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A new synthetic strategy for the construction of boron-based macrocycles and dendrimers is described.
Condensation of aryl- and alkylboronic acids with 3,4-dihydroxypyridine is shown to give pentameric
macrocycles in which five boronate esters are connected by datin®nds. Three macrocycles have

been characterized crystallographically. The boron atoms of these assemblies represent chiral centers,
and the assembly process is highly diastereoselective. Attachment of amino or aldehyde groups in the
meta position of the arylboronic acid building blocks does not interfere with macrocyclization. This
allows performing multicomponent assembly reactions between functionalized boronic acids, dihydroxy-
pyridine ligands, and amines or aldehydes, respectively. Reaction of 3,5-diformylphenylboronic acid,
3,4-dihydroxypyridine, and a primary amine-RIH, (R = Ph, Bn) gives dendritic nanostructures having

a pentameric macrocyclic core and 10 amine-derived R groups in their periphery. Combination of 3,5-
diformylphenylboronic acid with 2,3-dihydroxypyridine and the dendron 3,5-(benzyloxy)benzylamine,
on the other hand, results in formation of a dendrimer with a tetrameric macrocyclic core and eight

dendrons in its periphery.

Introduction

The success of transition-metal-based self-
is largely due to the favorable characteristics of meligland

just to name a few. Similar to transition metals, boron
compounds may undergo fast exchange reactions, although the

assembly reactiong,ong energies are typically high. It is thus not surprising that

boron compounds are increasingly being investigated in the

interactions: they can be directional and strong yet kinetically ~qntext of supramolecular chemistnConsiderable effort has

labile. As a result it is possible to form highly stable aggregates peen devoted toward the development of boronic-acid-based
under thermodynamic control. Beautiful recent examples include receptors and sensdrélere, reversible formation of boronates

a Zn-based Borromean rifga Ru/Fe-based Sierpinski gasRet,
Pd-based nanocapsufeand a Ln-based tetrametallic helicate,

(1) Chichak, K. S.; Cantrill, S. J.; Pease, A. R.; Chiu, S.-H.; Cave, G.

W. V.; Atwood, J. L.; Stoddart, J. FScience2004 304, 1308-1312.
(2) Newkome, G. R.; Wang, P.; Moorefield, C. N.; Cho, T. J.; Mohapatra,

P. P.; Li, S.; Hwang, S.-H.; Lukoyanova, O.; Echegoyen, L.; Palagallo, J.

A.; lancu, V.; Hla, S.-W.Science2006 312 1782-1785.

(3) (a) Sato, S.; Lida, J.; Suzuki, K.; Kawano, M.; Ozeki, T.; Fujita, M.
Science2006 313 1273-1276. (b) Tominaga, M.; Suzuki, K.; Murase,
T.; Fujita, M. J. Am. Chem. So@005 127, 11950-11951. (c) Tominaga,
M.; Suzuki, K.; Kawano, M.; Kusukawa, T.; Ozeki, T.; Sakamoto, S.;
Yamaguchi, K.; Fujita, MAngew. Chem., Int. ER004 43, 5621-5625.
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(5) For selected recent reviews, see: (a) CroninAihgew. Chem., Int.
Ed. 2006 45, 3576-3578. (b) Amijs, C. H. M.; van Klink, G. P. M.; van
Koten, G.Dalton Trans.2006 308-327. (c) Severin, KChem. Commun.
2006 3859-3867. (d) Fujita, M.; Tominaga, M.; Hori, A.; Therrien, B.
Acc. Chem. Re2005 38, 369-378. (e) Gianneschi, N. C.; Masar, M. S.,
III; Mirkin, C. A. Acc. Chem. Re®005 38, 825-837. (f) Albrecht, M.;
Stortz, P.Chem. Soc. Re 2005 34, 496-506. (g) Fiedler, D.; Leung, D.
H.; Bergman, R. G.; Raymond, K. Mcc. Chem. Re2005 38, 349-358.
(h) Wiurthner, F.; You, C.-C.; Saha-Mer, C. R.Chem. Soc. Re 2004
33, 133-146. (i) Ruben, M.; Rojo, J.Romero-Salguero, F. J.; Uppadine,
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relatively rarely used as a synthetic strategy, at least when

formation of a single structurally defined product is the main

objective'4 Several examples have been reported in the field
of supramolecular coordination chemistry: metal complexes
have been reacted simultaneously with two or more different
ligand$® or vice versd® and imine formation has been
employed in parallel to metaligand interactiond’ In the
burgeoning field of self-assembled dendrim&rdowever,
multicomponent self-assembly is largely unexplotef.

Results and Discussion

In a recent communication we reported that boronic acids
react with 2,3-dihydroxypyridine ligands to give tetranuclear
macrocycles$P These first results prompted us to study reactions

is used for molecular recognition of compounds with two or

(13) In some publications, the term “multicomponent self-assembly” is
used to describe the assembly of several but not necessarily different

more hydroxyl groups such as carbohydrates. Boron compoundsmolecular building blocks.

have also been used as a structure-directing element, for
example, for the synthesis of discrete macrocyéleslicates,
nanotube3? dynamic polymerd! and porous covalent organic
frameworkst? Despite this achievement, it is fair to state that
the supramolecular chemistry of boron is largely underdeveloped
in comparison with supramolecular coordination chemistry.

In the following we show that condensation reactions
involving boronic acids can be used to assemble dendritic
nanostructures in a single step. The key point of our strategy is
the parallel utilization of three different reersible reactions
condensation of boronic acids with aromatic diols (Scheme 1a),
condensation of aldehydes with primary amines (Scheme 1b),
and addition of N-donor ligands to boronate esters (Scheme 1c).
As a result, the process is highly modular. The final structure
is obtained by assembly of three chemically distinct compounds,
which implies significant structural flexibility.

This type of multicomponent self-assembly, defined here as
the assembly of three or mouifferent building blocks!? is

(6) (a) Barba, V.; Santillan, R.; FariaN. In Recent Research Trends
in Organometallic ChemistrySharma, P., Ed.; Research Signpost: Trivan-
drum, 2005; pp +15. (b) Hofl, H. Struct. Bonding2002 103 1-56.

(7) a) James, T. D. IrBoronic Acids: Preparation, Applications in
Organic Synthesis and Medicinidall, D. G., Ed.; Wiley-VCH: Weinheim,
2005; pp 441-480. (b) James, T. D.; Shinkai, $op. Curr. Chem2002
218 159-200. (c) James, T. D.; Sandanayake, K. R. A. S.; Shinkai, S.
Angew. Chem., Int. Ed. Engl996 35, 1910-1922.

