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The 6,69-disubstituted 2,29-bipyridines and oligo(bipyridines) functionality and reasonable solubility behavior. These
molecules permit the synthesis of a wide range ofare often used as ligands in supramolecular chemistry;

however, their range of application has been limited due to functionalized oligo(bipyridines) with new potential
applications in supramolecular chemistry and materialsthe lack of unsymmetrically functionalized compounds and

their poor solubility. We describe herein a new generation of science. As initial examples, we present the synthesis of
mono- and bis-functionalized bis- and tris-2,29-biypridines.specially designed unsymmetrical bipyridine building blocks

possessing different protecting groups for the hydroxy

Introduction other supramolecular systems are rare[9] [10]. This may be
explained by the lack of a suitable synthetic route to unsym-In the last two decades, many well-defined supramolecu-
metrically 6,69-functionalized 2,29-bipyridines or func-lar architectures have been achieved by the self-assembly
tionalized oligo(bipyridines), and by the relatively low solu-of organic components[1]. Possible applications are seen in
bility of methyl substituted oligo(bipyridines)[6f]. However,catalysis [2], electrochemistry[3], photochemistry[4], or new
such systems should show novel properties due to the helic-materials [5]. However, only a few systems fulfill the require-
ity, self-organization and cooperative features of the bipyri-ments for practical applications such as formation of special
dine units.architectures using recognition-directed self-assembly fea-

tures, availability of the components in usable quantities,
and the presence of end groups that can be covalently incor- Results and Discussion
porated into networks and assemblies. The most prominent
examples for self-organization systems are the 6,69-disubsti- The syntheses of 6,69-disubstituted-2,29-bipyridine build-

ing blocks have been a major goal in organic and supramol-tuted oligo(2,29-bipyridine) copper(I) or silver(I) complexes
with methyloxymethylene linkers between the bipyridine ecular chemistry[11] [12]. Besides efforts towards metal-bind-

ing cryptands or spherands (see, for instance, the mostunits [1a] [1b] [6] due to their ability to spontaneously form
well-defined helical architectures, similar to the Watson and prominent example in this field, the “sexipyridine”[13]), li-

gand systems for potential antitumor agents[14] or deriva-Crick double-helix in nucleic acids[7]. However, only the
simple non-functionalized ligands and their complexes are tives for protein labeling[15], the central interest in the last

decade has been focused on the construction of oligo(bipyri-known[6]. A different approach using a stepwise construc-
tion starting from different template units was recently de- dine) strands as basic ligands for double helical architec-

tures[1a] [1b] [6]. Non-functionalized oligo(bipyridines) con-scribed[8] by Siegel et al.
Transformations of such building blocks into other sys- taining two to five 2,29-bipyridine units have been synthe-

sized using chemistry based on such well-described com-tems (like synthetic macromolecules) or combination with
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pounds as 6,69-disubstituted-2,29-bipyridine. Although cally 5,59-difunctionalized 2,29-bipyridines can be also con-

verted into unsymmetrically functionalized molecules withnotable efforts have been made in the last few years to de-
velop large scale routes[9a] [9e] [9g] [12a], to the best of our the same strategy[19].

As a first application towards functionalized oligo(bipyri-knowledge, there have been no directed strategies towards
unsymmetrically functionalized bipyridines known prior to dines), we treated 3 with the monolithio compound 2 to

obtain (57%) the bishydroxymethylbis(bipyridine) 6, whichour first communication in 1995[9b]. Furthermore, there has
been a complete lack of functionalized and soluble oligo(bi- is the first reported bisfunctionalized oligo(bipyridi-

ne)[9b] [17] [20] (Scheme 2). Treatment of 6 with oxalyl chloridepyridines). Two exceptions should, however, be mentioned:
Lehn et al. described a method for the synthesis of termin- in DMSO[21] in the prescence of NEt3 resulted in the forma-

tion of the bis(aldehyde) 7 [17], an interesting intermediateated monobromo bis(bipyridine) and the corresponding
hydroxy compound in small scale and medium yields[6f]. towards hydrogen bonding supramolecular units (e.g.,

through oxime functionalities[22]). These compounds (es-The bisfunctionalized 2,29-bipyridine was obtained, as a
side product in 8% yield, during the bromination of the pecially 6) show very low solubility in aprotic solvents; fur-

thermore, the key methanesulfonyl intermediate could notbishydroxy compound with HBr[16].
We recently published preliminary results in the first di- be stored due to its rapid decomposition[23]. The synthesis

of higher generations of functionalized oligo(bipyridines) byrected strategy towards unsymmetrically functionalized bi-
pyridines (Scheme 1)[9b]. Treatment of the 6,69-bis(hydroxy- sequential Williamson condensation using this building

block seemed not to be the best way.methyl)-2,29-bipyridine 1 (available in multigram quantities
using the traditional N-oxidation and Boekelheide re- Scheme 2
arrangement strategy starting from 6,69-dimethyl-2,29-
bipyridine[6b] [9e] [9g] [12a]) with n-butyllithium in THF in a
narrow temperature range of 250 to 260°C resulted in a
white precipitate (the monolithium salt 2) [17]. Subsequent
treatment of 2 with methanesulfonyl chloride (MsCl) led to
6-methylsulfonyloxymethyl-69-hydroxymethyl-2,29-bipyri-
dine (3) in 65% yield when the reaction was quenched at
235°C with water. The corresponding 6-chloromethyl-69-
hydroxymethyl-2,29-bipyridine (4) was obtained in 17%
yield if the reaction mixture was allowed to warm up to
25°C. Reaction of 3 with LiBr in THF gave (91%) the pre-
viously described 6-bromomethyl-69-hydroxymethyl-2,29-bi-
pyridine (5).

Scheme 1

A new strategy for the building blocks was devised to
circumvent these problems. Reaction of mesylate 3 with a
10-fold excess of lithium 4-tert-butyloxybutoxide[24] af-
forded (93%) 6-(499-tert-butyloxytetramethylenoxymethyl)-
69-(hydroxymethyl)-2,29-bipyridine (8) [25] (Scheme 3), which
represents a very soluble, monoprotected bisfunctionalized
bipyridine. Reaction of 8 with MsCl afforded (79%) the cor-
responding methylsulfonyl-terminated 2,29-bipyridine (9)
and, after reaction with LiBr in THF, the 69-(bromo-
methyl)-6-(499-tert-butyloxytetramethylenoxymethyl)-2,29-
bipyridine (10) was obtained in 89% yield. Using LiI in-
stead of LiBr resulted (90%) in the corresponding iodo-ter-
minated product (11).

