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In the erystal structures of N3-protonated cytidinium and 2'-deoxycytidinium salts
with composite XY,, anions capable of accepting hydrogen bonds through their Y at-
oms, the dominating motif of cytosinium...anion interactions consists of a pair of hy-
drogen bonds donated from the N3 -H protonation site and from the exoamino
N4-H41 group cis to N3, and accepted by two Y centers of one anion. This multi-
point recognition pattern is stable and robust and thus can be classified as a supra-
molecular synthon. In a broader group of N3-protonated, N1-substituted cytosinium
salts with composite anions it oceurs with 70% frequency. The C5 side of the cytosine
ring mimics the N3'-H type synthon and shows a propensity to form an analogous
motif in which a C5-H5...Y hydrogen bond replaces the strong N3'-H...Y interac-
tion. Since the C-H...Y bond is much weaker, the secondary motif shows higher de-
formability and is less frequent {44%).

Supramolecular chemistry is a dynamic and  ganic crystals are particularly attractive ob-
highly attractive field concerned with molecu-  jects for supramolecular chemistry as they
lar assemblies formed from covalent units  are perfect supramelecules [2] where molecu-
through intermolecular interactions [1]. Or-  lar recognition is realized on a practically infi-
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nite scale at an amazing level of precision [3].
Crystal engineering, cultivated by crystallog-
raphers for many years [4-9], has now gained
in importance as it has the potential to link
the molecular and supramolecular worlds by
studying intermolecular interactions in the
context of crystal packing. There is no doubt
that the most powerful “tool” in the hands of
“crystal engineers” is the hydrogen bond. The
extraordinary role that hydrogen bonds play
in the recognition and assembly of small
molecular (e.g. water) and macromolecular
(e.g. DNA base pairing, protein secondary
structure) systems has been recognized long
ago. The knowledge accumulated throughout
the years has revealed many intriguing prop-
erties of hydrogen bonds (for instance, wide
range of energies, ¢ and 7 cooperative effects,
decisive role of even apparently insignificant
interactions) and their fundamental impor-
tance for many structures as well as pro-
cesses, particularly in the biological world.
Among the most fascinating chapters in hy-
drogen bond research is the question of exis-
tence of C-H...Y bonds. Until quite recently,
such bonds were the subject of dividing con-
troversy among structural scientists. How-
ever, through the work of Taylor & Kennard
[10], Desiraju [11], Jeffrey & Saenger [12],
Steiner & Saenger [13] and Steiner [14], they
are now widely accepted and even believed to
play decisive, scale-tipping roles where pre-
cise molecular recognition is required. The
fact that C-H...Y hydrogen bonds are impor-
tant, even if subtle, determinants of crystal
packing (especially in the absence of stronger
“classic” hydrogen bonds) is easy to demon-
strate. An excellent example was provided by
the structure of 1,N®-ethenoadenosine hydro-
chloride [15] which turned out to be isostrue-
tural with that of adenosine hydrochloride
[16] in spite of the fact that the extra 1,N°.
etheno ring had removed the most important
N1'-H donor of the unmodified nucleoside
cation. The crystal packing in both structures
is dominated by clustering of four nucleoside
units around the Cl” anion which acts as a