(8) For selected references, see: (a) Barba, V.; Villamil, R.; Luna, R.;
Gogoy-Alcantar, C.; Hpfl, H.; Beltran, H. |.; Zamudio-Rivera, L. S;
Santillan, R.; Farfa, N. Inorg. Chem2006 45, 2553-2561. (b) Christinat,
N.; Scopelliti, R.; Severin, KChem. Commun2004 1158-1159. (c)
Barnea, E.; Andrea, T.; Kapon, M.; Eisen, M.J5.Am. Chem. So2004
126, 5066-5067. (d) Sachez, M.; Hpfl, H.; Ochoa, M. E.; Farfa, N.;
Santillan, R.; Rojas-Lima, SChem. Eur. J2002 8, 612-621. (e) Ding,

L.; Ma, K.; Durner, G.; Bolte, M.; de Biani, F. F.; Zanello, P.; Wagner, M.
J. Chem. Soc., Dalton Tran8002 1566-1573. (f) Dinnebier, R. E.; Ding,

L.; Ma, K.; Neumann, M. A.; Tanpipat, N.; Leusen, F. J. J.; Stephens, P.
W.; Wagner, M.Organometallics2001, 20, 5642-5647. (g) Barba, V.;
Gallegos, E.; Santillan, R.; FarfaN. J. Organomet. Chen2001, 622,
259-264. (h) Farfa, N.; Hopfl, H.; Barba, V.; Ochoa, M. E.; Santillan,
R.; Gamez, E.; Gutierez, A.J. Organomet. Chenl999 581, 70-81.

(9) Katagiri, H.; Miyagawa, T.; Furusho, Y.; Yashima,&nhgew. Chem.,
Int. Ed. 2006 45, 1741-1744.

(10) Abrahams, B. F.; Price, D. J.; Robson,Agew. Chem., Int. Ed.
2006 45, 806—-810.

(11) Niu, W.; O’'Sullivan, C.; Rambo, B. M.; Smith, M. D.; Lavigne, J.
J. Chem. CommurR005 4342-4344.

(12) (a) Tilford, R. W.; Gemmill, W. R.; zur Loye, H.-C.; Lavigne, J. J.
Chem. Mater2006 18, 5296-5301. (b) C¢g&, A. P.; Benin, A. I.; Ockwig,

N. W.; O'Keeffe, M.; Matzger, A J.; Yaghi, O. MScience2005 310,
1166-1170.

(14) Multicomponent self-assembly is the basis for investigations in the
context of dynamic combinatorial chemistry. However, here, the objective
is formation of an equilibrated mixture of compounds, see: Corbett, P. T;
Leclaire, J.; Vial, L.; West, K. R.; Wietor, J.-L.; Sanders, J. K. M.; Otto, S.
Chem. Re. 2006 106, 3652-3711.

(15) For selected examples, see: (a) Kishore, R. S. K.; Paululat, T.;
Schmittel, M.Chem. Eur. J2006 12, 8136-8149. (b) Zhang, J.; Miller,

P. W.; Nieuwenhuyzen, M.; James, S.Chem. Eur. J2006 12, 2448—
2453. (c) Yoshizawa, M.; Nagao, M.; Kumazawa, K.; Fujita, M.
Organomet. Chen2005 690, 5383-5388. (d) Schmittel, M.; Kalsani, V.;
Kishore, R. S. K.; Clien, H.; Bats, J. WJ. Am. Chem. So2005 127,
11544-11545. (e) Yoshizawa, M.; Nakagawa, J.; Kumazawa, K.; Nagao,
M.; Kawano, M.; Ozeki, T.; Fujita, MAngew. Chem., Int. EQ005 44,
1810-1813. (f) Galindo, M. A,; Galli, S.; Navarro, J. A. R.; Romero, M.
A. Dalton Trans.2004 2780-2785. (g) Schmittel, M.; Malsani, V.; Fenske,
D.; Wiegrefe, A.Chem. Commun2004 490-491. (h) Kumazawa, K;
Biradha, K.; Kusakawa, T.; Okano, T.; Fujita, Mngew. Chem., Int. Ed.
2003 42, 3909-3913. (i) Baxter, P. N. W.; Lehn, J.-M.; Kneisel, B. O;
Baum, G.; Fenske, DChem. Eur. J1999 5, 113-120. (j) Drain, C. M.;
Nifiatis, F.; Vasenko, A.; Batteas, J. Bngew. Chem., Int. EA.998 37,
2344-2347. (k) Fujita, M.; Aoyagi, M.; Ibukuro, F.; Ogura, K.; Yamaguchi,
K. J. Am. Chem. S0d.998 120, 611-612. () Baxter, P. N. W.; Sleiman,
H.; Lehn, J.-M.; Rissanen, Kingew. Chem., Int. Ed. Endl997, 36, 1294
1296. (m) Cadenas, D. J.; Gava P.; Sauvage, J.-B. Am. Chem. Soc.
1997 119 2656-2664. (n) Baxter, P. N. W.; Lehn, J.-M.; Kneisel, B. O.;
Fenske, DAngew. Chem., Int. Ed. Endl997, 36, 1978-1981. (0) Baxter,
P.; Lehn, J.-M.; DeCian, A.; Fischer,Angew. Chem., Int. Ed. Endl993
32, 69-72.

(16) For selected examples, see: (a) Grote, Z.; Scopelliti, R.; Severin,
K. Eur. J. Inorg. Chem2007, 694—700. (b) Albrecht, M.; Mirtschin, S.;
de Groot, M.; Janser, |.; Runsink, J.; Raabe, G.; Kogej, M.; Schalley, C.
A.; Frohlich, R.J. Am. Chem. So005 127, 10371-10387. (c) Floquet,

S.; Borkovec, M.; Bernardinelli, G.; Pinto, A.; Leuthold, L.-A.; Hopfgartner,
G.; Imbert, D.; Bunzli, J.-C.; Piguet, CChem. Eur. J2004 10, 1091~
1105. (d) Giannschi, N. C.; Mirkin, C. A.; Zakharov, L. N.; Rheingold, A.
L. Inorg. Chem.2002 41, 5326-5328. (e) Sun, X.; Johnson, D. W.;
Raymond, K. N.; Wong, E. Hlnorg. Chem.2001, 40, 4504-4506. (f)
Sun, X.; Johnson, D. W.; Caulder, D. L.; Raymond, K. N.; Wong, EJH.
Am. Chem. So@001, 123 2752-2763. (g) Albrecht, M.; Blau, O.; Fidich,

R. Chem. Eur. J1999 5, 48-56. (h) Sun, X.; Johnson, D. W.; Caulder,
D. L.; Powers, R. E.; Raymond, K. N.; Wong, E. Bngew. Chem., Int.
Ed.1999 38, 1303-1307. (i) Albrecht, M.; Ffdlich, R.J. Am. Chem. Soc.
1997, 119, 1656-1661. (j) Piguet, C.; Bernardinelli, G.; Williams, A. F.;
Bocquet, B.Angew. Chem., Int. EAL995 34, 582-584. (k) Piguet, C.;
Hopfgartner, G.; Bocquet, B.; Schaad, O.; Williams, A.JFAm. Chem.
Soc.1994 116 9092-9102.