The standard deprotection procedures for such tert-
butylalcohol protection groups (4  HCl in diox-
ane[28b] [9a] [9e] [9g] [26]) gave, to our surprise, not the expected
the compound (12), but the corresponding 69-(chlorome-
thyl)-6-(499-hydroxytetramethylenoxymethyl)-2,29-
bipyridine (13) in 98% yield. To circumvent this problem,The methodology using the low solubility of a non-func-

tionalized intermediate represents, to the best of our knowl- we then utilized the acetyl group [bipyridine (14)], which
could then be removed using mildly basic or acidic con-edge, the most powerful strategy towards novel bipyridine

building blocks[18]. Recently it was shown that symmetri- ditions[28b] [27].
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Scheme 3

Soluble, unsymmetrically functionalized bipyridines with be obtained using a slightly different approach (Scheme 4).
The principle problem was to find a reagent that would re-a protecting group on the hydroxymethyl group could also
act with the monolithium salt of 1 in a reasonable yield and
time as well as in the required temperature range; methoxy-Scheme 4
ethoxymethyl chloride (MEMCl) proved to be a suitable
reagent. After 10 h of stirring at 260°C, followed by warm-
ing to 25°C, it was possible to isolate (55%) of the mono-
protected bipyridine (15). Application of the transformation
method (with methanesulfonyl chloride and LiBr) resulted
in 6-(methoxyethoxymethyloxymethyl)-69-(methylsulfonyl-
oxymethyl)-2,29-bipyridine (16) (78%) and 69-(bromo-
methyl)-6-(methoxyethoxymethyloxymethyl)-2,29-bipyri-
dine (17) (88%), respectively. The MEM protecting group
could be easily removed using the literature methods[28] to
give the desired 6,69-unsymmetrically bisfunctionalized
2,29-bipyridines in high yields.

Reaction of 15, 16, or 17 with suitable coupling partners
and subsequent removal of the MEM group allows the con-
trolled building of supramolecular systems with bipyridine
segments.

The specially designed building blocks described above
were used to build larger functionalized oligo(bipyridines).
The first examples are shown in Scheme 5. Reaction of the
6-(hydroxymethyl)-69-methyl-2,29-bipyridine (18) (available
via N-oxidation route[9a] [9e] [9f] [12a]) with the bromide 10 re-
sulted in a 94% yield of the monofunctionalized bis(bipyri-
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Table 1. Described functionalized oligo(bipyridines) including thedine) 19. Deprotection (4  HCl, dioxane) resulted (94%)

molecular masses of the molecules and the functional groups[a]
in the hydroxy terminated bis(bipyridine) 20.

Scheme 5

Com- Yield Calculated n X Y
pound [%] molecular

mass [g/mol]

6 57 414.46 1 CH2OH CH2OH
7 86 410.43 1 CHO CHO

19 94 526.68 1 CH3 CH2O(-
CH2)4OtBu

20 94 470.57 1 CH3 CH2O(CH2)4OH
22 55 461.36 1 CH3 CH2Br
23 90 724.90 2 CH3 CH2O(-

CH2)4OtBu

[a] X, Y 5 substituents including functional groups; n 5 repeat
units.

All oligo(bipyridine) compounds described are highly sol-
uble in common organic solvents. Most resonance peaks
and couplings of the compounds described here were con-
firmed taking cross-peaks and correlation peaks.

Use of the 69-(bromomethyl)-6999-methyl-6,699-[oxybis- The functionalized oligo(bipyridines) are summarized in
(methylene)]bis[2,29-bipyridine] (22) as starting material Table 1. Using the new building blocks and Williamson
gave the corresponding monofunctionalized tris(bipyridine) condensation reactions a wide range of functionalized li-
23 with a molecular mass of 724.90 g/mol in 90% yield by gands with 1 to 5 bipyridine units are accessible, opening
reaction with (8) (Scheme 6). The coupling of the 6- new avenues for the use of such oligo(bipyridines) (Figure
(hydroxymethyl)-69-methyl-2,29-bipyridine (18) with the 1).
6,69-dibromomethyl-2,29-biypridine (21) [9e] [29] was per-
formed on a multigram scale yielding 55% of 69-(bromo-

Figure 1. Schematic representation of the Williamson condensationmethyl)-6999-methyl-6,699-[oxybis(methylene)]bis[2,29-bipy- strategy leading to functionalized oligo(bipyridines) [for non-func-
tionalized oligo(bipyridines) see[6f]]ridine] (22) using a 1.7 fold excess of 21 [30] (the preparation

of compound 22 has already been described in the literature
on a smaller scale with 45% yield[6f]).

Scheme 6
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This study was supported by the German Ministry of Research 2,29-bipyridine (2) in 100 ml of THF under argon was treated drop-

wise at 260°C with 1.06 g (9.3 mmol) of MsCl in dry THF (10and Technology (CDE, Grant No. 03C2013/4), the Universität Bay-
reuth (CDE), the National Science Foundation (GRN, DMR- ml). The reaction mixture was warmed up to 25°C and quenched

with 5 ml of water. The solvent was removed in vacuo, the remain-8906792 and DMR-9217331), and the Army Office of Research
(GRN, DAAH04-93-6-0448). Parts of the work described in this ing solid was dissolved in 150 ml of CH2Cl2 and extracted with

water (3 3 50 ml). The combined organic layers were driedarticle were carried out at the Universität Bayreuth, Lehrstuhl für
Makromolekulare Chemie II and the Bayreuther Institut für Makro- (MgSO4) and concentrated in vacuo. The crude product was puri-

fied by column chromatography (SiO2, CH2Cl2/MeOH, 98:2) tomolekülforschung (BIMF). Support from the Bayerisches Staatsmi-
nisterium für Unterricht, Kultus, Wissenschaft und Kunst and the yield 300 mg (14%) of 4, as a white solid with m.p. 982100°C. 2

1H NMR (250 MHz): δ 5 4.76 (s, 2 H, 7-H), 4.84 (s, 2 H, 79-H),Fonds der Chemischen Industrie (USS) is gratefully acknowledged.
We thank Prof. Dr. Karlheinz Seifert (Universität Bayreuth) for 7.26 (d, J 5 7.6, 1 H, 5-H), 7.51 (d, J 5 7.6, 1 H, 59-H), 7.82 (t,

J 5 7.6, 1 H, 4-H), 7.86 (t, J 5 7.6, 1 H, 49-H), 8.37 (d, J 5 7.6,his support.
2 H, 3,39-H). 2 13C NMR (62.9 MHz): δ 5 46.85 (7-C), 63.93 (79-
C), 119.93 (3-C), 120.15 (39-C), 120.57 (5-C), 122.82 (59-C), 137.64
(4-C), 137.89 (49-C), 154.41 (2-C), 155.19 (29-C), 156.16 (6-C),Experimental Section
158.20 (69-C). 2 MS (EI, 70 eV); m/z (%): 234 (41) [M1].

