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Zwitterionic triple and quadruple hydrogen-bonding heterocyclic modules based on an easily accessible
deazapterin scaffold are reported. The solid-state structure of 3H-bonding zwitterionic molecules
revealed the formation of various hydrogen-bonded 1D chains composed of water, methanol, or a chlor-
ide anion, depending on the extent of protonation. The association of newly designed AAD and AADA (D
= hydrogen-bond donor, A = hydrogen-bond acceptor) zwitterionic monomers was studied in solution
to identify complementary partners and to evaluate binding strength. Both AAD and AADA motifs form
3H-bonded dimers after the addition of half an equivalent of acid, representing a negatively-charged ana-
logue of the C—C* pair in naturally occurring DNA i-motifs. The protonation of the AADA motif with
hydrochloric acid converts it into a non-H-bonding form where the urea moiety is complexed with the
chloride anion. The exchange of chloride with non-nucleophilic anions unlocks the rotation of the urea
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Introduction

Hydrogen-bonding (H-bonding) motifs serve as the corner-
stone of supramolecular chemistry, enabling the formation of
dynamic, complex and functional molecular systems through
non-covalent interactions." Since an individual H-bond is not
sufficiently strong for precise positioning and holding mole-
cular components in supramolecular assemblies, a collection
of H-bond donors (D) and acceptors (A) forming a multipoint
array is used instead.” Such arrays are typically represented by
heterocyclic scaffolds featuring additional polarised N-H and/
or O-H bonds. The five main natural nucleobases adenine,
cytosine, guanine, thymine and uracil that mediate the self-
assembly of DNA are perhaps the most iconic examples of
H-bonding motifs.> To achieve the full complementarity
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group, resulting in the formation of the ADDA-DAAD heterocomplex with 2,7-diamido-1,8-

between the motifs, the complete planarity of the array is often
necessary. Planarisation through intramolecular H-bonding
proved to be a very efficient way to pre-organise the array by
constraining flexibility, which reduces the energy required to
adopt the correct binding conformation. This is especially
important for systems where part of the D and A sites is resid-
ing in peripheral substituents, such as urea or amide moieties.

Different rotamers represent different H-bonding arrays,
each stabilised by internal H-bonding and arising from the
rotation of these groups, with their proportion depending on
the  chemical environment or binding  partner.
Tautomerisation, where D and A sites are swapped by the relo-
cation of the H-atom, is yet another process determining the
identity of the H-bonding motif.* Such dynamic behaviour can
be explored to design complex responsive supramolecular
systems with interchangeable geometries.’

Among all H-bonding motifs, the arrays representing 3H-
bonding are special, as they are easy to access synthetically,
though they possess an odd number of H-bond donors and
acceptors; the latter feature prevents their full self-complemen-
tarity, and only part of the A and D can engage in H-bonding,
resulting in weaker assemblies. To cope with this limitation,
we recently explored the tautomerisation phenomenon using
the isocytosine heterocycle as a model. In so-called tautoleptic
aggregation, the only possible 2H self-association is trans-
formed into fully saturated 3H-bonding via tautomerization of
one of the isocytosines binding partners (Fig. 1a).** Since such
dimers also create the complementary 2H-bonding interface

Org. Chem. Front.


http://rsc.li/frontiers-organic
http://orcid.org/0000-0002-4924-831X
http://orcid.org/0000-0003-1643-7373
http://orcid.org/0000-0001-9089-9643
http://orcid.org/0000-0002-7282-8419
http://orcid.org/0000-0002-7257-5634
https://doi.org/10.1039/d5qo00874c
https://doi.org/10.1039/d5qo00874c
https://doi.org/10.1039/d5qo00874c
http://crossmark.crossref.org/dialog/?doi=10.1039/d5qo00874c&domain=pdf&date_stamp=2025-07-18
https://doi.org/10.1039/d5qo00874c
https://pubs.rsc.org/en/journals/journal/QO

Published on 21 July 2025. Downloaded by Y unnan University on 8/1/2025 2:18:50 AM.