(17) For selected examples, see: (a) Hutin, M.; Schalley, C. A;
Bernardinelli, G.; Nitschke, J. RChem. Eur. J2006 12, 4069-4076. (b)
Hutin, M.; Frantz, R.; Nitschke, J. Ehem. Eur. J2006 12, 4077-4082.

(c) Guiseppone, N.; Schmitt, J.-L.; Lehn, J.-Ahgew. Chem., Int. EQ004
43, 2—5. (d) Nitschke, J. R.; Schultz, D.; Bernardinelli, G.irael, D.J.
Am. Chem. So2004 126, 16538-16543. (e) Hogg, L.; Leigh, D. A.;
Lushy, P. J.; Morelli, A.; Parsons, S.; Wong, J. K. Ahgew. Chem., Int.
Ed.2004 43, 1218-1221. (f) Nitschke, J. R.; Lehn, J.-NProc. Natl. Acad.
Sci. U.S.A2003 100, 11970-11974. (g) Leigh, D. A.; Lusby, P. J.; Teat,
S. J.; Wilson, A. J.; Wong, J. K. YAngew. Chem., Int. E@001, 40, 1538~
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with the isomeric ligand 3,4-dihydroxypyridine. When the aryl
boronic acids [§-Tol)B(OH),, (p-CsHa-i-Bu)B(OH),, or (m-
CeH4F)B(OH), were reacted with 3,4-dihydroxypyridine in
benzene under reflux using a Dedbtark trap to remove water,
the condensation products-3 were formed in over 80% yield

as evidenced by NMR experiments of the crude reaction mixture
(Scheme 2). A clean reaction was likewise observed for the
aliphatic boronic aciah-BuB(OH), (4). All four products could
easily be obtained in pure form by precipitation with pentane.

The NMR spectra ofl—4 showed that highly symmetrical

structures had formed since only one set of signals was observed

for the ligands as well as for the aryl or alkyl side chains of the
boronate. In order to obtain further information we investigated
1, 3, and 4 by single-crystal X-ray analysis. Pentameric
macrocycles were observed for all compounds (Figure3)1

As expected, the ligand reacted with the boronic acid to give a
five-membered cyclic ester. Macrocyclization occurs via dative
bonds of the N atoms to the boron atoms of adjacent borofates.

With a ring size of 25 atoms, the assemblies are among the

largest discrete boron-based macrocycles described $¢ far.
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FIGURE 1. Ball-and-stick representation of the molecular structure
of 1in the crystal.

FIGURE 2. Ball-and-stick representation of the molecular structure
of 4 in the crystal. The asymmetric unit contains two independent
macrocycles, only one of which is shown. The solvent molecules (0.5
CsHs and 0.25 GH1,) are not shown for clarity.

for which S; symmetry with alternating configurations at the

Furthermore, it should be noted that pentameric macrocyclesporon atoms has been obser$édn the solid state, the two

are rare, not only in the case of bofdibut also in the case of
metal-based macrocyclés.

enantiomers of macrocyclels 3, and4 form closely packed
dimers with intercalating boronate side chains. For compound

The five boron atoms represent stereogenic centers, all of 1, this arrangement is depicted in Figure 3.

which have the same configuration. This is in contrast to the
tetrameric assemblies formed with 2,3-dihydroxypyridine ligands,

(18) (a) Smith, D. K.; Hirst, A. R.; Love, C. S.; Hardy, J. G.; Brignell,
S. V.; Huang, B.Prog. Polym. Sci2005 30, 220-293. (b) Tomalia, D.

A.; Majoros, I.J. Macromol. Sci2003 C43 411-477. (c) Gittins, P. J.;
Twyman, L. J.Supramol. Chen2003 15, 5-23. (d) Ffehet, J. M. JProc.
Natl. Acad. Sci. U.S.A2002 99, 4782-4787. (e) Zimmerman, S. C.;
Lawless, L. J.Top. Curr. Chem2001, 217, 95-120. (f) Smith, D. K.;
Diederich, F.Top. Curr. Chem200Q 210, 1833-227. (g) Emrick, T.;
Frechet, J. M. JCurr. Opin. Chem. Biol1999 4, 15-23.

(19) Hirsch et al. described the hydrogen-bond-mediated synthesis of
dendrimers by self-assembly of three different building blocks, see: Franz,
A.; Bauer, W.; Hirsch, AAngew. Chem., Int. EQ005 44, 1564-1567.

(20) There are several examples of metallodendrimers, which are
composed of several different building blocks, but they are generally
prepared in a stepwise fashion, see: Newkome, G. R.; He, E.; Moorefield,
C. N.Chem. Re. 1999 99, 1689-1746.

(21) For a detailed discussion of dative-B bonds, see: Hafl, H. J.
Organomet. Cheml999 581, 129-149.

(22) (a) Weiss, A.; Barba, V.; Pritzkow, H.; Sibert, \§.. Organomet.
Chem2003 680, 294-300. (b) Weiss, A.; Pritzkow, H.; Siebert, \Wngew.
Chem., Int. Ed200Q 39, 547—549.
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The average bond distances found for macrocyt)&s and
4 are listed in Table 1. With 1.600(16}), 1.606(12) 8), and
1.608(9) A @), the B-N bonds are shorter than what has been
observed for the 4-picoline adducts of phenylcatecholborane
(1.651(3) or 1.654(4) A) or methylcatecholborane (1.660(2) or
1.6444(19) ApR4 This points to a relatively strong BN
interaction. The B-O bonds ofl and3 vary from 1.447(13) to
1.548(9) A with the bonds to the'@tom in the 4 position being
on average slightly longer than the bonds to the O atom in the

(23) (a) Hajjaj, F.; Yoon, Z. S.; Yoon, M.-C.; Park, J.; Satake, A.; Kim,
D.; Kobuke, Y.J. Am. Chem. SoQ006 128 4612-4623. (b) Hwang,
S.-H.; Wang, P.; Moorefield, C. N.; Gaukz, L. A.; Manfquez, J.; Bustos,
E.; Newkome, G. RChem. CommurR005 4672-4674. (c) Jiang, H.; Lin,
W. J. Am. Chem. So2003 125 8084-8085. (d) Bodwin, J. J.; Cutland,
A. D.; Malkani, R. G.; Pecoraro, V. LCoord. Chem. Re 2001, 216—
217,489-512. (e) Pecoraro, V. L.; Stemmler, A. J.; Gibney, B. R.; Bodwin,
J. J.; Wang, H.; Kampf, J. W.; Barwinski, A. IRrogress in Inorganic
Chemistry Karlin, K., Ed.; Pergamon Press: New York, 1997; Vol. 45, pp
83—177. (f) Hasenknopf, B.; Lehn, J.-M.; Kneisel, B. O.; Baum, G.; Fenske,
D. Angew. Chem., Int. Ed. Endl996 35, 1838-1840.
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FIGURE 4. Part of the'H NMR spectrum of the pentamdiin CDCl;
(top) or GDg¢ (bottom). The signals of the solvent molecules are denoted
with an asterisk.

