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The design of novel supramolecular materials requires the CSHm"“ﬁf o
synthesis of core modules capable of forming strong hydrogen oAy g oce NN et
bonds!—3 Despite the considerable progress achieved in recentyears, - [ | . | a\:l - 0N L
the synthesis of supramolecular polymers based on the self-assembly L. S A
of DDAA modules has been mainly restricted to the ureidopyri- csm’“‘lr"ﬁ\fo T M
midinones (UPy) reported by Meijer et #lIn view of the range © NNogyig Gofts ~Cathe

of properties required from supramolecular materials, there is clearly Figure 1. Hydrogen bonded dimers of functionalized cytosine.

a need for alternative strong quadruple hydrogen bonded modules,

which can be used in polymer or copolymer synthesis via the self- \

or hetero-association of complementary units. In addition, the UPy W(

modules can exist in three different tautomeric forms depending

on the environment, which can increase the complexity of the

species preseft:* Therefore, modules that do not undergo such

tautomeric changes are preferable for use in controlled material )[\/\

design. One approach to reduce the number of tautomers is by the ] ) )

replacement of NH moieties with CH groups, or NH with NR to  F9ure 2. Left: guadruple hydrogen bonding (dotted lines) in the X-ray
. : . . . structure ofl. Right: inter- and intramolecular-€H---O=C close contacts

give UPy-like modules. However, this can result in conformational (dotted lines).

flexibility in the ureido fragment between folded and unfolded

forms> Herein, we describe a new quadruple hydrogen bonding CeHra Cobhia .
le1, based ido-substituted cytosi iet PN TR C R
modulel, based on a ureido-substituted cytosine moiety. 0 G G N SVE.SWPLC L SO N NP WL s
Cytosine is well-known for its hydrogen bonding capabilities in P A oo
DNA and RNA, and numerous cytosine derivatives have been HoHono oo Hodoto
N o N_N_N_O N_N_N_O

triple hydrogen bonded systerffsCompoundl does not undergo N Gt 0 Ny 0 M
tautomeric exchange and is capable of a self-assembly via DDAA/

AADD interactions or hetero-assembly with another matching unit,
such as UPy. Conformationally, both foldetf)fc and unfolded 3.4 A of just the van der Waals radii) suggested that polymers based
(1) forms may exist (Figure 1), with the desired unfolded form on 1 may also be stabilized via stacking-type interactibns.
stabilized by strong quadruple hydrogen bonding on dimerization,  Similarities betweeA3C and!*N NMR chemical shifts in CDGI

reported for use in biological applicatidnsnd in self-assembling Ceta” YN\EN,? CH™ Y CH” W T
[¢] X
1

1. 1.2 2.2

Figure 3. Homo- and hetero-association dfand 2.

and possibly a weak intramolecular €B-+-O interaction. and the solid state indicated that the DDAA dimer was preserved
Compound1 was readily synthesized in three steph:-4- in CDClL. In particular, at C2, a chemical shift of 157.2 ppm in
acetylcytosine was reacted with bromohexane. Subsediaoetyl CDCl and 157.4 ppm in the solid state was observed, in agreement
deprotection using ammonia in methanol and reaction with hexyl with a hydrogen-bonded CO shift. By comparison, the folded
isocyanate gavé in 37% overall yield. Single-crystal XRD df monomerl’ in DMSO-dg with a free CO group showed a chemicall
(from chloroform) revealed the presence of quadruple hydrogen shift at C2 of 153.4 ppm. Thi#H NMR spectrum in CDGIshowed
bonding (Figure 2) with the outer hydrogen bondsit--O (d = protons 7-H and 9-H at 10.9 and 9.0 ppm, respectively, indicating

1.89(2) A,D = 2.724(2) A,0 = 172(2y) shorter than the inner  their involvement in hydrogen bonding. In addition, a positive NOE
N—H--:N (d = 2.29(2) A,D = 3.135(2) A,6 = 178(2)) bonds. was observed between 7-H and 9-H, which is expected for the linear
The side chain carbonyl and the €8 of the ring were nearly  arrangement of these protons in the unfolded ditn&(Figure 1).
planar with the measured geometry of the intramolecular interaction Strong dimerization ofl in CDCl; was also apparent from a

between C5-H:-O=C8 (d = 2.12(2) A,D = 2.773(2) A,0 = comparison of its diffusion coefficient with that of the UPy analogue
125(2¥) in agreement with that for a weak hydrogen bdnd. 2 (Figure 3): 6.0x 101°m2s1for1.1and 6.2x 1010 m2s?
addition, a short intermolecular distance betweer-86-0=C8 for 2.2 However, a small amount (5%, Figure 4a) of the folded

(d=2.22(2) A,D = 3.164(2) A6 = 161(2y) was observed which  dimer1'.1' was found in CDGJ (d5_1 = 6.10 ppm; for comparison,
appears to order the dimers into 1-D infinite chains. The 3.2 A §5_,; = 6.15 ppm in DMSOdg), in exchange withl.1 (35 1 =
interlayer separation of these chains (slightly less than the expected7.54 ppm). From variable temperatdté NMR measurements in
CDCl;, the free energies of activation were calculated to be 67

Iﬂﬂ:xg:z:g gfog%%‘fh';%‘gtgﬂ' and 60 kJ mol! for AG¥; ;.11 and AG¥y 11 4, respectively, at
5 AWE. the coalescence temperature of 320 K.
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1.1 1ipt currently underway aimed at the preparation of new polymers and
\ 11 N cyclic oligomers using bifunctional cytosines linked at either N9
1. 9H L1 (as in3) or N1.
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Figure 4. 'H NMR spectra in CDGlat 256 K of (a)1 and (b) a 1:1 mixture
of 1 and2. Low-temperature measurements were used for better resolution  |n summary, unlike other systems that do not possess a strong
of the NH peaks. intramolecular hydrogen borfdthe cytosine module described
above is capable of forming strong quadruple hydrogen bonding
Only the unfolded dimet.1was found in GDs, CsDsCDs, and and has potential for the construction of supramolecular arrays.
in the solid state. The concentration dependenck iaf'H NMR Other DNA bases may also be useful in supramolecular material
spectra was measured igl%. No chemical shift changes occurred  design; indeed guanidine-based modules have recently been re-
or new peaks appeared on dilution teBl. Assuming that at this ported!! Potentially, hydrogen bonding of cytosine and guanidine
concentration there is less than 10% dissociation not detected bymodules can be explored to generate novel supramolecular archi-
IH NMR (as in ref 3a), a lower limit of % 10° M~ was found tectures.

for the dimerization constantim) of 1 in CeDe.® Acknowledgment. We thank AWE for a studentship (V.G.H.L.)
Capacity of the new moduld to disrupt the strong UPYy  and EPSRC for provision of X-ray facilities.
dimerization was then explored in order to reveal its potential for

the construction of hetero-assembled supramolecular copolymers
In particular, the hetero-association band UPy2 (Figure 3) via
quadruple hydrogen bonding was examined.

Supporting Information Available: Experimental data fod, 3,
‘and 4 and description of NMR and XRD analyses. This material is
available free of charge via the Internet at http://pubs.acs.org.
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