppatz, J. L.; Johnson, A. W.; Kay,
Schubert, U. S.; Lehn, J.-M.; Leiserowitz, L.; Lahav, 81.Am. Chem. Soc. I. T. J. Chem. Soc. (C)966 30—40.

1998 120 4850-4860. Baxter, P. N. W.; Lehn, J.-M.; Kneisel, B. O.; Fenske, (15) Dolphin, D.; Harris, R. L. N.; Huppatz, J. L.; Johnson, A. W.; Kay,
D. J. Chem. Soc., Chem. Commua®97, 2231-2232. I. T.; Leng, J.J. Chem. Soc. (C)966 98—106.
(5) Baxter, P. N. W.; Lehn, J.-M.; De Cian, A.; FischerAhgew. Chem. (16) See Supporting Information for further details.
1993 105 92. Baxter, P.; Lehn, J.-M.; DeCian, A.; FischerAdgew. Chem., (17) Crystal data foB: green plate, triclinic, space grolp(No. 2),a =
Int. Ed. Engl 1993 32, 69—-72. Fujita, M.; Yu, S.-Y.; Kusukawa, T.; Funaki,  12.306(2) Ab= 14.666(3) Ac = 19.939(6) Aa. = 86.751(7j, B = 76.853-
H.; Ogura, K.; Yamaguchi, KAngew. Chem., Int. Ed. Endl998 37, 2082 (4, y = 66.157(23, V= 3202.6(11) & Z= 2, T = —93°C, Rigaku/ADSC
2085. CCD diffractometer, Mo K radiation ¢ = 0.71069 A), & = 50.7, R

(6) Baxter, P. N. W.; Hanan, G. S.; Lehn, J.-Nl. Chem. Soc., Chem. (onF, 3151 reflections with = 30(1)) = 0.070,R, (on F?, all 10991 unique
Commun.1996 2019-2020. reflections)= 0.150, goff?) = 1.56, 721 variables.

(7) Funeriu, D. P.; Lehn, J.-M.; Baum, G.; Fenske hem. Eurl997, 3, (18) Fergusson, J. E.; Ramsay, C.JA.Chem. Socl965 5222-5225.
99-104. Hasenknopf, B.; Lehn, J.-M.; Baum, G.; Kneisel, B. O.; Fenske, D. (19) Elder, M.; Penfold, B. RJ. Chem. Soc. (A}969 2556-2559.
Angew. Chem., Int. Ed. Endl996 35, 1838-1840. (20) Crystal data for: metallic green irregular crystal, orthorhombic, space

(8) Kumar, R. K.; Balasubramanian, S.; Goldbergnbrg. Chem.1998 groudedd(No. 70),a=14.3337(12) Ap = 26.1271(4) Ac = 28.7758(7)
37, 541-552. Stang, P. J.; Fan, J.; Olenyuk,JBChem. Soc., Chem. Commun. .,V = 10776.5(7) & z = 8, T = —93 °C, Rigaku/ADSC CCD
1997 1453-1454. diffractometer, Mo Ku radiation ¢ = 0.71069 A), Z. = 61.C°, R (on F,

(9) Kuroda, Y.; Kato, Y.; Ogoshi, Hl. Chem. Soc., Chem. Comm@@97, 2290 reflections withl = 30(l)) = 0.039, R, (on F?, all 3955 unique
469-470. reflections)= 0.071, goff?) = 1.58, 159 variables.

10.1021/ja9834982 CCC: $15.00 © 1998 American Chemical Society
Published on Web 12/30/1998



13538 J. Am. Chem. Soc., Vol. 120, No. 51, 1998 Communications to the Editor

Table 1. Selected Structural Parameters of X-ray and Simulated
Structures of Complexes and8

complex7 complex8
X-ray  model X-ray model
bond angle (deg)
N1-Zn—N2 95.53 102.01 N%*Col-N2 98.7 103.4
N1—-Zn—N21' 106.32 108.75 NtCol-N5 108.3 110.3
distance (A)
Zn—2Zn 4890 4.766 CeCo 4331 4.465

torsion angle (deg)
N2—C9-C9—-N2' —112.3 —110.6

Figure 3. Space filling representation dfl obtained with HyperChem
(Release 5.01 for Windows).For clarity, all H atoms have been omitted.

between the actual (X-ray) and simulated parameters indicates
the usefulness of this type of modeling for these complexes.
Having successfully prepared several binuclear complexes, we
further extended our work to larger architectures, namely tri-
nuclear arrays of metals, held together by helically arranged
methylene-bridged dipyrromethenes."Ztomplex11 was pre-
pared by refluxinglO and Zn(OAc) in methanol, followed by
chromatography. El mass spectroscopy showed the product to
have a molecular mass of 1663, which corresponds to the
trinuclear bisligand complex, with a Zn:ligand ratio of 3:2.
Structural simulation as before indicates that it also exists as a

Figure 2. X-ray structure of7 (H atoms omitted for clarity). helical double-stranded structure as shown in Figure 3.
Having shown that helical structures may be obtained by
Scheme 1 complexation of ligands comprised of two dipyrromethene units
R' RIR? R'R* RPRZ R’ [ R' RZR? R'R* ROR? R! linked at thea-position, we extended this work to include those
_ 5 on _ _ . . e . X
BVeWNAYS Wn&ﬁ[ BV dlrectly_ Ilnk_ed at thes-position. To our surprise, these_ ligands
G B NTIONTYRNTTONT T o, gave trimeric metal complexes with a ligand:metal ratio of 3:3.
@) =1 R1—R2—2R?iCH R4=CH,CH Future work aims to identify the structure of these trimers and
(3) 1=0 R'=CO,CH,CHy, RE=RI=CHy, R=H assess the crucial factors affecting helical vs trimer construction.
o= 2:=2§=2}=g:s§=§gzgzs (7)n=0, M=2n', RI=R?=R*=CHy, R=CH,CH, In summary this communication reports the synthesis of novel
n=1, R =R=R =UhUHs, R7=Lhg 8) n=1, M=Co", R'=R"=R"=CH,CH,, R*=CH. i i i 1 I
()12, R =RoRO=CH., R, CH, :si o2 MoCel RIRaRP-GH., ROCH,H, helical and trimeric complexes, serving as an entry point for the

use of dipyrromethenes in self-assembly and supramolecular
Scheme 2 chemistry. The metal complexes are uncharged, thus making their
isolation facile, via chromatography if necessary, without the need

. for counterions. Actual geometric data obtained from a crystal
BVSYS I\ structure have been compared to data obtained from molecular
Atz N A ﬁ/ N Atz

R R NN modeling, and the results are extremely similar, thus validating
(10) this type of modeling for these compounds. Current work is

Zn(0AC), aiming to further our understanding of self-assembly processes
MeOH with dipyrromethene ligands, for the construction of novel grids,

ladders, and supramolecular helicates.
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