fourfold hydrogen bond acceptor. As demon-
strated by Jaskdlski [15], the ethenoadeno-
sine hydrochloride structure retained the
same architecture by substituting a C-H...Cl~
bond in place of the missing N1"-H...C1” link.
More recently, Leonard et al. [17] have shown
that C-H...O hydrogen bonds in AT, A-U,
and certain non-Watson-Crick base pairs may
have a stabilizing effect in base-pairing and in
secondary structure formation of nucleic ac-
ids. The existence of the third (weaker),
C-H...0, hydrogen bond in AT and AU
base pairs would make them topologically
more equivalent to the triple-hydrogen-
bonded G-C base pair. Recently, the signifi-
cance of C-H...Y hydrogen bonds in base-
pairing between adenine and a shape-analog
of thymine has been demonstrated by Evans
& Seddon [18] in their critique of a paper by
Moran et al. [19] which challenged the role of
hydrogen bonds, formed by nucleobases, in
molecular recognition. In an elegant argu-
ment that returned the subject of hydrogen
bonding in DNA into the status quo, Evans &
Seddon [18] point out that the importance of
hydrogen bonding to molecular recognition
has profound consequences both for basic
theories of biochemistry as well as for the
foundations of supramolecular chemistry and
crystal engineering. With respect to the pro-
tein world, the excellent work of Derewenda
et al. [20] has shown beyond doubt that
C-H...0 hydrogen bonds are ubiquitous and
important cohesive interactions in the strue-
ture of protein molecules and that they may
also have implications for some enzymatic
mechanisms.

This paper analyzes the packing motifs
formed in the crystals of cytidine (Cyd) and
2'-deoxycytidine (dCyd) salts with composite
anions including trigonal (XY3), tetrahedral
(XYy), and octahedral (XYg) species. It dem-
onstrates that in such structures, most of
which have been determined in our labora-
tory, the dominating interaction motif con-
sists of a pair of hydrogen bonds formed by
the biologically important N3 side of the nu-
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cleobase. One of these bonds is donated from
the N3'-H protonation site and the other
from the N4-H41 exoamino function (H41 is
cis to N3, H42 is cis to C5, Fig. 1). The two
bonds are accepted by two Y acceptor centers
of a single anion. This recognition pattern is
robust and forms when the structural ingredi-
ents coexist in the crystal structure. It can,
therefore, be referred to as a “supramolecular

VR

Figure 1. Pairing pattern between N3'-H cytosin-
ium cations and composite XY, anions.
Throughout the paper, a consistent cytosine atom num-
bering is used with the exoamino H41 atom cis to N3
and H42 cis to C5. The interaction pattern (broken
lines) represents the primary supramolecular synthon
discussed in the paper. The secondary synthon is
formed in an analogous way via the C5-H and N4-H42
donors of the cytosine unit.

synthon” following the definition of Desiraju
[21] who, inspired by the seminal concept of
Corey [22], used this term to describe strue-
tural units within crystalline (supramolecu-
lar) architecture involving recurring recogni-
tion patterns in intermolecular interactions.
However, as recently shown by Biradha et al.
[23], robust supramolecular synthons will
also form even in the absence of the classic
O/N-H donors, provided there are C-H
groups which can substitute for them. The
present structures provide an excellent oppor-
tunity to test this idea as the biologically inac-
tive, C5-H, side of the nucleohase should he

capable of forming a minor, or secondary mo-
tif mimicking the major N3*-H synthon,

THE PRIMARY SUPRAMOLECULAR
SYNTHON

The first observation of a specific interac-
tion between the N3'-H cytosinium cation
and a composite anion (XY,) capable of ac-
cepting multiple hydrogen bonds at its sev-
eral (n) Y acceptor centers, was reported by
Viswamitra et al. [24] in the structure of 2'-de-
oxycytidine 5'-monophosphate monohydrate.
The nucleotide in that structure exists in zwit-
terionic form, with N3-protonated cytosine
and mono-deprotonated 5'-monophosphate
ester group (-OPOgH™). In the crystal lattice,
two nucleotide molecules form a dimer
through a pair of hydrogen bonds linking the
protonated nucleobase moiety of one nucleo-
tide with the phosphate moiety of the other.
In this motif, also referred to as the primary
supramolecular synthon, both hydrogen
bonds are donated by the nuclechase, from
the N3'-H protonation site and the eis
N4-H41 group. They are accepted by two dif-
ferent O atoms of the same phosphate group
(Fig. 1). This multi-point recognition pattern,
in which the C base is involved in two hydro-
gen bonds with another chemical unit, is
vaguely reminiscent of its pairing trend dis-
played in the fullest in the C:G base pair,
where three hydrogen bonds exist. A closer
similarity (with respect to the nature, but not
the number of hydrogen bonds) could be
found with a C"-C base pair formed between
a protonated and a neutral C base, in which
the protonated component is a donor of two
hydrogen bonds, from the N3'-H and
N4-H41 sites [25, 26]. In the isostructural di-
hydrogenphosphate salts of cytidine (Cyd-
H'HyPO,4~ [27]) and 2'-deoxycytidine (dCyd-
H'-HyoPO4~ [28]) the eytosinium... phos-
phate primary supramolecular synthon is also
found in spite of the fact that the crystal ar-
chitecture involves an intriguing pattern of
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..HOPO,0H..05 "-sugar-03'..HO-PO,0H..
05'-sugar-interactions between the phosphate
and sugar units [27, 28], We have later found
that the primary synthon prevails in all crys-
tal structures where the (2'-deoxy)<cytidinium
cation coexists with a composite anion, as in
CydH"'NOg~ [29]. The hydrogen bonds