Research Article

a b Full b c*-Cbase pair
complementarity complementarity
i
N N H
] H !
T NG-N O‘(
Noyy / IZ/ H,
T T Bk N
o I H, O @H ~
A o, M. N M
‘N o] \ =0
oA NN N
i i o
H
[4
O
S
N__N. N
S H, o n. Jl
N, ‘IO i NN
{ > H.
o, N e o
(IRSS NN
~ N 1
N N H
x ZIC ZUPy
pH-controlled New DAA motif New 4H-b<(;nding
dimerisation moti
Tautomer/Rotamer
preference
d EtO___OFEt
(] EtO \g/
HN n-BuNCO
)\)i @ﬁi@ )Yj
H,;N7 SNTSNH - AcOH THF
2 .
61% 0% H. /g
/\) N ()
1 ZIC E'iu ZUPy

Fig. 1 Achieving full complementarity in 3H-bonding motifs through
tautomeric equilibrium (a) or partial protonation (b); (c) possible design
and applications of zwitterionic 3H- and 4H-bonding motifs; (d) syn-
thesis of zwitterionic motifs.

perpendicular to 3H-bonding, it can be utilised in the assem-
bly of supramolecular polymers with intriguing geometries.*®
Another way to achieve maximum utility of all H-bonding sites
involves ionisation of the 3H-bonding unit. Nature is taking
advantage of this strategy in cytidine-rich i-motifs (interca-
lated-motif)® where hemi-protonation of cytidines at low pH
leads to the formation of 3H-bonded C-C* dimers with stabi-
lities (—169.7 k] mol™) exceeding that of the canonical guani-
dine-cytidine pair (—=96.6 k] mol™).”

Herein, we describe our efforts in generalising the concept
of ionised H-bonding motifs of multiple valencies by introdu-
cing zwitterionic analogues of isocytosine and of the most uti-
lised 4H-bonding motif, Meijer's ureidopyrimidinone
(Fig. 1c).® We reasoned that the isocytosine ring, possessing a
negative charge delocalised over the lactam moiety (ie., the
NH-CO fragment), would create a new DAA motif complemen-
tary to the protonated version of itself. This could open the
possibilities for pH-responsive self-association or introducing
a new module for DAA-AAD heterocomplexation.” The recent
report on the incorporation of non-natural acidic nitro-substi-
tuted cytosine that forms a complementary pair under basic
conditions into oligonucleotide structure further highlights
the potential of such motifs.'® Applying the same logic to the
4H-bonding unit would not only provide a new DDAA unit that
is negatively charged and sensitive to pH, but it would also
give us a model system to study the distribution of rotamers
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and tautomers and how that affects the self-assembly. The dis-
covery of H-bonding arrays with high binding fidelity is essen-
tial in achieving the orthogonality required for the assembly of
complex supramolecular networks.’»®#**'? In this context, new
charged motifs would open new perspectives to endow these
systems with stimuli-responsive fidelity and consequently,
dynamicity.

Results and discussion

To implement zwitterionic modules, we selected isocytosine
derivatives fused with the pyridine ring. Deprotonation of the
isocytosine would result in a negatively charged unit, whereas
alkylation of the pyridine ring would introduce the positive
charge. The synthesis of 3H-bonding zwitterionic isocytosine
(ZIC) and the corresponding 4H-bonding ureidopyrimidinone
(ZUPy) is outlined in Fig. 1d. The modified Bernetti synthesis"’
toward N5-deazapterins was developed based on 2-amino-6-
(butylamino)pyrimidin-4-ol 1 and malonaldehyde bis(diethyl-
acetal). A one-step condensation reaction in acetic acid
afforded ZIC in good yield. Treatment of ZIC with butyl isocya-
nate in THF gave ZUPy in 60% yield. The n-butyl chain was
sufficient to provide adequate solubility of the target com-
pounds in a range of solvents, including chloroform.

To confirm the molecular structure of ZIC, the crystals were
grown by slow evaporation of a methanol solution of ZIC. The
inspection of the X-ray structure, however, revealed peculiar
structural features (Fig. 2). Unexpectedly, the ZIC was found to
co-crystallise as methanol solvates of both the neutral hydrate
(ZIC-H,0) and the HCI salt (ZIC-HCI) in a 1:1 ratio. The com-
pounds formed a symmetric 3H-bonded dimer composed of
zwitterionic ZIC and its protonated counterpart.

The crystal is nevertheless centrosymmetric, indicated by
the averaged structure of the dimer with the central proton
equally distributed on both ZIC molecules (Fig. 2a). The dimer
observed represents the negative analogue of the C-C" pair
found in i-motifs.

The H-bonded dimers form stacks with 3.2 A distance
between the aromatic rings, indicating n-n interactions. The
outer hydrogen atom of the amino group not involved in the
dimer serves as a donor for H-bonding with chloride anions
and water molecules. Finally, the methanol molecule bridges
the gap between the chloride and water with two additional
H-bonds into a 1D (---CH30H---H,0O---CH30H---Cl--+),, chain.
The non-polar part of the chain (CH; groups of CH3;0H) is
further accommodated in a hydrophobic channel formed by
the butyl substituents from two adjacent H-bonded stacks
(Fig. 2b-d).