General Remarks: All solvents were dried and distilled before use.
2 Column chromatography: Merck silica gel 50, 0.004020.0063 6-(Bromomethyl)-69-(hydroxymethyl)-2,29-bipyridine (5): To a
mm (2302400 mesh). 2 NMR: Bruker AC 250 (250 and 62.9 MHz solution of 1.0 g (7.9 mmol) of 69-(hydroxymethyl)-6-(methylsul-
for 1H and 13C, respectively) and Bruker AMX 300 (300 and 75 fonyloxymethyl)-2,29-bipyridine (3) in 100 ml of THF was added
MHz for 1H and 13C, respectively) and Bruker DRX 500 (500 and 6.5 g (75.7 mmol) of lithium bromide. The mixture was heated at
125.8 MHz for 1H and 13C, respectively) spectrometers were used to 50°C for 1 h and then concentrated in vacuo. The crude product
record 1H- and 13C-NMR spectra in CDCl3 (25°C) unless specified was partitioned between CHCl3 and saturated ammonium chloride
otherwise. 1H- and 13C chemical shifts are given in δ units relative solution (1:1; each 100 ml). The aqueous solution was extracted
to CDCl3 or TMS as internal standard. 2 For kugelrohr distil- with CHCl3 (3 3 150 ml), the combined organic layers were dried
lations a Büchi kugelrohr was used. (MgSO4) and concentrated in vacuo. The crude product was puri-

fied by column chromatography (SiO2, CH2Cl2/MeOH, 99:1) to6,69-Bis(hydroxymethyl)-2,29-bipyridine (1) was synthesized ac-
yield 920 mg (91%) of 5, as a white solid with m.p. 1292131°Ccording to published procedures[12a] [9g] with m.p. 1452146°C
(1302131°C[16]). 2 1H NMR (250 MHz, 1H-1H COSY): δ 5 3.99(1462147°C[12a]). 2 1H NMR (250 MHz): δ 5 4.01 (t, 2 H, J 5
(s, 1 H, OH-H), 4.63 (s, 2 H, 7-H), 4.71 (s, 2 H, 79-H), 7.25 (d, 14.7, OH-H), 4.84 (d, 2 H, J 5 4.7, 7,79-H), 7.26 (d, 2 H, J 5 7.8,
H, J 5 7.6, 59-H), 7.48 (d, 1 H, J 5 7.6, 5-H), 7.81 (t, 1 H, J 55,59-H), 7.83 (t, 2 H, J 5 7.8, 4,4-H), 8.34 (d, 2 H, J 5 7.8, 3,39-
7.6, 4-H or 49-H), 7.82 (t, 1 H, J 5 7.6, 4-H or 49-H), 8.33 (d, 1H). 2 13C NMR (62.9 MHz): δ 5 64.26 (7,79-C), 119.73 (3,39-C),
H, J 5 7.6, 3-H or 39-H), 8.39 (d, 1 H, J 5 7.6, 3-H or 39-H). 2120.59 (5,59-C), 137.60 (4,49-C), 154.66 (6,69-C), 158,64 (2,29-C). 2
13C NMR (62.9 MHz): δ 5 34.01 (7-C), 63.93 (79-C), 120.00 (39-MS (EI, 70 eV); m/z (%): 215 (100) [M1 2 1]. 2 C12H12N2O2
C), 120.13 (3-C), 120.58 (59-C), 123.51 (5-C), 137.66 (49-C), 137.89(216.2): calcd. C 66.65, H 5.61, N 12.96; found: C 66.66, H 5.51,
(4-C), 154.40 (29-C), 155.34 (2-C), 156.33 (6-C), 158.17 (69-C). 2N 12.86.
MS (EI, 70 eV); m/z (%): 279/279 (81/83) [M1]. 2 C12H11BrN2O

69-(Hydroxymethyl)-6-(methylsulfonyloxymethyl)-2,29-bipyridine (279.1): calcd. C 51.63, H 3.97, N 10.04; found: C 51.67, H 4.13,
(3): A solution of 5.0 g (23.1 mmol) of 6,69-bis(hydroxymethyl)- N 9.90.
2,29-bipyridine (1) in 250 ml of dry THF was cooled to 260°C

69,6999-Bis(hydroxymethyl)-6,69-[oxybis(methylene)]bis[2,29-and treated dropwise under argon with 9.25 ml (23.1 mmol) of n-
bipyridine] (6): A suspension of 9.3 mmol of 69-(hydroxymethyl)-6-butyllithium (2.5  solution in hexane). Immediately a white pre-
(lithiooxymethyl)-2,29-bipyridine (2) in 100 ml of THF was treatedcipitate could be observed (the mono lithium salt 2). The reaction
dropwise at 260°C with 2.54 g of (9.3 mmol) 69-(hydroxymethyl)-mixture was stirred for 1 h at 255°C and then treated with 1.8 ml
6-(methylsulfonyloxymethyl)-2,29-bipyridine (3) in dry THF. The(23.1 mmol) of methanesulfonyl chloride (MsCl) in dry THF (30
mixture was stirred for 20 h at 245°C, then warmed slowly to 25°Cml). The color changed to light yellow. After 5 h at 250°C, the
and quenched with 5 ml water. The solvent was evaporated in va-solution was warmed up to 235°C and quenched with 10 ml of
cuo and the residue washed with CHCl3 to yield 2.19 g (57%) ofwater. The solvent was removed in vacuo (low temperature!). The
6, as a white solid with m.p. 1872189°C (1882190°C[17]). 2 1Hsolid was dissolved in 250 ml of CH2Cl2 and extracted with water
NMR ([D6]DMSO, 250 MHz): δ 5 4.65 (s, 3 H, 79,7999-H), 4.85 (s,(3 3 100 ml). The combined organic layers were dried (MgSO4)
2 H, 7,799-H), 7.53 (d, J 5 7.6, 1 H, 59,5999-H), 7.61 (d, J 5 7.6, 1and concentrated in vacuo. The crude product was purified by col-
H, 5,599-H), 7.93 (t, J 5 7.6, 1 H, 49,4999-H), 7.97 (t, J 5 7.6, 1 H,umn chromatography (SiO2, CH2Cl2/MeOH, 98:2) to yield 3.5 g
4,499-H), 8.23 (d, J 5 7.6, 1 H, 39,3999-H), 8.30 (d, J 5 7.6, 1 H,(65%) of 3, as a white solid with m.p. 1012103°C. 2 1H NMR
3,399-H). 2 MS (EI, 70 eV); m/z (%): 414 (7) [M1]. 2 C24H22N4O3(250 MHz): δ 5 3.11 (s, 3 H, 8-H), 4.83 (s, 2 H, 79-H), 5.31 (s, 2
(414.5): calcd. C 69.55, H 5.36, N 13.52; found: 69.19, H 5.64,H, 7-H), 7.29 (d, J 5 7.8, 1 H, 59-H), 7.51 (dd, J 5 7.9, 0.4, 1 H,
N 13.72.5-H), 7.85 (t, J 5 7.8, 1 H, 49-H), 7.91 (t, J 5 7.9, 1 H, 4-H), 8.34