gerves as A common joint, accepting hydrogen
bonds from both N4-H41 donors (Fig. 2). The
molecule of methanol solvating this crystal is
disordered and involved in complicated inter-
actions with the sugar moieties, forming col-
umns composed of C-OH groups. Later, we
have crystallized the same salt, 2'-de-

Table 1. Hydrogen bond interactions forming the (N3™-HS3, N4-H41)...YoX motif in selected cytidin-

ium and 2'-deoxyevtidinium salts

i N3-H8 Ha1 N4-
Salt h-35H3 H:al:i.'fa N31.Y3 " [‘%3 I~.4—AH41 ___:{“ N-l,}:‘fu f _[}1;1':1 [ii%:
5'dCMP- H,0 100 188 2874 170 091 179 2691 173 [24]
dCydH' - HyPO,~ 084 184 2668 168 076 221 2939 162 (28]
CydH' - H,PO,~ 091 185  2.700 155 095 202 2945 163 [27]
CydH' NOg~ 079 198 2725 174 082 214 2956 170 [29]
Codiiy, 02~ A 098 208 2991 164 083 198 2802 168 2t
B_101 0.95 N
HE&E}E.SD‘Z—. : 096 177 2721 176 092 187 2768 162 -
104 183 25830 160 095 191 2838 165
o, A o086 198" 281 172" o096 180 2786 155
ﬁfg““ RS0 o900 187 27840 1788 unpubl.
B 074 215  2.843 156 091 190 2806 176
(dCydH'),'SiFg 083 189 2718 176 095 198 2911 170 unpubl.
Coaiy-sipg- A 09 190 271 43 080 200 2882 10
B 103 183 2833 164 082 200 2802 169

"OW-HW; "Hs...0W; “HW...080,; *N3...OW; “OW...050;;

within this supramolecular synthon are close
to linear (Table 1) and in the case of O accep-
tors are characterized by average N3...0 and
N4...0 distances of 2.79 A and 2.84 A, respec-
tively (Table 1).

The most elegant realization of this supra-
molecular synthon has been found in the
structure of 2'-deoxycytidinium sulfate me-
thanol solvate ((dCydH")s- SD.F' ‘MeOH)
where the two independent 2'-deoxycytidi-
nium cations form an ion cluster with one
common SO, anion [30]. Within this clus-
ter, which is almost perfectly symmetric, each
of the cations forms the N3'-H type synthon
with the anion. One of the sulfate O atoms

'N3-Hs...0W; ¥ OW-HW...080,

oxycytidinium sulfate, in a different (hy-
drated) form ((dCde+]2-SD42" ‘H0) (M.
Jaskoélski, unpublished). The packing of this
crystal is entirely different with the molecule
of water of hydration directly intertwined
into the pattern of nuclecbase...sulfate inter-
actions. In spite of this, the dominance of the
N3"-H cytosinium...anion synthon is clearly
visible (Fig. 3). One of the cations (B) forms
the synthon in its classic form while the other
(A) uses the water molecule as a relay in a
chain of cooperative N3-H3...OW-H...0804
hydrogen bonds. In this way, the intervening
water molecule not only did not disrupt the
primary supramolecular synthon formed by
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cation A but was incorporated to reinforce it
(Table 1).