The presence of a protonated ZIC form in the solid state
was surprising since no hydrochloric acid was used in the syn-
thesis. A control experiment indicated that the most likely
source of chloride was tap water used for workup and extrac-
tion. The high affinity of ZIC for chloride was demonstrated by
quantitative analysis of the tap water treated sample, which
showed 1 wt% of chloride (5.2 wt% corresponds to a pure
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Fig. 2 (a) Structural parameters of ZIC-ZIC HCl 3H-bonded dimer; (b)
top view of the channels; (c) side view of the stack of ZIC-ZIC HCl pair
together with 1D (-CH3;OH-H,O-CH3zOH-Cl7), chain; (d) close-up
view of the 1D chain with H-bonded ZIC molecules.

ZIC : ZIC-HCI dimer). The ZIC : ZIC-HCI having the lowest solu-
bility most likely aids in it being preferentially crystallised out
from solution.

Nevertheless, the pure zwitterionic form of ZIC could be
obtained using distilled water, with single crystals suitable for
SCXRD being grown from MeOH/ethyl acetate (Fig. 3). The
crystals of the trigonal R3 space group displayed a porous
structure with two channels of opposite polarity (Fig. 3a). The
hydrophilic channel is formed by the exposed NH,, C=N, and
C=0 groups in the polar edges of three isocytosine rings
along the crystal c-axis held in place by additional head-to-tail
n-7 stacking with the aromatic system of another ZIC mole-
cule. This channel is filled with water with the amino and car-
bonyl groups forming H-bonds with oxygen and hydrogen
atoms of the water molecules, respectively. This results in a
helical arrangement of water molecules within the chain, with
three H,O molecules completing the full turn (Fig. 3b). The
n-7 stacking of the aromatic rings around the polar channel
leads to a hexagonal arrangement of ZIC molecules with non-
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Fig. 3 (a) Top view of hydrophobic (blue hexagon) and hydrophilic (red
hexagon) channels in ZIC; (b) side view 1D H,O helix within hydrophilic
channel; (c) top view space filling structure of hydrophobic channel.

polar alkyl chains filling the internal space. The so-formed
hydrophobic pores have a diameter of around 1.5 A (Fig. 3c).

Intrigued by the above intricate packing and inclusion pat-
terns, we also sought to prepare the protonated analogue of
ZIC. After treating the latter with a methanolic HCI solution
and triturating with diethyl ether, ZIC-HCl was obtained in
80% yield, and with single crystals grown from methanol
(Fig. 4). The crystal structure features n-n stacked ZIC-HCI
molecules providing a polar environment for coordination of
water molecules and chloride anions (Fig. 4b). Two pairs of
centrosymmetrically related stacks accommodate two alternat-
ing (Cl---H,O-+),, 1D chains (Fig. 4a). The amino group forms
bifurcated hydrogen bonds with the oxygen atom of the water
molecule in one chain and the chloride anion in the other.
Moreover, interaction with chloride ion is reinforced with an
additional H-bond with the lactam N-H bond. A water mole-
cule connects two neighbouring chloride
H-bonding. Two additional ZIC stacks facing the above chains
with pyridinium rings provide additional interactions with the
chloride ions. They are nested on the aromatic surface of these
rings by electrostatic and, most likely, anion-n interactions
(Fig. 4c)."*

We further explored the potential of ZIC as a new DAA
motif in heterocomplexation studies in solution. Since solid-
state analysis convincingly demonstrated dimerisation of
hemi-protonated ZIC, we selected isocytosine IC as the ADD
counterpart (Fig. 5). The spectrum of ZIC in ds-DMSO displays
well-defined resonances for pyridinium aromatic protons and

anions via
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Fig. 4 Side view (a) and top view (b) of (H,O—-Cl7), 1D chains within the
channels in ZIC-HCL; (c) non-covalent interactions stabilising (H,O-
Cl7), chains.