(d, J 5 7.8, 1 H, 39-H), 8.43 (dd, J 5 7.9, 1 H, 3-H). 2 13C NMR 69 ,6999-Bis(formyl)-6,699-[oxybis(methylene)]bis[2,29-
(62.9 MHz): δ 5 37.85 (8-C), 63.94 (79-C), 71.55 (7-C), 119.53 (39- bipyridine] (7): A solution of 1.1 ml (12 mmol) of oxalyl chloride
C), 120.00 (3-C), 120.61 (59-C), 122.18 (5-C), 137.48 (49-C), 137.81 in dry CH2Cl2 (30 ml) was cooled down to 260°C under argon
(4-C), 152.87 (29-C), 153.91 (2-C), 155.27 (6-C), 58.53 (69-C). 2 and treated with 1.9 ml (25 mmol) of DMSO in 5 ml of CH2Cl2.
MS (EI, 70 eV); m/z (%): 294 (7) [M1]. 2 C13H14N2O4S (294.3): After 10 min 0.50 g (3.8 mmol) of 69,6999-bis(hydroxymethyl)-6,699-
calcd. C 53.05, H 4.79, N 9.52; found: C 53.44, H 4.61, N 9.37. [oxybis(methylene)]bis[2,29-bipyridine] (6) in 5 ml of DMSO was

added dropwise. The temperature was raised slowly to 230°C, the6-(Chloromethyl)-69-(hydroxymethyl)-2,29-bipyridine (4): A sus-
pension of 9.3 mmol of 69-(hydroxymethyl)-6-(lithiooxymethyl)- mixture stirred for 2 h and quenched with 10 ml of NEt3. The

Eur. J. Org. Chem. 1998, 257322581 2577
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solution was warmed to 20°C, treated with 40 ml of H2O and ex- [M1]. 2 C21H30N2O5S (422.5): calcd. C 59.72, H 7.17, N 6.63;

found: C 59.67, H 7.12, N 6.58.tracted with CH2Cl2 (2 3 100 ml). The combined organic layers
were dried (Na2SO4) and concentrated in vacuo. The crude product

6-(499-tert-Butyloxytetramethylen-199-oxymethyl)-69-(bromo-was washed with Et2O and recrystallized from MeOH to yield 400
methyl)-2,29-bipyridine (10): To a solution of 400 mg (1.0 mmol) ofmg (86%) of 7, as a white solid with m.p. 2002202°C (ref. [17]

6-(499-tert-butyloxytetramethylenoxymethyl)-69-(methylsulfonyl-2012203°C). 2 1H NMR (250 MHz): δ 5 4.94 (s, 4 H), 7.64 (d,
oxymethyl)-2,29-bipyridine (9) in 30 ml of THF was added 1.84 gJ 5 7.8, 2 H), 7.92 (t, J 5 7.8, 2 H), 7.97 (d, J 5 4.5, 4 H), 8.48
(21 mmol) of lithium bromide. The mixture was heated at 50°C for(d, J 5 7.8, 2 H), 8.68 (q, J 5 7.8, 2 H), 10.18 (s, 2 H). 2 13C
1 h and then concentrated in vacuo. The crude product was par-NMR (62.9 MHz): δ 5 73.93, 120.00, 121.40, 122.01, 125.24,
titioned between CHCl3 and saturated ammonium chloride solu-137.76, 137.84, 152.32, 154.37, 156.63, 158.05, 193.68. 2 MS (EI,
tion (1:1; each 100 ml). The aqueous solution was extracted with70 eV); m/z (%): 345 (100) [M1]. 2 C24H18N4O3 (410.4): calcd. C
CHCl3 (3 3 50 ml), and the combined organic layers dried70.23, H 4.42, N 13.65; found: C 69.89, H 4.18, N 13.77.
(MgSO4) and concentrated in vacuo. The crude product was puri-
fied by column chromatography (SiO2, CH2Cl2/MeOH, 98:2) to6-(4-tert-Butyloxytetramethylenoxymethyl)-69-(hydroxymethyl)-
yield 0.34 g (89%) of 10, as a white solid with m.p. 71273°C. 22,29-bipyridine (8): A solution of 14 g of 4-tert-butoxybutane-1-ol
1H NMR (300 MHz, 1H-1H COSY): δ 5 1.18 (s, 9 H, 699-H), 1.63(mixture with 1,4-bis-tert-butoxybutane, 45% 4-tert-butoxybutane-
(m, 2 H, 399-H), 1.72 (m, 2 H, 299-H), 3.38 (t, 2 H, J 5 6.3, 499-H),1-ol [24]) in 100 ml of THF was treated at 25°C with 4.1 ml (10.1
3.62 (t, 2 H, J 5 6.3, 199-H), 4.68 (s, 2 H, 7-H), 4.71 (s, 2 H, 79-mmol) of n-butyllithium (2.5  in hexane). The solution was then
H), 7.44 (d, 1 H, J 5 7.7, 5-H), 7.48 (d, 1 H, J 5 7.7, 59-H), 7.79warmed to 50°C for 15 min and then cooled to 0°C. A solution of
(t, 1 H, J 5 7.7, 4-H), 7.81 (t, 1 H, J 5 7.7, 49-H), 8.31 (d, 2 H,1.0 g (3.4 mmol) of 69-(hydroxymethyl)-6-(methylsulfonyloxyme-
J 5 7.7, 3,39-H). 2 13C NMR (75 MHz, 1H-13C COSY, SEFT,thyl)-2,29-bipyridine (3) in 100 ml of THF was added dropwise fol-
HMBC): δ 5 26.64 (299-C), 27.29 (399-C), 27.52 (699-C), 34.11 (7-lowed by stirring for 2 h at 25°C. The reaction was quenched with
C), 61.22 (499-C), 70.97 (199-C), 72.43 (599-C), 73.85 (79-C), 119.7510 ml of water and concentrated in vacuo. The crude product was
(39-C), 120.28 (3-C), 21.29 (59-C), 123.21 (5-C), 137.37 (49-C),dissolved in 100 ml of CHCl3, extracted with saturated ammonium
137.73 (4-C), 154.90 (29-C), 156.11 (2,6-C), 158.60 (69-C). 2 MSchloride solution (3 3 100 ml) and water (3 3 100 ml), dried
(EI, 70 eV); m/z (%): 408 (43%) [M1]. 2 C20H27BrN2O2 (407.4):(Na2SO4), and concentrated in vacuo. The excess of butane spacer
calcd. C. 58.96, H. 6.69, N. 6.99; found: C 59.03, H 6.76, N 6.80.was removed by kugelrohr distillation to yield 1.09 g (93%) of 8,