The structure of cytidinium sulfate
((CydH"), - 5042_3 [31] is somewhat different.
Here we have again two independent eytidin-
ium cations clustered around one common
anion. One of the cations (A) forms the classic
synthon with the 8042' anion. The other cat-
ion (B) donates the two hydrogen bonds
(N3"-H and N4-H41) to this same anion but
they are accepted by one, rather than by two,
O atoms leading to significant distortion of
the characteristic motif.

In the structure of cytidinium hexafluorosili-
cate ((CydH')y-SiFg®") (M. Gilski, unpub-
lished), the SiFg®~ anion again interacts with
two independent cytidinium cations (Fig. 4).
In both cases the classic N3"-H supramolecu-
lar synthons are formed (Fig. 4, Table 1). The
structure of 2'-deoxycytidinium hexafluoro-
gilicate ((dCydH")y-SiFg>") (M. Gilski, un-
published) is more symmetric. It contains
only one independent 2'-deoxycytidinium cat-
ion which forms the primary N3"-H type syn-
thon with the twofold symmetric anion.

Figure 2. (dCydH"),-80,% -MeOH
- jon cluster involving one sulfate
anion and the two independent nu-
cleoside cations.

The two primary (N3 -H type) supra-
molecular synthons (broken lines) are
formed in a nearly symmetric fashion.
The disordered nature of the ribose
side chains is indicated by two 05" at-
oms attached to each C5' atom [30].

THE SECONDARY SUPRAMOLECULAR
SYNTHON
Topologically, the H42-N4-C4-C5-H5

fragment of the cytosinium cation is very
similar to the H41-N4-C4-N3'-H3 frag-
ment. Geometrically it is thus quite possible
that also on the biologically inactive, C5-H,
side of the nucleobase a similar multi-point
recognition pattern could be formed. How-
ever, this secondary synthon would involve a
weak C5-H5...Y hydrogen bond instead of
the strong N3'-H3...Y bond donated by the

Figure 3. (dCydH '), S0, H,0 -
two primary cation...anion supra-
molecular synthons formed by one
sulfate anion.

One of these motifs (A) is formed via an
auxiliary water molecule,

protonation site (Table 1) and might not be
competitive enough (in energetic terms) in
the presence of the primary N3 -H type mo-
tif. Formation of the secondary synthon in
typical N3 -H salts of cytidine and 2'-de-
oxycytidine would be automatically disadvan-
taged because the primary synthon would dic-
tate the crystal packing principle which might
be incompatible with the secondary synthon.
Therefore, simultaneous presence of both su-
pramolecular synthons would be a strong in-
dication of their robustness and would actu-
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Figure 4. (CydH");-SiFg" — the primary (N3'-H type, light/dark blue) and secondary (C5-H type,
pink/orange) supramolecular synthons formed by the two independent cytidinium cations (A/B).

ally speak in favor of the interactions involy-
ing C-H...Y hydrogen bonds.

