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The synthesis of new framework structures containing
rigidly-linked pyrimidines suitable for uracil

hannaland TTaliare: Al oyt e

T guecnuum—t University Ys A\ua,m:um.pzuu, guc ens

Fax: +61 74930 9917; email: r.warrener@cqu.edu.au

Received 20 March 1998; accepted 21 April 1998

Fused norbornenes and tricyclo[4.2.2.12:5]undec-3,7,9-trienes containing 2,4-dichloropyrimidine and 2,4-
dimethoxy pyrimidine units are coupled with norbornadiene, benzonorbomadicnes and dimethoxynaphthaleno
norbornadienes using s-tetrazines or ACE coupling techniques to afford framework structures where different
geometrical interrelationships can be attained between the chromophores. © 1998 Elsevier Science Ltd. Ali rights
reservea.

JIY S = PP R S P

Keywords: cycioaddiiion; pyrinudines; stereochemisiry; epoxides

Uracil and cytosine, two naturally occurrmg pyrimidines, have major roles in
complementary recognition of nucleic acid purine bases through H- bondmg [2]. As such,
they are important targets in artificial systems seeking to mimic nature's H-bonding motifs
[3-5]. Accordmgly, these pyrimidine types have been specifically targeted for

incorporation into alkene building BLOCKs for use in coupling protocols developed
recently in our laboratory [6,7]. We now demonstrate the coupling profiles of new
pyrimidine BLOCKs and their application to the synthesis of ribbon systems typified by

their linkage to dime ethoxy ﬁaphthalenes a p}otog);pe chroméfp-hidre suitable for enérg_;;r
transfer studies [8]. Of course, linking to other effectors is feasible as instanced in some of
our recent work with crown ethers, porphyrins, ligands and their metal complexes [7].
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Two types of building BI JOCKs have been used in this study (Scheme 1). The first are
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the fused norbornenes 4 and 5, which contain the 2,4- dnmethoxy pynmldme ring. These
were prepared from the thermal addition of norbornadiene 3 to 2,4-dimethoxy-1,3-
diazaanthracene 1 using published methods [9]. The others are the tricyclo[4.2.2. 12, 5]

undec-3,7,9-trienes 7 and 8wnlcn are Iormea by photochemical addition of
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alkenes (Scheme 2) can Dartlcmate in ACE (Alkene plus Cyclobutene Epoxlde) couphng
[6] or s-tetrazine coupling [11] procedures, thereby opening opportunities for the
preparation of new framework structures containing naturally occurring pyrimidine
subunits linked to other effector groups.

ACE Coupling

ACE couolmg of norbornene A-BLOCKSs has established itself as a key method for the
stereocontrolled assembly of multi-functionalised framework structures. In the present
context, we show (Scheme 2, mode A) that the 2,4-dimethoxy pyrimidine component can
be delivered by the A-BLOCK 4 to the dlmethoxynaphthalene B-BLOCK 9 [6] under
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pnonocnemlcal conditions (acetone, 300 nm, 3h) t0 proviae e mixeg-coupiea proauct 1v+
{mp 256-260 °C, 64% isolated yield, TH NMR § -0.63 (d, J = 11.3 Hz, 1H), 1.38 (d, J = 9.2 Hz, 1H),
1.64 (d J; 11.3 Hz, 1H), 1.77 (m, 2H), 1.93 (s, 2H), 1.9 (s, 1H), 2.01 (s, 1H), 2.28 (s, 2H), 2.69 (d
= 9 , 1H), 3.55 (s, 2H), 3.92 (s, 3H), 3.95 (s, 9H), 3.957 (s, 3H), 3.963 (s, 3H), 4.22 (d, J = 2.5 Hz,
H), 4.44 (d, J = 2.5 Hz, 1H), 7.15 (m, 4H), 7.44 (m 2H), 8.06 (m, 2H)}.
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Further su for the structure of 10 comes from its separate synthesis by reaction of
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alkene 11 with the cyclobutene epoxide 12 (Schem 2, mode B) under thermal conditions
Hz, 1H), 0.95 (d, J = 12.3 Hz, 1H), 1.78 (m, 2H), 222 (s, 2H), 2.55 (s, 1H), 2.57 (s, 1H), 3.72 (s, 6H),
3.94 (s, 3H), 3.96 (s, 3H), 4.29 (d, J = 2.6 Hz, 1H), 4.52 (d, J = 2.6 Hz, 1H), 7.16 (m, 2H), 7.25 (m,
2H)} is prepared in two steps from 4 (Scheme 3).
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The ability of the m-bond of tricyclo[4.2.2.12:5 Jundeca-3-enes to undergo BLOCK
coupling was demonstrated by the formation of the pyrimidine-containing compounds 14a
mp 360-362 °C, 77% yield, 1H NMR 8§ 0.85 {d, J = 13.1 Hz, 1H), 1.42 (d,J = 9. 5 Hz, lH) 1.97 (m,
3H), 2.24 (m, 2H), 2.49 (m, 2H), 2.69 (d, J = 9.5 Hz, 1H), 3.58 (brs, 2H), 3.97 (s, 12H), 4.27 (d,J =9.3
I Ali compounds exhibited 3C NMR, MS and/or analytical data consistent with structure