two broadened resonances for the NH, group. The splitting of
the latter resonances is caused by DMSO complexation and
restricted rotation of the NH, group. In comparison, the NH,
resonances in CDCl; are not visible due to a fast exchange with
water molecules (Fig. 5a). The addition of an equimolar
amount of IC resulted in a new set of resonances indicating
complexation. Unfortunately, due to the broadening of some
resonances, the full assignment of all N-H signals was not
possible even at 248 K (Fig. S10t). The low-temperature experi-
ment also served as indirect evidence for hetero-complexation,
as moderately soluble ZIC was retained in solution upon
complex formation with “greasy” IC. Diffusion-ordered spec-
troscopy (DOSY) also corroborated the formation of complex
evidenced by significant decrease in diffusion coefficient from
D=7.7x10"""m? s~ for free ZIC to D = 3.7 x 10~ "° m* s™* for
IC: ZIC complex (Fig. S6 and S9t). The NMR titration experi-
ment was performed and analysed using a 1:1 binding iso-
therm to give an association constant (Kssoc) Of (3.8 + 0.9) x
10* M™! (Fig. 5b). This value is comparable with other DDA~
AAD systems (Kassoc = 10°-10° M) reported in literature.”

As an alternative to isocytosine, in which only the H[3] tau-
tomer serves as a DDA module, we synthesised ureidobenzimi-
dazole (UBIM) with a conformer-independent DDA H-bonding
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Fig. 5 (a) *H NMR spectra of ZIC in dg-DMSO (top) and CDCl; (bottom);
(b) *H NMR titration experiment of IC : ZIC complex; (c) *H NMR (CDCls)
spectrum of heterocomplex UBIM : ZIC.

array (Fig. 5¢)."> Mixing ZIC with UBIM in CDCl; in a 1: 1 ratio
(12 mM) resulted in complete dissolution of otherwise in-
soluble UBIM. The "H NMR spectrum displays one set of reso-
nances, with all the N-H atoms being observed. Due to the low
solubility of UBIM, the precise estimation of K, Was not
possible; however, dilution of a 1:1 complex solution below
1.0 mM caused its full dissociation, providing a rough Kassoc
estimate of ~10° M™'. Thus, the positive effect of intra-
molecular H-bonding in UBIM, which preorganises the DDA
array, is likely offset by a less optimal geometry caused by the
five-membered imidazole ring.

The zwitterionic quadruple H-bonding unit ZUPy was inves-
tigated next. The "H NMR spectrum in CDCl; agreed well with
the proposed structure, with two N-H resonances identified by
proton exchange with CD;OD and the 'H-">C HSQC experi-
ment (Fig. 6a). Unfortunately, the localisation of negative
charge could not be determined unambiguously in solution.
On the other hand, crystallisation of ZUPy from solvents of
different polarities, such as dichloromethane and methanol
provided structures with ADAA motif (Fig. 6c). The ZUPy in
crystals obtained from methanol acquires the rotamer in
which an internal H-bond is formed between urea terminal
nitrogen and N1 nitrogen of the isocytosine ring. The stacks of

This journal is © the Partner Organisations 2025
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(H20) (c), ZUPy (CH,Cl,) (d) and ZUPy-HCl (e) with the lengths of selected bonds indicated.

ZUPy in the crystal are connected via two molecules of water
that are H-bonded to the carbonyl oxygen of one ZUPy molecule
and to the N=—C and N-H groups of the other molecule
(Fig. 6¢). On the other hand, the crystal structure of ZUPy crystal-
lised from dichloromethane features 2H-bonding between urea
moieties, while dichloromethane molecules are connected via
C-H H-bonds to the carbonyl groups of the urea and isocyto-
sine, as well as the N3 atom. To gain an insight into the distri-
bution of the negative charge, a control sample of ZUPy-HCI was
prepared by protonation, and its structure determined by
SCXRD (Fig. 6b and e). Interestingly, ZUPy-HCI crystallises as
the H[3] tautomer, stabilised by an intramolecular H-bond
between the urea carbonyl group and the N3-H bond. The selec-
tion of this rotamer is perhaps determined by the bifurcated
H-bonds formed between the urea moiety and the chloride
counterion. Finally, a pair of C-H---O=C H-bonds are estab-
lished between two molecules. The same form of ZUPy-HCI is
also observed in CDCl;, as confirmed by the >N shift § =
147 ppm, characteristic of the H[3] tautomer and ROESY cross-
peaks between urea N-H bonds (Fig. 6b).>*?