as a light colored oil. 2 1H NMR (300 MHz, 1H-1H COSY): δ 5 6-(499-tert-Butyloxytetramethylen-199-oxymethyl)-69-(iodo-
1.16 (s, 9 H, 699-H), 1.62 (m, 2 H, 399-H), 1.75 (m, 2 H, 299-H), 3.36 methyl)-2,29-bipyridine (11): To a solution of 300 mg (0.71 mmol)
(t, 2 H, J 5 6.3, 499-H), 3.60 (t, 2 H, J 5 6.3, 199-H), 4.03 (t, 1 H, of 6-(499-tert-butyloxy-tetramethylene-199-oxymethyl)-69-(methyl-
J 5 4.0, OH-H), 4.64 (s, 2 H, 7-H), 4.79 (t, 2 H, J 5 4.0, 79-H), sulfonyloxymethyl)-2,29-bipyridine (10) in 30 ml of THF was added
7.46 (d, 1 H, J 5 7.7, 5-H), 7.50 (d, 1 H, J 5 7.7, 59-H), 7.74 (t, 1 1.9 g (14.2 mmol) of lithium iodide. The mixture was heated at
H, J 5 7.7, 49-H), 7.77 (t, 1 H, J 5 7.7, 4-H), 8.27 (d, 2 H, J 5 50°C for 1 h and then concentrated in vacuo. The crude product
7.7, 3-H), 8.31 (d, 2 H, J 5 7.7, 39-H). 2 13C NMR (75 MHz, 1H- was partitioned between CHCl3 and saturated ammonium chloride
13C COSY, SEFT, HMBC): δ 5 26.68 (299-C), 27.33 (399-C), 27.50 solution (1:1; each 100 ml). The aqueous solution was extracted
(699-C), 61.30 (499-C), 63.90 (79-C), 71.00 (199-C), 72.48 (599-C), with CHCl3 (3 3 100 ml), the combined organic layers dried
73.90 (7-C), 119.40 (3-C), 119.80 (39-C), 120.28 (59-C), 121.32 (59- (MgSO4) and concentrated in vacuo. The crude product was puri-
C), 137.40 (4-C), 137.90 (49-C), 154.80 (29-C), 154.90 (2-C), 158.10 fied by column chromatography (SiO2, CHCl3/acetone/25% NH3,
(69-C), 158.70 (6-C). 2 MS (EI, 70 eV); m/z (%): 345 (100) [M1]. 10:1:0.012) to yield 290 mg (90%) of 11, as a white solid. 2 1H
2 C20H28N2O3 (344.5): calcd. C 69.73, H 8.21, N 8.13; found: C NMR (500 MHz): δ 5 1.18 (s, 9 H, 699-H), 1.6021.75 (m, 2 H,
69.61, H 8.11, N 8.00. 299,399-H), 3.38 (t, 2 H, J 5 6.4, 499-H), 3.62 (t, 2 H, J 5 6.4, 199-

H), 4.58 (s, 2 H, 79-H), 4.70 (s, 2 H, 7-H), 7.40 (d, 1 H, J 5 7.8,
6-(4-tert-Butyloxytetramethylenoxymethyl)-69-(methylsulfonyl- 5-H), 7.48 (d, 1 H, J 5 7.8, 59-H), 7.73 (t, 1 H, J 5 7.8, 4-H), 7.82

oxymethyl)-2,29-bipyridine (9): At 0°C 0.5 ml (6 mmol) of MsCl (t, 1 H, J 5 7.8, 49-H), 8.26 (d, 1 H, J 5 7.8, 3-H), 8.33 (d, 1 H,
and 1.6 ml (11 mmol) of NEt3 were added sequentially to a solution J 5 7.8, 39-H). 2 13C NMR (125.8 MHz): δ 5 6.7 (79-C), 26.7
of 0.50 g (1.5 mmol) of 6-(4-tert-butyloxytetramethylenoxymethyl)- (299-C), 27.4 (399-C), 27.6 (699-C), 61.3 (499-C), 71.0 (199-C), 72.5
69-(hydroxymethyl)-2,29-bipyridine (8) in 50 ml of CH2Cl2. After (599-C), 73.9 (7-C), 119.8 (39-C), 119.9 (3-C), 121.3 (59-C), 122.7 (5-
15 min the solution was warmed to 25°C and stirred for 45 min. C), 137.4 (49-C), 137. 7 (4-C), 155.0 (69-C), 156.0 (6-C), 157.6 (29-
The solution was washed with saturated ammonium chloride solu- C), 158.5 (2-C). MS (EI, 70 eV); m/z (%): 455.1 (77) [M1 1 H]. 2
tion (3 3 100 ml), dried (MgSO4) and concentrated in vacuo at C20H27N2O2I (454.4): calcd. C 52.86, H 6.00, N 6.17; found: C
30°C. The crude product was purified by column chromatography 52.92, H 6.06, N 6.30.
(SiO2, CH2Cl2/MeOH, 99:1) to yield 480 mg (79%) of 9, as a white,
easily decomposable solid with m.p. 41243°C. 2 1H NMR (300 69-(Chloromethyl)-6-(hydroxytetramethylen-oxymethyl)-2,29-bi-

pyridine (13): To a mixture of 60 ml of dioxane and 10 ml of 4 MHz, 1H-1H COSY): δ 5 1.18 (s, 9 H, 699-H), 1.66 (m, 2 H, 399-
H), 1.74 (m, 2 H, 299-H), 3.10 (s, 3 H, CH3S-H), 3.40 (t, 2 H, J 5 HCl was added 740 mg (1.82 mmol) of 69-(bromomethyl)-6-(499-

tert-butoxytetramethylen-199-oxymethyl)-2,29-bipyridine (10) and6.3, 499-H), 3.63 (t, 2 H, J 5 6.3, 199-H), 4.71 (s, 2 H, 79-H), 5.41
(s, 2 H, 7-H), 7.47 (d, 1 H, J 5 7.7, 5-H), 7.50 (d, 1 H, J 5 7.7, the mixture was refluxed for 3 h. The solvent was removed in va-

cuo, the residue was neutralized with 1  NaHCO3 solution and59-H), 7.82 (t, 1 H, J 5 7.7, 49-H), 7.86 (t, 1 H, J 5 7.7, 4-H), 8.28
(d, 2 H, J 5 7.7, 39-H), 8.42 (d, 2 H, J 5 7.7, 3-H). 2 13C NMR extracted with CH2Cl2 (3 3 50 ml). The combined layers were dried