FIGURE 3. Space-filling representation of the two enantiomers of
macrocyclel in the crystal (view from the side and top). A dimer with
intercalating tolyl side chains is observed.

TABLE 1. Selected Average Bond Length for Macrocycles 1, 3, 4
and 7

B—N B-O B-O c-o co FIGURE 5. Space-filling representation of the molecular structure of
1 1.600(13) 1.509(33) 1.520(17) 1.327(13) 1.331(24) 3 and the cocrystallized benzene molecule found in its macrocyclic
3 1.606(13) 1.497(7)  1.502(15) 1.346(7)  1.341(13) cavity.
4  1.608(11) 1.510(8) 1.523(14)  1.343(14)  1.329(9) _ ) ) )
7 1579(17) 1.513(10) 1.523(10) 1.342(6) 1.314(16) This result cannot be explained by a self-sorting behavior of
the macrocycles because a mixture of compounds was obtained
SCHEME 3 when the macrocycles were synthesized using an equimolar

R amount of p-CeHy4-i-Bu)B(OH), and fn-CgH4F)B(OH),. It can
o /R L/ thus be concluded that exchange reactions of the macrocyclic

q By <~ q /\B core are slow on that time scale. This is in agreement with what

<,N X o/ ) LN 7o \> had been observed for the tetrameric assemblies based on the
5 B s 2,3-dihydroxypyridine ligand8 and may be explained by the
strong B-N interaction in these compounds.

NMR spectroscopic investigations of the pentamgrsd
revealed an interesting feature: whenHeNMR spectra were
recorded in @Dg instead of CDC, pronounced differences were
observed for the chemical shifts of the protons of the bridging
pyridine ligands. For compound, the corresponding spectra
are depicted in Figure 4. We attribute this difference to ring
current effects of a benzene guest molecule in the cavity of the
macrocycle. The fact that benzene can be accommodated in the
cavity is corroborated by the cocrystallized benzene molecule
found inside the macrocycle of crystallie(Figure 5) and in
one of the crystallographically distinct macrocycles of crystalline
4. NMR titration experiments show that these benzene guest
molecules are not bound very strongly: addition of 10 equiv

A

3 position. The carboroxygen bond lengths are similar to each
other. These values indicate that the mesomeric structure B, in
which the bridging ligand is in its pyridonate form, is less
important for the overall electronic situation (Scheme 3).

The NMR data ofLl—4 indicated that the aggregates are stable
in solution. The''B NMR spectra showed broad peaks at around
13 ppm. The upfield shift compared to the typié#B signals
of trigonal planar boronate esters~-aB0 ppm is characteristic
for tetracoordinated boron centé@psTo test the kinetic stability
of the assemblies, we mixed equimolar amountg:ftl) of
the two pentamerg and3 in CDCl; (0.6 mL). ThelH NMR
spectrum of the resulting solution recorded after 15 min was a
superposition of the spectra of the pure compou2dsd 3.

(25) N&th, H.; Wrackmeyer, B. INMR Spectroscopy of Boron Com-
(24) Clegg, W.; Scott, A. J.; Souza, F. E. S.; Marder, T. Rta pounds Diehl, P., Fluck, E., Kosfeld, R., Eds.; NMRBasic Principles and
Crystallogr., Sect. C1999 55, 1885-1888. Progress 14; Springer-Verlag: Berlin, 1978.
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— 7 (R =Ph) not shown for clarity.
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of CgDs to a solution of3 in CDCl; resulted in only minor
changes of the chemical shifts. Marked differences were only \
observed for significantly higher benzene concentrations.

- 0
Having established that condensation of 3,4-dihydroxypyri- @ Tﬁ) "2 //@
/

Zz=

dine and boronic acids gives pentameric assemblies in high

yield, we wanted to explore the possibility of using the

macrocycles as a scaffold for construction of more complicated

structures. Toward this goal, we investigated the reaction of Qi

3,4-dihydroxypyridine with the functionalized boronic acids

3-formylphenylboronic acid and 3-aminophenylboronic acid

(Scheme 2). Neither the amino nor the aldehyde group interfered C\S
\

N\

with the assembly process, as evidenced by the NMR spectra o\ /

of the productss and 6, which were very similar to those of

1-4.
Subsequently, we investigated the three-component condensa- QV ?/Q b
tion of 3-formylphenylboronic acid, 3,4-dihydroxypyridine, and \©/ / \

—B—0
aniline or cyclohexylamine, respectively (Scheme 4). THe

NMR data of the productg and8 in CDCl; were in agreement 9
with the structures depicted in Scheme 4. Complete condensation

was confirmed by the lack of aldehyde signabat 9.99 ppm Ny

and the presence of a singlet for the €NR protons at) =

8.42 (7) and 8.29 §) ppm. The chemical shifts of the pyridine

protons of7 and8 were similar to what had been observed for
assemblied—6. Final confirmation of the pentameric structure 9 (Scheme 5). As compound it has five benzylidenaniline
came from a single-crystal X-ray analysis of compouhd  side chains but the macrocycle is attached to the aniline side.
(Figure 6; Table 1). The possibility to perform aldehydeamine condensation
The macrocyclic core of is structurally very similar to what  reactions in parallel to the assembly of the boronate macrocycle
was observed fot, 3, and4: five boronate esters are bridged suggested that we can use this approach to construct dendritic
via B—N bonds to give a slightly concave macrocycle. The nanostructures in a single step. Condensation of 3,4-dihydroxy-
stereogenic boron centers all have the same configurations. Inpyridine with a primary amine RNH, and 3,5-diformylphe-
the periphery, we find five benzylidenaniline side chains, all of nylboronic acid should lead to a dendrimer with 10 amine-
which have a trans configuration. The diameter (max. H-to-H derived R groups in the periphery and, an analogous reaction
distance) of the star-shaped compound is 30 A. with 2,3-dihydroxypyridine should result in a tetrameric structure
It is possible to reverse the connectivities and condensatedecorated with 8 amine-derived R groups (Scheme 6).
3-aminophenylboronic acid with 3,4-dihydroxypyridine and an ~ We tested this approach with several aromatic and aliphatic
aldehyde. This was demonstrated by the synthesis of assemblyamines including the small dendron 3,5-(benzyloxy)benzy-

2196 J. Org. Chem.Vol. 72, No. 6, 2007
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SCHEME 6 M
HO-,-0 JL—A
OH A
SO — |
OH ~F
HO._.OH I I " ‘
B
=
e :
N CHO T - 1 - T 1
8.5 8.0 7.5 7.0 8/ ppm
| Type R FIGURE 8. Part of the'H NMR (CDCl) spectrum of (a) the
10 A Bn p-bromoaniline-based assemilg, (b) a mixture ofLl3and 8 equiv of
11| A p-CgHsBr p-methoxyaniline after equilibration, and (c) the pprenethoxyaniline-
12| B Ph based assembly.
13| B p-CgH4Br
14| B CHy3,5-C4H;3(0Bn);