This journal is © the Partner Organisations 2025

Analysis of the bond lengths in ZUPy crystals obtained from
methanol suggested the delocalisation of the negative charge
over both isocytosine nitrogen atoms and, to some degree, the
cytosine carbonyl group. Specifically, the N1-C2 bond (1.345(2)
A) was significantly longer than the N1-C2 double bond in the
ZUPy-HCI reference (1.315(2) A). Likewise, the C2-N3 (1.341(2)
A) bond was also longer than expected for a C=N double bond
(Fig. 6¢ and e). Contrary, shortening of the N3-C3 bond (1.356
(1) A vs. 1.378(2) A in ZUPy-HCI) and lengthening of the C=0
bond (1.242(2) A vs. 1.219(2) A in ZUPy-HCI) point toward
partial delocalisation of the electron density on the carbonyl
group. Interestingly, the distribution of the electron density in
dichloromethane solvate was found to be different. The rela-
tively short C2-N3 (1.322(3) A) and long C3-N3 (1.378(4) A)
bonds clearly indicate the localisation of the negative charge
on the N1 atom.

To probe the heterocomplexation properties of the newly
obtained AADA module, the complementary unit pyridylurea
amide PyAU was selected (Fig. 7). As was shown in previous
studies on structurally related compounds, heterocyclic ureas
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in solution prefer a folded form stabilised by intramolecular
H-bonds."® We have confirmed this via the SCXRD structure of
PyAU (Fig. 7). Upon exposure to the AADA motif, unfolding of
PyAU and heterocomplex formation are anticipated. Mixing
ZUPy and PyAU in a 1:1 ratio in CDCl; (61 mM) resulted in a
new single set of resonances consistent with the AADA-DDAD
heterodimer. Despite the formation of quadruple H-bonds, the
complex was moderately stable, and dilution of the solution to
1.35 mM resulted in full dissociation. The results provided an
approximate estimate of Kyssoc Of 10> M™'. Compared to a few
structurally unrelated AADA motifs reported in literature, the
low association constant (<900 M™') seems to be a rule rather
than an exception for this system.'” The increase of the
H-bonding acceptor strength by introducing the negative
charge on the nitrogen atom thus provides little improvement
in binding strength.

The pH sensitivity of ZUPy was further employed in prepar-
ing a complex between ZUPy and ZUPy-HCI by the addition of
half an equivalent of HCl. The emergence of the new set of
broad resonances and the absence of the resonances of indi-
vidual components suggested the formation of a heterodimer
(Fig. 8). To aid the characterisation, the sample was cooled to
235 K. The sharp resonances obtained allowed the assignment
of all H-bond donors to N-H groups using the 'H-">N HSQC
spectrum, ruling out the presence of the enolic form. The
chemical exchange between monomers, unfortunately, pre-
vented full characterisation (Fig. S27 and S287t). Nevertheless,
the spectral data was consistent with the formation of a 3H-
bonded complex utilising the H[3] tautomer with urea groups
forming intramolecular H-bonds to N1. The ZUPy-ZUPy-HCl
structure therefore mimics the behaviour of the ZIC-ZIC-HCI
pair, with the added advantage of more convenient functiona-
lisation of the monomer via a urea handle.

It was possible that the protonated version of the H[3] tau-
tomer of ZUPy might demonstrate the ADDA motif in one of
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the rotamers. We therefore attempted the complexation of
ZUPy-HCI with the commonly utilised DAAD naphthyridine
diamide module-DAN."® Surprisingly, no complex formation
was observed in CDCl; (Fig. S301). We reasoned that energeti-
cally favourable complexation of Cl™ anions by the urea group
prevents its rotation to establish an intermolecular H-bond. To
test this assumption, the chloride anion in ZUPy-HCl was
exchanged with [N(SO,CF;),]” (NTf,”) using AgNTf,, which
resulted in the formation of the desired complex (Fig. 9).
Adding 1.5 equivalents of cetyltrimethylammonium chloride
(CTAC) to the above solution disrupted the complex and
resulted in a spectral pattern identical to CI~ coordinated
monomeric ZUPy-HCL

It should be noted that in addition to its response upon
changing the counterion, ZUPy-HCI also displays perfect ortho-
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gonality to classical Meijer’s UPys, as revealed by narcissistic
self-sorting of their mixture (Fig. $S297).

Given the well-known fact that 6-amino-substituted ureido-
pyrimidinones exist in the 4H-bonding ADAD enol form'®”
and considering that the alkylated pyridine ring is activated
for reduction, we devised a scheme where the H-bonding
monomer would change its binding properties as a result of a
chemical transformation (Scheme 1). Treating the ZUPy with
dihydrogen in the presence of a Pd/C catalyst, converted ZUPy
into UPy-6N in good yield. By performing dilution and temp-
erature titrations we confirmed that UPy-6N forms very stable
dimers in the enolic form (Fig. S34 and S35f). To recover
ZUPy, UPy-6N was treated with chloranil. This redox-responsive
H-bonding module has great potential and might find even
broader applications in smart materials, especially when
coupled with milder photoredox processes.