Out of the several C-H groups in the cylidin-
ium or 2'-deoxycytidinium cation, the C5-H5
group is most likely to act as a hydrogen bond
donor. In their MO calculations {using the
CNDO/2 method) of net atomic charges in
CydH -NOg~ and CydH"-Cl~, Wiewiérowski
et al. [32] have shown that the charge accumu-
lated in the C5-H5 group (C5 -0.17, H5
+0.08) makes it a very good hydrogen bond
donor. For comparison, the strong N-H pro-
ton donors are characterized by the following
{average) net atomic charges: N3/H3
-0.19/+0,18, N4/H -0.21/+0.18, and the av-
erage hydroxyl group by O/H -0.26/+0.16.
Among the C-H hydrogen atoms, the highest
positive charge is accumulated at H5, the next
being H6 (+0.06). However, the C6-H6 group
is not likely to be a hydrogen bond donor as
the C6 atom has a very high positive net
charge (+0.24). The aliphatic C-H groups
have all positive net charges at the carbon at-
oms and net atomic charges at the hydrogen

atoms (max +0.04) much lower than H5. It is,
therefore, quite obvious from those results,
that the highest potential to be a donor in a
C-H...Y hydrogen bond resides in the C5-H5
group.

We have analyzed all the structures dis-
cussed in the previous section to see how of-
ten the secondary supramolecular synthon
was formed (Table 2). It is quite surprising
that the rate of occurrence of this secondary
synthon is quite high. In several salts it ac-
companies the primary synthon and is real-
ized in all possible cases, as in (CydH)s-
SiFg2" (Fig. 4, Table 2).

In 5'-dCMP-H50, the C5-H synthon cannot
be formed because, in the anti orientation of
the glycosidic bond, the C5-H side of the nu-
cleobase is shielded by the phosphate group of
the nucleotide and is, therefore, inaccessible
to intermolecular acceptors. An intermolecu-
lar N4-H42...0(phosphate) hydrogen bond
is, however, formed (Table 2). In the two iso-
morphous (2'-deoxy)eytidinium dihydrogen-
phosphates, in CydH"*NO3~, and in the two
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Table 2. Hydrogen bond interactions forming the (C5-H5, N4-H42)...Y;X motif in selected cytidin-

ium and 2'-deoxyeytidinium salts

Salt Co7H5 H5. Yy C5.,.Yy o Na-Ha2 ON, e Refer
) A A )
5'dCMP - H,0 1.00 1.05 194 2980 178 [24]
dCydH" -H,PO, 1.07 230 3290 153 097 178 2899 177 (28]
CydH™ -H,PO," 108 235 3339 152 091 184 2740 170 (271
CydH'-NO,” 101 228 3279 168 087 216 3038 172 [29]
Cydi'y,-s02- A 09 245 329 L0 099 242 3376 15
B 09 0.77
*.50.%. A 096 0.98
%ngiﬂ %530 B 0.96 0.99 =
(dCydH'),-SO," - A 0.96 0.85
H,0 B 096 246 3321 150 083 200 2838 151 Pk
(dCydH )y - SiFg’ 096 222 3109 154 0.72 223 2914 159  unpubl.
Oy, -SFS A 098 239 3268 158 102 1s4 2868 6
B 093 241 3184 142 106 186 2864 156
A 096 263 3268 124 085 198 2828 174
. B 096 290 3616 182 087 200 2869 176
dCydgH C 096 28 3441 122 089 192 2805 175 [26]
HzPO, D 0.96 227 8121 148 0.80 254" 3.282" 145°
243 3172 156"

"Bifurcated hydrogen bond

hexafluorosilicates, the C5-H supramolecu-
lar synthons are formed and are character-
ized by quite similar geometrical parameters
(Table 2). In cytidinium sulfate the secondary
synthon is only formed by that cytidinium cat-
ion which also forms the primary synthon
(A). Cation B forms neither the primary nor
the secondary synthon. An interesting situa-
tion arises in (dCyd H')y-S0,%" - Hs0 where
the secondary supramolecular synthon is not
formed by cation A. It is the same cation
which on its N3"'-H side formed the primary
synthon in an unusual way, with an extra HsQ
link (Fig. 5). One might, therefore, say that
the secondary synthon of cation A was “sacri-
ficed” in order to “rescue” the stronger inter-
actions of the primary synthon and to accom-
modate the water of hydration. None of the
two 2'-deoxycytidinium cations in (dCyd -