7). A single signal was observed for the €N imine protons,

lamine. In all cases, the expected condensation prodigets and signals for the aldehyde protons were no longer present.
14 were obtained. Tetrameré?—14 were formed almost  This confirmed complete condensation of the peripheral alde-
quantitatively, whereas the crude yield for pentami®sand hyde groups with the amines. Evidence for the macrocyclic core
11 was around 80%. The isolated yields of all products were Structures was the characteristic signals of the bridging oxopy-
~50%. The purity of the products was determined by elemental fidine ligands. Attempts to characterize the assemblies by mass

analysis and NMR spectroscopy (for an example, see Figure SPectrometry were unfortunately not successful.
We examined imine exchange reactions in the periphery of

the dendritic structures. When 8 equivmmethoxyaniline was
q added to a solution of thp-bromoaniline-based assemtl

in CDCl; (8.3 mM), rapid exchange of the aromatic amines was
observed with the equilibrium strongly favoring incorporation
Q Q Q\\ p of the electron-rictp-methoxyaniline (Figure 8). This observa-
tion is in line with results from the group of Nitschke, which
Q\\ K@) show that the equilibrium constant of imine exchange reactions
B
@ o benzylamine is able to disrupt the pyridinkoron interaction,
4 /N\ J@ thereby destroying the macrocyclic core.

involving aniline derivatives can be correlated with the electron-
[\/E DN donating abilities of the amirf.Attempts to perform similar
Q [ ] imine exchange reactions with more basic amines such as
benzylamine were not successful. NMR analyses indicated that

O

In this publication, we describe a new synthetic strategy for
construction of boron-based macrocycles and dendrimers.
Condensation of aryl- and alkylboronic acids with 3,4-dihy-

KQ Conclusion
droxypyridine is shown to give pentameric macrocycles in a

b highly diastereoselective self-assembly process. Macrocycles of
this kind can be used as a scaffold for construction of more

complicated nanostructures. The basis is the observation that
imine condensation reactions can be performed parallel to the
macrocyclization reaction. This allows one to carry out multi-
component assembly reactions between functionalized boronic
acids, dihydroxypyridine ligands, and amines or aldehydes,
respectively. Reaction of 3,5-diformylphenylboronic acid, 3,4-
dihydroxypyridine, and a primary amine-fNH,, for example,
gives dendritic nanostructures having a pentameric macrocyclic
core and 10 amine-derived R groups in their periphery.
Combination of 3,5-diformylphenylboronic acid with 2,3-
8 7 6 5  &/ppm dihydroxypyridine and dendron 3,5-(benzyloxy)benzylamine, on
the other hand, results in formation of a dendrimer with a

FIGURE 7. H NMR spectrum of dendrimet4in CDCl;: (M) signals
of the bridging pyridine ligands{{ and ®) signals of the NChiand (26) Schultz, D.; Nitschke, J. R. Am. Chem. So2006 128 9887
OCH, methylene groups, respectively. 9892.
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tetrameric macrocyclic core and eight dendrons in its periphery. NMR (400 MHz, GDg): 0 6.12 (d,3J = 6 Hz, 5 H, pyridine),
The latter represents a rare example of a dendrimer obtained6.85-6.93 (m, 5 H, phenyl), 7.047.11 (m, 5 H, phenyl), 7.24
by self-assembly using three chemically distinct building blocks. 7-31 (M, 5 H, phenyl), 7.397.48 (m, 5 H, phenyl), 7.57 (&) =
An intrinsic advantage of our approach is its flexibility. Four, ?:E'(Zj ? Hé %r;dbne%l ;-38(38235 H, %)&rlﬁ:g;e’)?ﬁy'gﬂ?d(zlfl E/ll-ig
. . f 3): .0, . Jeor = ) . SJeF =
five, elght: or ten dlfferen.t R groups can be attached to a Hz), 123.1, 126.5 (dJor = 3 Hz), 129.8 (d3der = 7 Hz), 137.6,
macrocyclic core depending on whether a mono- or bis-

. . - S 152.0, 163.0 (d}cr = 246 Hz), 164.641B NMR (128 MHz,
functionalized boronic acid is employed and whether 2,3- or CDCh): & 12.% @1(/:5: 670 Hz?lg,: NMR (188 MHé GDe): g

3,4-dihydroxypyridine is used as the bridging ligand. In addition, _11364. Anal. Calcd for GH.sBsFsNsO10:0.5CGHe: H, 3.44: N,
there seems to be no restriction regarding the directionality of .29, Found: H, 3.73: N, 5.88.
the imine condensation, meaning that the R groups in the [(n-Bu)B(CsH3NO,)]s (4). Yield: 20%.H NMR (400 MHz,
periphery can be derived from primary amines or aldehydes. CDCl): 6 0.62-0.71 (m, 10 H,n-butyl), 0.79-0.90 (m, 15 H,
Overall, our results further highlight the potential of boron-based n-butyl), 1.05-1.19 (m, 10 H,n-butyl), 1.21-1.34 (m, 10 H,
compounds in supramolecular chemistry, a topic likely to receive n-butyl), 6.67 (d,2J = 6 Hz, 5 H, pyridine), 7.75 (&} = 6 Hz, 5
increasing interest in the future. H, pyridine), 7.81 (s, 5 H, pyridinefH NMR (400 MHz, GD):
60.83-1.02 (m, 25 H,n-butyl), 1.45-1.61 (m, 20 H,n-butyl),
6.25 (d,3%) = 6 Hz, 5 H, pyridine), 7.57 (d3J = 6 Hz, 5 H,
pyridine), 8.02 (s, 5 H, pyridine}3C NMR (101 MHz, GDe¢): o
General. 3,4-Dihydroxypyridine was prepared according to 14.4,26.3, 27.4, 106.0, 122.8, 136.6, 152.6, 164BNMR (128
literature procedure®.2,3-Dihydroxypyridine and the boronic acids ~ MHZ, GeDe): 0 15.5 fu, = 770 Hz). Anal. Calcd for ¢sHeoBs-
were obtained from commercial sources. All reactions were carried NsO10CsHiz H, 7.58; N, 7.32. Found: H, 7.84; N, 7.91.
out under an atmosphere of dry nitrogen using standard Schlenck [(M-CeH4CHO)B(CsH3NO,)]s (5). Yield: 51%.*H NMR (400
techniques. ThéH, 13C, and!!B spectra were recorded on a 400 MHz, CDCk): 6 6.91 (d,®) = 6 Hz, 5 H, pyridine), 7.46 (§J =
MHz spectrometer using the residual protonated solvéhtsi{C) 8 Hz, 5 H, phenyl), 7.66 (%] = 7 Hz, 5 H, phenyl), 7.78 (J
as internal standards or BPEt (1B) as an external standard. = 8 Hz, 5 H, phenyl), 7.96 (s, 5 H, phenyl), 8.06 {d.= 6 Hz, 5
All spectra were recorded at room temperature. Only values for H, pyridine), 8.10 (s, 5 H, pyridine), 9.99 (s, 5 H, CH&C NMR
hydrogen and nitrogen are reported for the elemental analyses as i{101 MHz, CDC}): 6 107.2, 123.0, 128.7, 130.0, 132.4, 135.9,
is known that incombustible residues may be produced during 137.3, 137.7, 152.1, 164.7, 193148 NMR (128 MHz, CDC}):
analysis of boron-containing compounds, which may lead to strong 0 13.0 fu, = 820 Hz). Anal. Calcd for €eHs0BsN5O15-0.5GHs:

Experimental Section

deviations for the carbon valye.