(Na2SO4) and concentrated in vacuo. The crude product was puri-(75 MHz, 1H-13C COSY, SEFT, HMBC): δ 5 26.6 (299-C), 27.3
(399-C), 27.5 (699-C), 38.1 (CH3S), 61.2 (499-C), 71.0 (199-C), 71.8 fied by column chromatography (SiO2, CHCl3/acetone/25% NH3,

10:1:0.025) to yield 550 mg (98%) of 13, as an oil. 2 1H NMR (250(7-C), 72.4 (599-C), 73.8 (7-C), 119.6 (3-C), 121.0 (3-C), 121.5 (59-
C), 122.2 (5-C), 137.5 (49-C), 137.9 (4-C), 152.9 (2-C), 154.6 (29- MHz): δ 5 1.6921.80 (m, 4 H, 299,399-H), 2.21 (s, 1 H, OH-H),

3.6323.69 (m, 4 H, 199,299-H), 4.72 (s, 2 H, 7-H), 4.75 (s, 2 H, 79-C), 158.1 (6-C), 158.6 (69-C). 2 MS (EI, 70 eV); m/z (%): 423 (100)
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H), 7.46 (d, 1 H, J 5 7.7, 5-H or 59-H), 7.48 (d, 1 H, J 5 7.7, 5- (3 3 150 ml), dried (MgSO4), and concentrated in vacuo at 30°C.

The crude product was purified by column chromatography (SiO2,H or 59-H), 7.82 (t, 1 H, J 5 7.7, 4-H or 49-H), 7.83 (t, 1 H, J 5

7.7, 4-H or 49-H), 8.34 (d, 1 H, J 5 7.7, 3-H or 39-H), 8.35 (d, 1 CH2Cl2/MeOH, 98:2) to yield 980 mg (78%) of 16, as a viscous oil.
2 1H NMR (250 MHz): δ 5 3.05 (s, 3 H, SCH3-H), 3.36 (s, 3 H,H, J 5 7.7, 3-H or 39-H). 2 13C NMR (62.9 MHz): δ 5 26.8 (299-

C), 30.0 (399-C), 46.9 (79-C), 62.7 (499-C), 71.0 (199-C), 73.9 (7-C), 499-H), 3.54 (m, 2 H, 399-H), 3.75 (m, 2 H, 299-H), 4.78 (s, 2 H, 79-
H), 4.88 (s, 2 H, 199-H), 5.36 (s, 3 H, 7-H), 7.43 (dd, 1 H, J 5 7.8,119.9 (39-C), 120.4 (3-C), 121.4 (59-C), 122.6 (5-C), 137.5 (49-C),

137.8, (4-C), 155.1 (69-C), 155.7 (6-C), 156.0 (29-C), 158.0 (29-C).2 0.5, 5-H), 7.44 (dd, 1 H, J 5 7.8, 0.5, 59-H), 7.79 (t, 1 H, J 5 7.8,
4-H), 7.82 (t, 1 H, J 5 7.8, 49-H), 8.27 (dd, 1 H, J 5 7.8, 0.5, 3-MS (EI, 70 eV); m/z (%): 305 (43) [M1]. 2 C16H19ClN2O2 (306.8):

calcd. C 62.63, H 6.25, N 9.13; found: C 62.47, H 6.23, N 9.18. H), 8.44 (dd, 1 H, J 5 7.8, 0.5, 39-H). 2 13C NMR (62.9 MHz):
δ 5 37.96 (SCH3-C), 58.83 (499-C), 66.95 (399-C), 70.31 (299-C),

6-(499-Acetoxytetramethylen-199-oxymethyl)-69-(bromomethyl)- 71.60 (7-C), 71.70 (79-C), 95.27 (199-C), 119.59 (59-C), 120.89 (5-
2,29-bipyridine (14): To a solution of 120 ml of acetic acid and 8 ml C), 121.59 (39-C), 122.13 (3-C), 137.36 (49-C), 137.78 (4-C), 152.79
of HBr (48%) was added 700 mg (1.7 mmol) of 69-(bromomethyl)- (69-C), 154.62 (29-C), 155.86 (2-C), 157.66 (6-C). 2 MS (EI, 70 eV);
6-(499-tert-butoxytetramethylen-199-oxymethyl)-2,29-bipyridine m/z (%): 383 (100%) [M1 1 1]. 2 C17H22N2O6S (382.4): calcd. C
(10), and the mixture was stirred for 30 min at 25°C. The mixture 53.39, H 5.80, N 7.33; found: C 52.99, H 5.89, N 7.64.
was concentrated in vacuo and the liquid residue was neutralized