H')s - 80,42~ MeOH forms the secondary su-
pramolecular synthon. However, while cation
B does not form any interactions with the an-
ion through the H42-N4-C5-H5 region
(N4-H42 is hydrogen bonded to the carbonyl
02B atom in another copy of this cation), the
N4-H42/C5-H5 donors of cation A are ac-
cepted by a single O atom of the SO4%~ anion.
It could be expected that when the primary
supramolecular synthon cannot be formed be-
cause of chemical reasons, the ions would en-
joy more freedom and would be more likely to
be involved in the formation of the secondary
synthon. This is, however, not always the
case. In the structures of Na-methylc}rtidi-
nium nitrate [33] and E,N“-ethenncytidinium
dihydrogenphosphate [34] the primary syn-
thon cannot be formed because the N° site of
the cytosine system is blocked by a -C sub-
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Figure 5, Crystal packing of (dCydH"),-S0,*"-H,0.

The primary synthons (also depicted in Fig. 3) are indicated using pink shading: solid color for cation B, stippled
color for cation A which forms the primary synthon through an intervening water molecule. The secondary supra-
molecular synthon formed by cation B is shaded green. Cation A does not form a secondary synthon.

stituent. In spite of this, the C5-H synthon is
also absent. On the other hand, in the struc-
ture of 2'-deoxycytidine hemidihydrogenphos-
phate the four independent dCyd units have
proper orientation with respect to the phos-
phate anions for the formation of the secon-
dary supramolecular synthon (Fig. 6, Table
2), even though the HoPO,4 ™ ions themselves
are involved in a very peculiar system of hy-
drogen bonds (tight infinite columns) which
seems to dominate the crystal packing [25]. It
has to be admitted, however, that the C5-
H5...0 interactions in these motifs are rather
weak, as illustrated by the long H5...0 dis-
tances and bent C5-H5.,.0 angles listed for
units A, B, C in Table 2. Interestingly, 2'-de-
oxycytidine D, which forms a much shorter
and more linear C5-H5...0 bond, has the

N4-H42...0 component compromised (bifur-
cated and long hydrogen bond, Table 2). The
absence of the primary synthons in this struc-
ture is the consequence of the C" - C base pair-
ing which involves both the N3 and N4-H41
sites of all the dCyd units.

DISCUSSION

The data of Table 1 clearly indicate that in
the listed salts of cytidine and 2'-deoxycyt-
idine with composite anions, the (N3*-H,
N4-H41)...YoX multi-point recognition pat-
tern is a constant and dominating motif of as-
gociation between the cytosinium cation and
the anion. Its robustness and geometrical con-
stancy justify, therefore, its classification as a
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Figure 6. A layer in the crystal packing of 2'-deoxycytidine

(dCyd H" - H,PO,") [25, 26].

&

hemidihydrogenphosphate

The four independent nucleoside units (A,B,C,D) form two protonated C - C base pairs using their N3 and N4-H41
functions and are, therefore, incapable of forming the primary supramolecular synthon with the (two-fold symmet-
ric) dihydrogenphosphate anions (P1, P2, P3, P4). Instead, the full potential of nucleobase...anion interactions is
directed towards the C5-H side of cytosine and all four possible secondary synthons are formed (green lines).

supramolecular synthon, as defined by De-
siraju [21]. In Table 1 there is only one case
when this synthon is formed in a non-classic
way, using a water molecule as a relay in the
N3"-H...O(anion) interaction ((dCydH")s-
3042'-}12{)) and one case when it is absent
((CydH')y-S04%", cation B). In the latter
case, there is still a direct interaction between
one anion and the two proton-donor sites
(N3"-H, N4-H41) of the cytosinium cation
but these interactions involve a single accep-
tor atom of the anion. To confirm the robust-
ness of this primary supramolecular synthon,
we have analyzed the data in the Cambridge
Structural Database (CSD) [35] searching for
all crystal structures (excluding metal com-
plexes) in which an N3-protonated N1-
substituted cytosinium cation coexists with a
composite anion. There are 33 such cases in
the 5.14 release of the CSD, and in 23 of them
(70%) the primary supramolecular synthon is
observed.

