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Abstract: The synthesis of three heterocycles 1-3 presenting identical faces containing a hydrogen bonding code for 
self-assembly is described. Pytimidoquinazolinetetrone 1 and diaminqtyrimidoqttinlinedione 2 were approached 
using a double Chapman rearrangement fotlowed by closure to the double uracil-type structure 1. 
Diaminopytidoisoquinolincdione 3 was obtained in three steps from pymmellitic anhydride. 

The self-assembly of supramolecular structures1.2 via molecular recognition between complementary 

hydrogen bonding components has developed into a central theme for constructing well-defined arrangements of 

molecules in both the solid state3 and solution .4 The accessibility of a number of two-dimensional (e.g. 

ribbons,5apb tapes k and a rosette6) motifs has been demonstrated using the hydrogen bond as mediator for the 

association of the component molecules. Clearly the choices of molecular shape and size and especially the 

arrangement of hydrogen bonding sites are paramount to the correct tesseiation of a supratnolecular array. The 

buildup of two-dimensional and three-dimensional shapes requires the presence of two or three hydrogen 

bonding subunits whose disposition determines the final supramolecular architecture. To this end we have 

designed a series of planar heterocydic components containing two arrays of hydrogen bonding subunits that 

may form different assemblies depending on the encoded hydrogen bonding instruction. We present here the 

synthesis of three such molecules 1-3, containing the same two sequences of H-bonding sites on each side and 

which for this reason may be termed Janus molecules. 7 These compounds may be termed homotopic according 

to the designation of polytopic receptors. 8 They are also enantiotopic when considering chirality in two 

dimensionh.9 

Diaminopyritnidoquinalinedione 2 and its complement diaminopyridoisoquinolinedione 3 contain a 

matching pair of faces bearing acceptor-donor-donor hydrogen bonding recognition units that are reminiscent of 

the cytosine-guanine pair in which the disposition of hydrogen bond donors and acceptors avoids repulsive 

secondary electrostatic interactions10 and encodes a program for self-assembly.)) 
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Synthesis of pyrimidoisoquinazolinetetrone 1 and diaminopyrimidoisoquinazolinedione 2 

The chosen route is analogous IO known chemistry l2 and allowed construction of the symmetric tricyclic 

system around a central aromatic ring via intermediate bisuracil 1. This was particularly attractive since 1 is also 

of interest as a potential component of self-assembling systems. 

Dimethyl 4,6-dihydroxy-1,3-benzenedicarboxylate, 5. was synthesised from resorcinol by double 

carboxylation13 and esterification.14 N-(4-Dodecylphenyl)-N’,N’-dimethylurea 6 was prepared in 

straightforward fashion from 4-dodecyIaniline and converted quantitatively into the chloroamidine with 

phosphorous pentachloride in toluene. Coupling of the disc&urn salt of 5 with two equivalents of freshIy 

prepared chloroamidine proceeded in high yield to give unstable intermediate 7. This material rearranged slowly 

even at room temperature, and upon heating under argon at lOO- 14O’W the desired Chapman rearrangement took 

place to furnish bis(NJV-dimethylurea) 8. Acidic hydrolysis of 8 to diamine 915 was somewhat problematic but 

optimal conditions werte found which avoided intramokcular Ftiedel-Cra~s acylation. 

7y >3: 0) 

MeO*C C02Me 1 

Me2N 

NY 2 NH2 O 1 O 9 
(i) 2.1 eq NaH, THF then add 2.2 eq chlormidinc (93%); (ii) pcI5, F’hMc; (iii) lO@14O”c (7@74%); 
(iv) 1:l AcOH:MeOH, c. H2SO4 (86%); (v) CEONCO. CH2C12,o”C to r.t.. HgO (87%); (vi) AaH, 
THF. mflux (73%); (vii) KKZl3. Et9J’Ph, 100°C. Ih; (viii) NH3. MeOH. 1-f. to WC (52% over two 
slcps). 

scheme 1 

Ac>;lation of diamine 9 was achieved using chlorocarbonyl isocyanatetb which was found to give a 

cleaner maction than the more reactive chlorosulfonyl isocyanate. The product diurea was admixed with cu. 50% 

of the material which was cyelized on one side. After @cation by flash chromatography on silica gel the 

mixture was beated with acetic acid in THF to give clean cyclization to pyrimidoisoquinazolinetetrone 1.17 

Conversion of this key intermediate to the desired diaminopyrimidoisoquinazolindione 218 was effected by teflux 

in phosphorous oxychloride with N&diethylaniline as base and treatment of the dichloride with a saturated 

solution of ammXlia in methanol. 19 



Synfhesis of diaminopyridoisoquinolinedione 3 This compound was prepared from the m- 

pyromellitide 11 by analogy with the synthesis of 3-amino-l(ZH)-isoquinolines from phthalide*o (Scheme 2). 

Although the pyromellitides 10 and 11 are known compounds,21 we found them easier to obtain by direct 

reduction of pyromellitic anhydride in DMF, ** followed by either flash chromatography (SiO2. acetone: 

chloroform 1:9) or fractional crystallization (DMF-H20). The lactone function could then be opened with 

cyanide ion in DMSO.*b* *3 Diaminopyridoisoquinolinedione 324 was obtained by heating the product diacid 

with the appropriate Csubstituted aniline. One may envisage conversion of the p-pyromellitide 10 to 4 using a 

similar sequence. 
0 0 0 

opOo 

xx 

.I;0 + .I;0 

@ zx 
0 0 0 0 0 

la 11 

(ii), (iii) 

ij 4 AI 0 3 0 
(i) Naf)&, DMF, (l:l, 70%); (ii) KCN, DMSO, 18-crown-6, 1243°C (68-8340): (iii) 4-toluidine, 
PhCkDMSO. 9:l. 13OT (44-528. Ar = 4-methylphenyi). 

Scheme 2 

The synthesis of the Janus-type heterocycles l-3 exhibiting two encoded hydrogen bonding faces 

(reminiscent of those found in nucleic acids) opens the way to the study of their binding and self-assembly 

features. Heteroassembly of 2 with 3 should give a cyclic supramolecular structure (Figure, left) whereas 1 

would form linear (Figure, right) or wavy ribbons by interactions with 2,4,6&aminopyrimidine or triazine (see 

ref. 5a). These aspects are the subject of continuing investigation and will be presented elsewhere. 

Figure - D and A represent hydrogen bond donating and accepting sites. 
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