General Procedure for the Synthesis of the Boronate Mac-
rocycles 1-6. A suspension of the respective aryl or alkyl boronic
acid (0.5-1.0 mmol) and 3,4-dihydroxypyridine (0-8..0 mmol)
in freshly distilled benzenel5) or chloroform €) (50—60 mL)
was heated under reflux using a Degtark trap. After 47 h,
the mixture was filtered hot and the filtrate allowed to cool to

H, 3.72; N, 6.02. Found: H, 3.94; N, 5.59.
[(M-CeH4NH,)B(CsHaNO,)]s (6). Yield: 56%.H NMR (400
MHz, CDChk): 6 3.57 (b, 10 H, NH), 6.61 (d,3J = 8 Hz, 5 H,
phenyl), 6.71 (s, 5 H, phenyl), 6.76 (@] = 7 Hz, 5 H, phenyl),
6.82 (d,2J = 6 Hz, 5 H, pyridine), 7.09 (8J = 7 Hz, 5 H, phenyl),
7.98 (d,3J = 6 Hz, 5 H, pyridine), 8.04 (s, 5 H, pyridine}3C
NMR (101 MHz, CDC}): ¢ 106.6, 115.3, 117.9, 121.4, 123.1,

ambient temperature. Reduction of the volume and/or addition of 129.0, 137.5, 146.0, 152.0, 164%B NMR (128 MHz, CDC}):
pentane caused precipitation of a white powder, which was isolated,  13.0 (1w, = 680 Hz). Anal. Calcd for €5HssBsN10010'1.5CHCE:

washed with pentane, and dried under vacu@precipitated
directly from the reaction mixture and was purified analogously to
the other complexes. Crystals were obtained by slow diffusion of
pentane into a solution of the respective complex in chloroform
(1) or benzeneg 4).

[(p-Tol)B(CsH3NO,)]s (1). Yield: 66%.H NMR (400 MHz,
CDCl): 0 2.30 (s, 15H, CH), 6.82 (d,3] = 6 Hz, 5 H, pyridine),
7.07-7.16 (m, 10 H, phenyl), 7.26 (dJ = 8 Hz, 10 H, phenyl),
7.99 (d,%J = 6 Hz, 5 H, pyridine), 8.04 (s, 5 H, pyridine}H
NMR (400 MHz, GDg): 0 2.19 (s, 15H, CH), 6.19 (d,3J = 6
Hz, 5 H, pyridine), 7.16-7.26 (m, 10 H, phenyl), 7.58 (d) = 7
Hz, 10 H, phenyl), 7.71 (#J = 6 Hz, 5 H, pyridine), 8.11 (s, 5 H,
pyridine). 13C NMR (101 MHz, CDC}): o 21.5, 106.6, 123.1,
128.7, 131.2, 137.4, 138.0, 152.1, 1648 NMR (128 MHz,
CDC|3) 0127 ml/Z =700 HZ) Anal. Calcd for ggH50BsNsO1q:

H, 4.78; N, 6.64. Found: H, 5.01; N, 6.38.

[(p-CeH 4-i-Bu)B(CsH3NO,)]s (2). Yield: 86%.*H NMR (400
MHz, CDCh): ¢ 1.28 (s, 45H, C(Ch)3), 6.82 (d,3J =6 Hz, 5 H,
pyridine), 7.24-7.39 (m, 20 H, phenyl), 8.00 (d) = 6 Hz, 5 H,
pyridine), 8.05 (s, 5 H, pyridine}3C NMR (101 MHz, CDC}): d

1.5GH:2 H, 4.83; N, 10.40. Found: H, 5.05; N, 9.99.
[(m-CgH4,CH=NPh)B(CsH3NO,)]5 (7). A suspension of 3-formyl-
phenylboronic acid (150 mg, 1.0 mmol), 3,4-dihydroxypyridine (111
mg, 1.0 mmol), and aniline (112 mg, 1.2 mmol) in distilled benzene
(60 mL) was heated under reflux using a De&tark trap. After
6 h, the suspension was filtered hot. The volume of the filtrate was
reduced to 10 mL, and pentane (20 mL) was added, which resulted
in precipitation of a white solid. The precipitate was filtered, washed
with pentane, and dried under vacuum. Yield: 120 mg, 48%.
NMR (400 MHz, CDC}): 6 6.90 (d,3J = 6 Hz, 5 H, pyridine),
7.14-7.22 (m, 15 H, phenyl), 7.317.43 (m, 15 H, phenyl), 7.51
(d,3) =7 Hz, 5 H, phenyl), 7.83 (#J = 8 Hz, 5 H, phenyl), 7.96
(s, 5 H, phenyl), 8.07 (#J = 6 Hz, 5 H, pyridine), 8.13 (s, 5 H,
pyridine), 8.42 (s, 5 H, imine)t3C NMR (101 MHz, CDC}): ¢
107.0,121.0, 123.2, 125.9, 128.5, 128.8, 129.2, 131.8, 134.3, 135.7,
137.6, 152.1, 152.5, 161.3, 16478 NMR (128 MHz, CDC}):
0 13.2 (. = 1060 Hz). Anal. Calcd for gHesBsN10O10: H, 4.37,;
N, 9.33. Found: H, 4.67; N, 8.88. Crystals were obtained by slow
diffusion of pentane into a solution afin chloroform.
[(m-CgH4CH=NCYy)B(CsH3NO,)]s (8). A suspension of 3-formyl-

31.5,106.6, 123.2, 124.9, 128.5, 131.0, 137.5, 151.1, 152.1, 164.9 phenylboronic acid (150 mg, 1.0 mmol), 3,4-dihydroxypyridine (111

118 NMR (128 MHz, CDC}): 6 13.0 (2 = 780 Hz). Anal. Calcd
for C;5HgoBsNsO10: H, 6.33; N, 5.44. Found: H, 6.35; N, 5.46.
[(M-CgH4F)B(CsH3NO,)]s5 (3). Yield: 31%.1H NMR (400 MHz,
CDCl): ¢ 6.87 (d,2J =6 Hz, 5 H, pyridine), 6.966.99 (m, 5 H,
phenyl), 7.05-7.16 (m, 10 H, phenyl), 7.207.30 (m, 5 H, phenyl),
8.00 (d,%J = 6 Hz, 5 H, pyridine), 8.06 (s, 5 H, pyridine}H

(27) (a) Ellis, B. L.; Duhme, A. K.; Hider, R. C.; Hossain, M. B.; Rizvi,
S.; van der Helm, DJ. Med. Chem1996 39, 3659-3670. (b) Harris, R.
L. N. Aust. J. Chem1976 29, 1329-1334.