The secondary supramolecular synthon, in-
volving the C5-H side of the cytosine system,
is formed less frequently. In the structures
listed in Table 1, it is formed in 8 out of 13

possible cases. The main reason for its re-
duced prevalence in N3-protonated cytidin-
ium and 2'-deoxycytidinium salts seems to be
the fact that the much stronger primary syn-
thon formed through the N3"-H protonation
site dominates the crystal packing. In cytidin-
ium and 2'-deoxycytidinium salts incapable of
forming the primary synthon (chemical modi-
fication at the N3 site), the secondary syn-
thon may have increased chances of occur-
rence, as in the structure of 2'-deoxycytidine
hemidihydrogenphosphate where the recogni-
tion patterns, even if weak, seem to be pres-
ent in all four possible situations. There are,
however, also cases (3-methyleytidinium ni-
trate, Eﬂ‘-ethenocytidinium dihydrogen-
phosphate) where the secondary synthon is
not formed even in the absence of the N3"-H
donor. The weak nature of the C5-H5...Y hy-
drogen bond, which explains the reduced
competitiveness of the secondary supramo-
lecular synthon as a determinant of crystal
packing, is illustrated in Table 2 where the
H5...0 distances range from 2.27 to 2.90 A
(1.77 to 2.15 A in the N3"-H3...0 interac-
tions, Table 1). The N4-H42...Y links of the
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secondary synthon are not much longer than
the N4-H41...Y interactions. However, both
hydrogen bonds forming the secondary syn-
thon are noticeably less linear than the
N3"-H3...Y/N4-H41...Y interactions (Table
2, 1) illustrating again the relative stability of
these two motifs which is directly correlated
with their robustness. In a statistical survey
of the Cambridge Structural Database similar
to that described above, the secondary supra-
molecular synthon was found to be present in
17 out of 39 possible cases. Interestingly, in
this statistical sample, the secondary synthon
is always absent when the N3"-H group does
not form the primary synthon. When inter-
preting the reduced frequency of the secon-
dary supramolecular synthon (44%), it has to
be noted that among those 22 cases when it is
not formed, there are situations, like in eyti-
dine 2',3"-cyclic-phosphate [36], where the an-
ion is under stereochemical strain that puts
strong limitation on its simultaneous partici-
pation in two supramolecular synthons. It is
then, naturally, the N3"-H type synthon that
is favored. The availability of the anion for cy-
tosine...anion recognition may be restricted
in a somewhat similar way for intermolecular
reasons, as in the structure of 2'-deoxycyt-
idine hemidihydrogenphosphate where the
HyPO4~ anions form infinite helical columns
with a pair of very strong 0...H...0 hydrogen
bonds connecting the consecutive segments
[25]. In this particular structure, however, the
phosphate...cytosine recognition takes place
through the secondary, C5-H, synthon be-
cause of the involvement of the N3 side of the
nucleobases in C*+C pairing (see above). In
the other dihydrogenphosphate salt of a nu-
cleoside incapable of forming the primary
synthon (Eﬁethenncyﬁdinium dihydrogen-
phosphate [34]), the HyPO,~ anions form
similar, though less tight, hydrogen-bonded
columns, but the C5-H donor is not recog-
nized by the anion. In this context it is inter-
esting to note that when the N3*-H side of
the nucleobase becomes available, as in
cytidinium and 2'-deoxycytidinium dihydro-

genphosphate [27, 28], the strong tendency
for self-association of the HoPO,~ anion no
longer dominates but is superseded by the pri-
mary supramolecular synthon. This provides
an elegant demonstration of the importance
of this multi-point recognition between
cytidinium and 2'-deoxycytidinium cations
and composite anions.
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