Hz, 1H), 4.47 (d, J = 9.1 Hz, 1H), 7.20 (narrow m, 4H), 7.43 (m, 2H), 8.05 (m, 2H)} and 14b {43%
yield, TH NMR & 0.81 (d, J = 13.1 Hz, 1H), 1.42 (d, ] = 9.4 Hz, 1H), 1.94 (m, 1H), 2.03 (d, J = 7.1 Hz,
1H), 2.11 (d, J = 7.1 Hz, 1H), 2.22 (brs, 2H), 2.37 (m, 2H), 2.70 (d, J = 9.4 Hz, 1H), 3.63 (brs, 2H),
3.89 (s, 3H), 3.92 (s, 3H), 3.961 (s, 3H), 3.964 (s, 3H), 3.99 (s, 3H), 4.00 (s, 3H), 4.07 (d, J = 9.3 Hz,

iH), 430 (d, 1 =9.3 nz, m), 7.15 (narrow m, 4H). 7.45 (m, 2H), 8.07 (m, zu); by ACE coupling of
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s-Tetrazine buupung

Th norbornene 4 participates in the s-tetrazine reaction with alacrity even at room
temperature and bv conductine the reaction in the presence of triethvlamine, vields the
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dihydropyridazine 16 (Scheme 5). Coupling of 16 occurs with norbornadiene 3 under
high pressure (8 kbar) to form the exo-fused norbornene 17 {mp 279 °C, 68% yield, 1H NMR
8 -1.04 (d, J =12.3 Hz, 1H), 0.30 (d, J=12.3 Hz, 1H), 0.63 (d, J=9.0 Hz, 1H), 1.21 (d, J=9.0
Hz, 1H), 1.55 (s, 1H), 1.58 (s, 1H), 1.79 (m, 2H), 2.18 (s, 2H), 2.60 (s, 2H), 2.61 (s, 2H), 3.92 (s, 6H),

4.03 (u J=2.6 Hz, 1H), 4.27 (d, J = 2.6 Hz, 1H), 5.91 (s, 2H), 6.97 (narrow m, 4H), 7.33 (m, 2H),
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and 5, it was possible to form both stereoisomeric pyrimidines (combined yield 56%)
linked to a dimethoxynaphthalene unit by reaction with A-BLOCK 11
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Scheme 5
The extended-frame product 18 {mp 254-257 °C, iIH NMR § -1.00 (d, J = 11.9 Hz, 1H), 0.37
(d, =119 nz, iH), 0.96 (d, J = 10.4 Hz, 1H), 1.60 (s, 1H), 1.61 (d, J = 10.4 Hz, 1H), 1.63 (s, 1H),
1771 Im ALY D KT (¢ M 207 (o MY 218 (¢ O27HY 274 ¢ THY 274 f¢ THY 200 (¢ &Y A DD (4
1.710 A1 ra s }, L. DT \D, LXl]y LiTh \Oy &LI1)y J.10 Dy &hl]Jy J.77T \Oy JELJy J.TU 1Oy .).l.x}, J.FU Dy ULL)y, TUL 4,
J=2. Hz 1H), 4.26 (d, J = 2.5 Hz, 1H), 7.01 (narrow m, 4H), 7.41 (m, 4H), 7.98 (m, 4H) 8.70 (m,