2198 J. Org. Chem.Vol. 72, No. 6, 2007

mg, 1.0 mmol), and cyclohexylamine (119 mg, 1.2 mmol) in
distilled benzene (60 mL) was heated under reflux using a Bean
Stark trap. After 6 h, the suspension was filtered hot. The volume
of the filtrate was reduced to one-half, and pentane (30 mL) was
added, which resulted in precipitation of a white solid. The
precipitate was filtered, washed with pentane, and dried under
vacuum. Yield: 77 mg, 25%'H NMR (400 MHz, CDC}): o
1.15-1.42 (m, 20 H, cyclohexyl), 1.481.88 (m, 30 H, cyclohexyl),
3.10-3.21 (m, 5 H, cyclohexyl), 6.86 (8) = 6 Hz, 5 H, pyridine),
7.32 (t,3) = 8 Hz, 5 H, phenyl), 7.41 (FJ = 7 Hz, 5 H, phenyl),
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7.64-7.73 (m, 10 H, phenyl), 8.01 (&) = 6 Hz, 5 H, pyridine), H, imine). 33C NMR (101 MHz, CDC}): ¢ 115.7, 118.1, 120.9,
8.07 (s, 5 H, pyridine), 8.29 (s, 5 H, iminéfC NMR (101 MHz, 126.2,127.9,128.5, 129.5, 130.1, 136.5, 142.0, 150.9, 152.3, 160.4,
CDCly): 6 25.0, 25.8, 34.5,70.2, 106.9, 123.1, 127.8, 128.3, 131.3, 163.3.'B NMR (128 MHz, CDC}): 9 13.6 fu, = 960 Hz). Anal.
133.3, 136.1, 137.6, 152.1, 159.5, 164'B NMR (128 MHz, Calcd for GooH72B4N120s: H, 4.50; N, 10.42. Found: H, 4.54; N,
CDCly): 6 13.9 y, = 1000 Hz). Anal. Calcd for GHos 10.07.
BsN;1¢O10: H, 6.26; N, 9.15. Found: H, 6.52; N, 8.65. {[CsH3(CH=NC¢HBr);]B(CsH3NO,)} 4 (13). A suspension of
[(M-CeH4sN=CHPh)B(CsH3NO,)]s (9). A suspension of 3-ami- 3,5-diformylphenylboronic acid (71 mg, 0.40 mmol), 2,3-dihy-
nophenylboronic acid monohydrate (155 mg, 1.0 mmol), 3,4- droxypyridine (44 mg, 0.40 mmol), and 4-bromoaniline (165 mg,
dihydroxypyridine (111 mg, 1.0 mmol), and benzaldehyde (127 mg, 0.96 mmol) in distilled benzene (60 mL) was heated under reflux
1.2 mmol) in distilled benzene (60 mL) was heated under reflux using a Dearn Stark trap. After 6 h, the suspension was filtered
using a Dean Stark trap. After 6 h, the suspension was filtered hot. The volume of the filtrate was reduced to 20 mL, and pentane
hot. Upon cooling, a white solid precipitated. The precipitate was (15 mL) was added, which resulted in precipitation of a white solid.
filtered, washed with pentane, and dried under vacuum. Yield: 167 The precipitate was filtered, washed with pentane, and dried under
mg, 56%.'"H NMR (400 MHz, CDC}): ¢ 6.86 (d,3J =6 Hz, 5 vacuum. Yield: 158 mg, 71%H NMR (400 MHz, CDC}): o
H, pyridine), 7.10 (d3J = 8 Hz, 5 H, phenyl), 7.227.28 (m, 5 H, 6.60-6.72 (m, 8 H, pyridine), 7.09 () = 9 Hz, 16 H, phenyl),
phenyl), 7.32 (t3J = 8 Hz, 5 H, phenyl), 7.397.47 (m, 15 H, 7.31-7.43 (m, 4 H, pyridine), 7.52 (] = 8 Hz, 16 H, phenyl),
benzyl), 7.83-7.91 (m, 10 H, benzyl), 8.04 (&) = 6 Hz, 5 H, 8.03 (b, 8 H, phenyl), 8.28 (s, 4 H, phenyl), 8.48 (s, 4 H, imine).
pyridine), 8.10 (s, 5 H, pyridine), 8.43 (s, 5H, iminéjC NMR 13C NMR (101 MHz, CDC}): 6 115.6, 116.9, 118.0, 119.7, 122.5,
(101 MHz, CDC#): ¢ 106.8, 120.4, 123.2, 123.8, 124.0, 128.5, 127.9, 130.4, 132.2, 132.6, 136.3, 142.0, 150.9, 160.6, 16R3.
128.8, 128.9, 131.3, 136.5, 137.6, 151.7, 152.1, 160.3, 1687.  NMR (128 MHz, CDC}): 6 12.3 (y, = 850 Hz). Anal. Calcd for
NMR (128 MHz, CDC}): 6 11.6 (> = 1170 Hz). Anal. Calcd CioHe4B4BrsN120g: H, 2.87; N, 7.49. Found: H, 2.98; N, 7.47.
for CooHesBsN10010"CeHs: H, 4.53; N, 8.87. Found: H, 4.68; N, {[CeH3(CH=NCHCgH3(OBn),);]B(CsH3NO2)} 4 (14). A sus-
8.59. pension of 3,5-diformylphenylboronic acid (36 mg, 0.2 mmol), 2,3-
{[CsH3(CH=NBN),]B(CsH3NO,)}s (10). A suspension of 3,5- dihydroxypyridine (22 mg, 0.2 mmol), and 3,5-bis(benzyloxy)-
diformylphenylboronic acid (89 mg, 0.5 mmol), 3,4-dihydroxypy- benzylamine (128 mg, 0.4 mmol) in distilled benzene (80 mL) was
ridine (56 mg, 0.5 mmol), and benzylamine (108 mg, 1.0 mmol) stirred at room temperature for 2 h. The suspension was then heated
in distilled benzene (80 mL) was stirred at room temperature for 2 under reflux using a DearStark trap. After 6 h, the solution was
h. The suspension was then heated under reflux using a-Dean allowed to cool. The volume of the filtrate was reduced to 10 mL,
Stark trap. After 6 h, the solution was allowed to cool. The volume and pentane (15 mL) was added, which resulted in precipitation of
of the filtrate was reduced to 20 mL, and pentane (20 mL) was a slightly brown solid. The precipitate was filtered, washed with
added, which resulted in precipitation of a white solid. The pentane, and dried under vacuum. Yield: 86 mg, 48%NMR
precipitate was filtered, washed with pentane, and dried under (400 MHz, CDC}): 6 4.76 (s, 16 H, benzyl), 4.99 (s, 32 H, benzyl),
vacuum. Yield: 115 mg, 53%H NMR (400 MHz, CDC}): 6 6.25 (t,3J =7 Hz, 4 H, pyridine), 6.46 () = 7 Hz, 4 H, pyridine),