Conclusions

The development of zwitterionic isocytosine and ureidopyrimi-
dinone derivatives introduces a versatile and responsive class
of building blocks for both solid- and solution-phase supramo-
lecular chemistry. Through the strategic use of tautomerism,
rotamer interconversion, acid-base chemistry and anion com-
plexation, these systems demonstrate dynamic behaviour and
high fidelity in molecular recognition. Although the presence
of a negative charge on a H-bond donor does not provide a
large improvement in binding strength, new motifs described
extend the collection of available AAD and AADA modules.

By partially protonating a single component 3H-bonding
system of a zwitterionic isocytosine derivative, full complemen-
tarity was attained, providing an example of an anionic
counterpart of the naturally occurring C-C* pair. Further appli-
cations of this motif for selective binding of DNA/RNA guanine
or sensing guanosine phosphates can be envisioned based on
H-bonding complementarity assisted by ionic interactions.
Formation of porous structures with well-defined 1D chains of
water, anions, or both, provides a convenient platform to study
ion conductivity’® and water transport mechanisms®’ in a con-
fined space relevant to material and life sciences, and show-
cases the rich supramolecular chemistry in the solid phase dis-
played by the ZIC motif.
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Experimental section
Synthesis of ZIC

To a suspension of 1 (0.90 g, 4.9 mmol) in deionized water
(10 mL) and glacial acetic acid (5.0 mL) was added 1,1,3,3-tet-
raethoxypropane (1.2 mL, 4.9 mmol). The mixture was heated
at 100 °C for 4 hours under a nitrogen atmosphere, cooled to
room temperature and the solvent was removed in vacuo. The
residue was purified by flash chromatography (DCM/MeOH =
50/1) to give ZIC as a light-yellow solid (0.66 g, 61%).

'H NMR (400 MHz, d,-DMSO) 6 8.44 (dd, J = 6.5, 1.8 Hz,
1H), 8.34 (dd, J = 7.4, 1.7 Hz, 1H), 6.98 (t, ] = 6.8 Hz, 1H), 6.80
(s, 1H), 6.75 (s, 1H), 4.38 (t, J = 7.3 Hz, 2H), 1.77 (p, J = 7.5 Hz,
2H), 1.30 (h, J = 7.4 Hz, 2H), 0.91 (t, ] = 7.3 Hz, 3H).

BC NMR (101 MHz, de-DMSO) § 167.57, 164.02, 156.41,
145.19, 140.89, 117.10, 113.03, 51.58, 30.70, 19.17, 13.56.

HRMS (ESI) caled for (M + HJ"): Cy;H;sN,O 219.1246;
found: 219.1252.

Synthesis of ZUPy

To a suspension of ZIC (0.68 g, 3.1 mmol) in dry tetrahydro-
furan (20 mL) was added butyl isocyanate (3.5 mL, 31 mmol).
The mixture was heated at 100 °C overnight under a nitrogen
atmosphere. After cooling down to room temperature, the
solvent was removed in vacuo. The residue was purified by
flash chromatography (DCM/MeOH = 20/1) to give ZUPy as a
yellow solid (0.60 g, 60%).

"H NMR (400 MHz, CDCl3) 6 9.70 (s, 1H), 8.77 (d, J = 7.4 Hz,
1H), 8.02 (d, J = 6.3 Hz, 1H), 7.15 (s, 1H), 7.08 (t, J = 6.9 Hz,
1H), 4.44 (t,J = 7.5 Hz, 2H), 3.34 (q, J = 6.8 Hz, 2H), 1.89 (q, ] =
7.6 Hz, 2H), 1.60 (p, J = 7.4 Hz, 2H), 1.40 (hd, J = 7.3, 2.5 Hz,
4H), 0.99 (t, ] = 7.3 Hz, 3H), 0.93 (t, J = 7.3 Hz, 3H).

BC NMR (101 MHz, CDCly) § 169.17, 162.03, 156.40,
154.36, 143.51, 143.20, 119.07, 114.28, 53.64, 39.94, 32.12,
31.42, 20.30, 19.87, 13.94, 13.66, 0.08.

HRMS (ESI) caled for (M + H]'): Ci6HpuN50, 318.1930;
found: 318.1935.
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