69-(Bromomethyl)-6-(methoxyethoxymethyloxymethyl)-2,29-bi-with 1  NaHCO3 solution. The aqueous solution was extracted
pyridine (17): To a solution of 500 mg (1.3 mmol) of 6-(methoxy-with CHCl3 (3 3 100 ml), the combined organic layers were dried
ethoxymethyloxymethyl)-69-(methylsulfonyloxymethyl)-2,29-bipy-(Na2SO4) and concentrated in vacuo. The crude product was puri-
ridine (16) in 40 ml of THF was added 2.52 g (29 mmol) of lithiumfied by column chromatography (SiO2, CHCl3/acetone/25% NH3,
bromide. The mixture was heated at 50°C for 1 h, concentrated25:1:0.012) to yield 550 mg (82%) of 14. 2 1H NMR (250 MHz,):
in vacuo and the crude product partitioned between CHCl3 andδ 5 1.7321.79 (m, 4 H, 299,399-H), 2.04 (s, 3 H, 6-H), 3.63 (t, 2 H,
saturated ammonium chloride solution (1:1; each 100 ml). TheJ 5 6.3, 199-H), 4.11 (t, 2 H, J 5 6.3, 499-H), 4.63 (s, 2 H, 79-H),
aqueous solution was extracted with CHCl3 (3 3 100 ml), the com-4.74 (s, 2 H, 7-H), 7.46 (d, 1 H, J 5 7.8, 5-H or 59-H), 7.49 (d, 1
bined organic layers were dried (MgSO4), and concentrated in va-H, J 5 7.8, 5-H or 59-H), 7.81 (t, 1 H, J 5 7.8, 49-H or 4-H), 7.86
cuo. The crude product was purified by column chromatography(t, 1 H, J 5 7.8, 49-H or 4-H), 8.35 (d, 2 H, J 5 7.8, 3,39-H). 2
(SiO2, CH2Cl2/MeOH, 98:2) to yield 420 mg (88%) of 17 as an oil.13C NMR (62.9 MHz): δ 5 20.96 (699-C), 25.50 (399-C), 26.27 (299-
2 1H NMR (250 MHz): δ 5 3.40 (s, 3 H, 499-H), 3.59 (m, 2 H,C), 34.05 (79-C), 64.26 (499-C), 70.46 (199-C), 73.70 (7-C), 120.03
399-H), 3.79 (m, 2 H, 299-H), 4.62 (s, 2 H, 79-H), 4.82 (s, 2 H, 7-(39-C), 120.46 (3-C), 121.42 (59-C), 123.42 (5-C), 137.79 (49-C),
H7), 4.92 (s, 2 H, 19-H), 7.43 (d, 1 H, J 5 7.8, 5-H), 7.46 (d, 1 H,137.86 (4-C), 154.69 (69-C), 155.50 (2-C), 156.22 (69-C), 158.17 (29-
J 5 7.8, 0.5, 59-H), 7.79 (t, 1 H, J 5 7.8, 4-H), 7.82 (t, 1 H, J 5C), 171.12 (599-C). 2 MS (EI, 70 eV); m/z (%): 390 (5) [M1 1 H].
7.8, 49-H), 8.35 (d, 1 H, J 5 7.8, 3-H), 8.36 (d, 1 H, J 5 7.8, 39-2 C18H21BrN2O3 (393.3): calcd. C 54.94, H 5.39, N 7.12; found:
H). 2 13C NMR (62.9 MHz): δ 5 34.09 (79-C), 58.96 (499-C), 67.06C 54.84, H 5.30, N 7.16.
(399-C), 70.49 (299-C), 71.73 (79-C), 95.39 (199-C), 119.87 (59-C),

69-(Hydroxymethyl)-6-(methoxyethoxymethyloxymethyl)-2,29- 120.31 (5-C), 121.51 (39-C), 123.27 (3-C), 137.39 (49-C), 137.74 (4-
bipyridine (15): A solution of 2.0 g (9.3 mmol) of 6,69-bis(hydroxy- C), 155.01 (69-C), 155.81 (29-C), 156.09 (2-C), 157.63 (6-C). 2 MS
methyl)-2,29-bipyridine (1) in 100 ml of THF was cooled to 260°C (EI, 70 eV); m/z (%): 367 (55%) [M1]. 2 C16H19BrN2O3 (367.2):
and treated dropwise with 3.7 ml n-butyllithium (2.5  in hexane). calcd. C 52.33, H 5.32, N 7.63; found: C 52.16, H 5.22, N 7.44.
After stirring for 1 h at 255°C, 1.06 ml (9.3 mmol) of methoxy- 69-(49999-tert-Butoxytetramethylen-19999-oxymethyl)-6999-methyl-
ethoxymethyl chloride (MEMCl) was added dropwise. The mixture 6,699-[oxybis(methylene)]bis[2,29-bipyridine] (19): A solution of
was warmed to 25°C during 12 h, quenched with water (5 ml) and 638 mg (3.19 mmol) of 6-(hydroxymethyl)-69-methyl-2,29-bipyri-
concentrated in vacuo. The residue was dissolved in CH2Cl2 (150 dine (18) in 100 ml of THF was treated under argon with 135.9 mg
ml), washed with water (3 3 50 ml), and dried (MgSO4). After (3.40 mmol) of NaH (60%). After stirring for 1 h, 1.18 g (2.90
concentration in vacuo, the crude product was purified by column mmol) of 69-(bromomethyl)-6-(499-tert-butoxytetramethylenoxyme-
chromatography (SiO2, CH2Cl2/MeOH, 98:2) to yield 1.55 g (55%) thyl)-2,29-bipyridine (10) was added and the mixture refluxed for
of 15, as a light colored oil. 2 1H NMR (250 MHz): δ 5 3.40 (s, 26 h. The solvent was removed in vacuo, the residue was dissolved
3 H, 499-H), 3.60 (m, 2 H, 399-H), 3.80 (m, 2 H, 299-H), 4.14 (s, b, in CHCl3 (200 ml), washed with water (3 3 150 ml), dried
1 H, OH-H), 4.83 (d, 2 H, 7-H), 4.93 (s, 2 H, 79-H), 4.94 (s, 2 H, (MgSO4), and concentrated in vacuo. The crude product was puri-
199-H), 7.24 (d, 1 H, J 5 7.8, 5-H), 7.47 (d, 1 H, J 5 7.8, 59-H), fied by column chromatography (SiO2, CH2Cl2/MeOH, 98:2) to
7.79 (t, 1 H, J 5 7.8, 4-H), 7.82 (t, 1 H, J 5 7.8, 49-H), 8.13 (d, 1 yield 1.44 g (94%) of 19, as a white solid. 2 1H NMR (300 MHz):
H, J 5 7.8, 3-H), 8.34 (d, 1 H, J 5 7.8, 39-H). 2 13C NMR (62.9 δ 5 1.18 (s, 9 H, 69999-H), 1.67 (m, 2 H, 39999-H), 1.75 (m, 2 H,
MHz): δ 5 58.93 (499-C), 63.94 (7-C), 67.05 (399-C), 70.46 (299-C), 29999-H), 2.63 (s, 3 H, 7999-H), 3.38 (t, 2 H, J 5 6.3, 49999-H), 3.62
71.71 (79-C), 95.38 (199-C), 119.54 (59-C), 119.75 (5-C), 120.31 (39- (t, 2 H, J 5 6.3, 19999-H), 4.72 (s, 2 H, 7-H), 4.91 (s, 4 H, 79,799-
C), 121.49 (39-C), 137.37 (49-C), 137.49 (49-C), 154.74 (69-C), H), 7.15 (d, 1 H, J 5 7.7, 5999-H), 7.47 (d, 1 H, J 5 7.7, 5-H), 7.57
154.93 (29-C), 157.73 (2-C), 158.17 (69-C). 2 MS (EI, 70 eV); m/z (m, 2 H, 59,599-H), 7.67 (t, 1 H, J 5 7.7, 4999-H), 7.78 (t, 1 H, J 5
(%): 305.1 (100) [M1 1 1]. 2 C16H20N2O4 (304.3): calcd. C 63.14, 7.7, 4-H), 7.83 (m, 2 H, 49,499-H), 8.19 (d, 1 H, J 5 7.7, 3999-H),
H 6.64, N 9.21; found: C 63.01, H 6.66, N 8.91. 8.29 (d, 1 H, J 5 7.7, 3-H), 8.31 (m, 2 H, 39,399-H). 2 13C NMR