2H), 8.81 (m, 2H)} was isolated by fractional crystallisation, while the bent-frame isomer 20
{mp 264-266 °C (decomp), 1H NMR & -0.42 (d, J = 12.3 Hz, 1H), 0.56 (d, J = 12.3 Hz, 1H), 0.97 (d,
1=9.7 Hz, 1H), 1.60 (brs, 2H), 1.75 (d, J =9.7 Hz, 1H), 1.76 (s, 1H), 1.82 (s, 1H), 2.53 (d, ] =9.1
Hz, 1H), 2.61 (d, J=8.9 Hz, 1H), 2.93 (d, J=9.1 Hz, 1H), 2.99 (d, J =8.9 Hz, 1H), 3.13 (s, 1H),
3.18 (s, 1H), 3.72 (s, 3H), 3.76 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 4.01 (brs 1H), 4.29 (brs, 1H), 7.01
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(m, 2H), 7.11 (m, 2H), 7.40 (m, 4H), 7.99 (m, 4H), 8.82 (m, 4H)} with orthogonally-related
chromophores was separated by reverse phase HPLC (C18 NOVA pack, MeOH, Hy0=90:10).
In contrast with norbornene 4, the m-bonds of the tricyclo[4.2.2. 12.5]undeca-3-ene 7
and 8 are far less reactive towards 3,6-(di-2-pyridyl)-s-tetrazine 15 [12] and the required
urs t on
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heating under reflux in methylene chloride for 24 hours to achieve convers to the
dihydropyridazine 21; this reaction was conducted in the presence of memylarmne 1o
avoid prototropic isomerisation of 21 to the deconjugated 1,4-isomer. Pressurising 21
with norbornadiene 3 (14 kbar, 12 h, RT) gave the coupled az o-bri ridged product 22 {mp 264-

265 °C, 62% yield, TH NMR 8 0.43 (d, J = 14.1 Hz, 1H), 0.70 (d, J 9.2 Hz, 1H), 0.85 (m, 1H), 1.27
(d, J =9.2 Hz, 1H), 2.16 (m, 2H), 2.21 (brs, 2H), 2.42 (brs, 2H), 2.78 (m, 2H), 4.09 (d, ] = 9.3 Hz, 1H),
4.29 (d, ] =9.3 Hz, 1H), 5.92 (brs, 2H), 6.99 (m 2H) 7.09 (m 2H) 7.37 (m, 2H), 7.92 (m, 2H), 8.59
(m, 2H), 8.87 (m, 2H)} (Scheme 5). A similar coupling of naphthalenonorbornadiene 11
with B-BLOCK 21 leads to 23 {mp 327-328 °C, 62% yield, IH NMR & 0.46 (d, J = 14.0 Hz, 1H),
0.89 (m, 1H), 1.03 (d, J =10.7 Hz, 1H), 1.67 (d, J=10.7 Hz, 1H), 2.20 (m, 2H), 2.69 (d, ] = 8.5
Hz, 1H), 2.78 (d, J = 8.5 Hz, 1H), 2.83 (s, 2H), 3.16 (s, 2H), 3.66 (s, 3H), 3.71 (s, 3H), 4.04 (d,
J=9.4 Hz, 1H), 4.25 (d, ] =9.4 Hz, 1H), 7.00 (m, 2H), 7.10 (m, 2H), 7.38 (m, 2H), 7.43 (m, 2H),
7.99 (m, 4H), 8.73 (m, 2H), 8.87 (m, 2H)} where the pyrimidine is linked to the
dimethoxynaphthalene chromophore.
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Hydrolysis: Prelzmmary Results
YV mll e d o _annlcs MY MNME e o zasmcaminad e s alanwbhilian AlqemTanamsnntn ~F ¢l
uracii d4iid DleSlﬂc DLUCURKYS Cdll OC PlCPdlCU Uy 11 LlCUPlullb uxbpmucu CULd U1 U
chlorine substituents in BLOCK 8, uowever, these products have poor solubility, so it is
preferable to conduct the functional group interchanges after coupling has been completed.

C
Thus, reaction of the linked dlchloropyrnmdlnc 14a with alkali produces the linked uracil
derivative 14c; in this case, the ester groups are also hydrolysed in the course of reaction.
The azo- brldged product 22 which lacks the ester groups is converted to the uracil 24 by
base hydroly51s thls ume without secondary group modification. Other studies in this
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