4.80 (s, 20 H, benzyl), 6.85 (8) = 6 Hz, 5 H, pyridine), 7.2+ 6.52 (s, 8 H, phenyl), 6.61 (s, 16 H, phenyl), 7.113#= 7 Hz,
7.38 (m, 50 H, phenyl), 7.92 (s, 10 H, phenyl), 8.02%t+= 6 Hz, 4 H, pyridine), 7.16-7.47 (m, 40 H, phenyl), 7.96 (b, 8 H, phenyl),
5 H, pyridine), 8.08 (s, 5 H, pyridine or phenyl), 8.10 (s, 5 H, 8.16 (s, 4 H, phenyl), 8.37 (s, 8 H, iminéfC NMR (101 MHz,
pyridine or phenyl), 8.39 (s, 10 H, imine}*C NMR (101 MHz, CDCly): o 65.4, 70.1, 100.8, 107.6, 115.4, 118.0, 127.7, 128.1,
CDCly): ¢ 65.2,107.1, 123.1, 127.1, 128.2, 128.6, 133.3, 133.4, 128.6, 136.1, 136.9, 141.5, 150.5, 160.2, 162.2, 16300NMR
136.1, 137.6, 139.2, 152.0, 162.3, 16488 NMR (128 MHz, (128 MHz, GDg): 0 10.4 (n, = 1320 Hz). Anal. Calcd for
CDCl): 6 11.2 (y, = 1050 Hz). Anal. Calcd for &Hos CooH18BaN12024: H, 5.42; N, 4.91. Found: H, 5.18; N, 4.86.
BsN1¢gO10: H, 5.14; N, 9.74. Found: H, 5.19; N, 9.35. Crystallographic Investigations. The relevant details of the
{[CeH3(CH=NCgH4Br),]B(CsH3NO,)}s (11). A suspension of crystals, data collection, and structure refinement can be found in
3,5-diformylphenylboronic acid (89 mg, 0.5 mmol), 3,34-dihy- the Supporting Information (cif file). Diffraction data were collected
droxypyridine (56 mg, 0.5 mmol), and 4-bromoaniline (189 mg, using Mo Ko radiation on different equipment and at different
1.1 mmol) in distilled benzene (60 mL) was heated under reflux temperatures: a 4-circle kappa goniometer equipped with an Oxford
using a DeanStark trap. After 6 h, the suspension was filtered Diffraction KM4 Sapphire CCD, 3) or a Bruker APEX Il CCD
hot. The volume of the filtrate was reduced to 10 mL, and pentane (4, 7). Data were reduced by CrysAlis RED 1.211, 3) and
(10 mL) was added, which resulted in precipitation of a white solid. EvalCCD @, 7).2° Absorption correction was applied to the data
The precipitate was filtered, washed with pentane, and dried undersets of3 and7 using a semiempirical methG8All structures were
vacuum. Yield: 169 mg, 60%H NMR (400 MHz, CDC}): 6 refined using full-matrix least-squares BAwith all non-H atoms
6.45 (d,3J =6 Hz, 5 H, pyridine), 6.68 (c¢J = 8 Hz, 20 H, phenyl), anisotropically defined. The hydrogen atoms were placed in
7.36 (d,3) = 8 Hz, 20 H, phenyl), 7.60 (s, 5 H, phenyl), 7.72 (s, calculated positions using the “riding model” withis, = aUeq
10 H, phenyl), 7.82 (s, 5H, pyridine), 8.02 @ = 6 Hz, 5 H, (wherea is 1.5 for methyl hydrogen atoms and 1.2 for others).
pyridine), 9.06 (s, 5 H, imine):3C NMR (101 MHz, CDC}): 6 Structure refinement and geometrical calculations were carried out
107.4,119.5,122.7, 123.6, 129.0, 132.2, 133.8, 135.4, 137.6, 141.80n all structures with SHELXTE! Some serious problems dealing
150.7, 151.9, 159.8, 164.8B NMR (128 MHz, CDC}): ¢ 10.1 with possible solvent molecules have been encountered during
(hy2 = 1000 Hz). Anal. Calcd for ©sHgoBsBrigN15010°0.5GHse: refinement of compound. The data were squeeZ8end refine-
H, 2.94; N, 7.39. Found: H, 3.14; N, 6.95. ment completed. Disorder problems have been found for compound
{[CeH3(CH=NPh),]B(CsH3NO2)}4 (12). A suspension of 3,5- 3, 4, and7 and treated by applying some restraints and constraints.
diformylphenylboronic acid (178 mg, 1.0 mmol), 2,3-dihydroxy- An additional twinning problem appeared in refinement of com-
pyridine (111 mg, 1.0 mmol), and aniline (224 mg, 2.4 mmol) in
distilled benzene (80 mL) was heated under reflux using a Bean (28) Oxford Diffraction Ltd., Abingdon, Oxfordshire, OX14 1 RL, U.K.,
Stark trap. After 6 h, the suspension was filtered hot. The volume 2006
of the filtrate was reduced to 10 mL, which resulted in precipitation ~ (29) Duisenberg, A. J. M.; Kroon-Batenburg, L. M. J.; Schreurs, A. M.
of a white solid. The precipitate was filtered, washed with pentane, M'(\:]’,'o ')Ag?e'-s sﬁ{]yStaR"OﬂrAzc?S%EGétgﬁgrzzge ot 4995 51 33-38
and dried under vacuum. Yield: 224 mg, 56%.NMR (400 MHz, (31) Sheldrick, G. MSHELXTE University of Gatingen: Gatingen,
CDCl): 0 6.65-6.77 (m, 8 H, pyridine), 7.187.29 (m, 24 H, Germany, 1997; Bruker AXS, Inc.: Madison, WI, 1997.
phenyl), 7.34-7.45 (m, 16 H, phenyl), 7.477.52 (m, 4 H, (32) Sluis, P. V. D.; Spek, A. LActa Crystallogr., Sect. A99Q 46,
pyridine), 8.04 (b, 8 H, phenyl), 8.32 (s, 4 H, phenyl), 8.52 (s, 4 194-201.
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pound 4, which was solved using the twin law for monoclinic Supporting Information Available: Crystallographic data in
simulating orthorhombic (TWN 1 0 0 0-1 0 0 0-1, BASF= CIF format for compounds, 3, 4, and7. This material is available
0.262(2)). free of charge via the Internet at http://pubs.acs.org.
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