(75 MHz): δ 5 24.66, 26.69, 27.35, 27.57, 61.29, 71.03, 72.48, 73.97,6-(Methoxyethoxymethyloxymethyl)-69-(methylsulfonyl-
74.00, 118.21, 119.68, 119.84, 121.12, 121.24, 123.20, 137.00,oxymethyl)-2,29-bipyridine (16): At 0°C 1.1 ml (13 mmol) of MsCl
137.36, 137.45, 155.39, 155.58, 155.63, 157.87, 157.90, 158.55. 2and 3.7 ml (26 mmol) of NEt3 were added sequentially to a solution
MS (FAB); m/z (%): 527 (100) [M1]. 2 C32H38N4O3 (526.7): calcd.of 1.00 g (3.3 mmol) of 69-(hydroxymethyl)-6-(methoxyethoxyme-
C 72.96, H 7.29, N 10.64; found: C 73.01, H 7.08, N 10.31.thyloxymethyl)-2,29-bipyridine (15) in 100 ml of CH2Cl2. After 30

min the solution was warmed to 25°C and stirred for 50 min. The 69-(Hydroxytetramethylenoxymethyl)-6999-methyl-6,699-[oxybis-
(methylene)]bis[2,299-bipyridine] (20): To a mixture of 100 ml ofsolution was washed with saturated ammonium chloride solution
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dioxane and 20 ml of 4  HCl was added 1.0 g (1.9 mmol) of 69- 61.27, 71.01, 73.95, 118.20, 119.68, 119.85, 121.10, 121.23, 121.29,

123.17, 136.96, 137.34, 137.43, 155.36, 155.52, 157.86, 158.54. 2(49999-tert-butoxytetramethylen-19999-oxymethyl)-6999-methyl-6,699-
[oxybis(methylene)]bis[2,29-bipyridine] (19) and the mixture re- MS (FD) m/z (%): 725 (100) [M1]. 2 C44H48N6O4 (724.9): calcd.

C 72.90, H 6.67, N 11.59; found: C 73.23, H 6.51, N 11.40.fluxed for 8 h. The solvent was removed in vacuo, the residue was
dissolved in CHCl3 (200 ml) and washed with water (3 3 100 ml),
dried (Na2SO4) and concentrated in vacuo. The crude product was [1] [1a] J.-M. Lehn, Angew. Chem. 1990, 102, 134721362; Angew.

Chem. Int. Ed. Eng. 1990, 29, 130421319. 2 [1b] J.-M. Lehn,purified by column chromatography (SiO2, CH2Cl2/MeOH, 99:1)
Supramolecular Chemistry 2 Concepts and Perspectives, VCH,to yield 840 mg (94%) of 20, as a white solid. 2 1H NMR (250
Weinheim, Germany, 1995. 2 [1c] G. M. Whitesides, J. P. Ma-MHz): δ 5 1.6621.83 (m, 4 H, 29999-H), 2.63 (s, 3 H, 7999-H), thias, C. T. Seto, Science 1991, 254, 131221319. 2 [1d] D. S.

3.3523.69 (m, 4 H, 19999,49999-H), 4.72 (s, 2 H, 7-H), 4.91 (s, 4 H, Lawrence, T. Jiang, M. Levett, Chem. Rev. 1995, 95,
222922260. 2 [1e] J.-M. Lehn, Science 1993, 260, 176221763.79,799-H), 7.15 (d, J 5 7.7, 1 H, 5999-H), 7.43 (d, J 5 7.7, 1 H, 5-

[2] [2a] J. M. Thomas, Angew. Chem. 1994, 106, 9632989; Angew.H), 7.52 (m, 2 H, 59,599-H), 7.67 (t, J 5 7.7, 1 H, 4999-H), 7.79 (t,
Chem. Int. Ed. Eng. 1994, 33, 9132937. 2 [2b] E. Monflier, E.J 5 7.7, 1 H, 4-H), 7.83 (m, 2 H, 49,499-H), 8.19 (d, J 5 7.7, 1 H, Blouet, Y. Barnaux, A. Mortreux, Angew. Chem. 1994, 106,

3999-H), 8.2928.37 (m, 3 H, 3,39,399-H). 2 13C NMR (62.9 MHz): 218322785; Angew. Chem. Int. Ed. Eng. 1994, 33, 210022102.
2 [2c] W. A. Herrmann, C. W. Kohlpaintner, Angew. Chem.δ 5 24.56, 26.56, 29.98, 62.56, 70.97, 73.97, 118.16, 119.60, 121.08,
1993, 105, 158821609; Angew. Chem. Int. Ed. Eng. 1993, 32,121.25, 123.16, 136.95, 137.40, 155.46, 155.81, 157.82, 157.93. 2
152421544.MS (FAB); m/z (%): 471 (12) [M1 1 1]. 2 C28H30N4O3 (470.6): [3] [3a] P. L. Boulas, M. Gómez-Kaifer, L. Echegoyen, Angew.

calcd. C 71.46, H 6.64, N 11.91; found: C 71.38, H 6.35, N 11.85. Chem. 1998, 110, 2262258; Angew. Chem. Int. Ed. Engl. 1998,
37, 2162247. 2 [3b] H. Sleiman, P. Baxter, J.-M. Lehn, K. Ris-69-(Bromomethyl)-6999-methyl-6,699-[oxybis(methylene)]- sanen, J. Chem. Soc., Chem. Commun. 1995, 7152716. 2 [3c] G.

bis[2,29-bipyridine] (22): To a solution of 3.0 g (14.9 mmol) of 6- S. Hanan, C. R. Arana, J.-M. Lehn, D. Fenske, Angew. Chem.
1995, 107, 119121193; Angew. Chem. Int. Ed. Engl. 1995, 34,(hydroxymethyl)-69-methyl-2,29-bipyridine (18) in 200 ml of THF
112221124. 2 [3d] K. T. Potts, M. Keshavarz-K, F. S. Tham, H.was added 400 mg (16.2 mmol) of NaH (97%) under argon. After
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