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Organic selenocyanates as strong and directional chalcogen bond
donors for crystal engineering™

Huu-Tri Huynh,? Olivier Jeannin® and Marc Fourmigué®*

Organic bis(selenocyanate) derivatives act as powerfull chalcogen
bond donors for the elaboration of 1D extended structures upon
co-crystallization with 4,4'-bipyridine as ditopic chalcogen bond
acceptor.

The renaissance of halogen bonding! in the last 20 years is
rooted for alarge partin the development of crystal engineering
strategies? for the controlled formation of extended polymeric
1D, 2D or 3D structures through co-crystal formation.? For
example, the association of para-diiodotetrafluorobenzene as
ditopic halogen bond donor with a large variety of Lewis bases*
has led today to more than 220 structurally characterized co-
crystals.> The efficiency of halogen bonding finds here its origin
in its predictability, a direct consequence of its directionality
due to the highly localized o0-hole which develops on the
halogen atom.® This concept of O-hole is not restricted to
halogens but is also found in the heaviest elements of groups
14-16.7 In the chalcogen series, calculations performed on
molecules like S(CN),, Se(CN),,8 ClzC-S—CN,° show indeed the
presence of two sizeable 0-hole sites on the chalcogen atoms,
in the prolongation of the two C—S(Se) bonds, also confirmed by
an experimental charge density determination on selenophtalic
anhydride.’® Nevertheless, the specific use of chalcogen bond
donors in crystal engineering for the elaboration of extended
1D, 2D or 3D solid state structures is up to now very limited,
probably because the presence of the two sigma holes limits the
required predictability of the interaction. One can mention
however self-assembly through chalcogen bonding in molecules
like benzo-2,1,3-selenadiazoles,!! benzo-1,3-tellurazoles,'? or
iso-tellurazole N-oxides,!® bearing simultaneously an activated
chalcogen atom and a Lewis base. Also, the close proximity of
two chalcogen atoms in activated bithiophene or
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biselenophene derivatives can be used to chelate small anions
through chalcogen bonding.1* There are however no examples
of the formation of chalcogen-bonded co-crystals associating
for example a ditopic chalcogen bond donor with a ditopic Lewis
base as chalcogen bond acceptor, in a vein similar to the very
successfully examples introduced in halogen-bonded systems
with a,w-diiodoperfluoroalkanes!®> or para-diiodotetrafluoro-
benzene.*

In that respect, we considered organic selenocyanates R—
Se—CN as potentially efficient chalcogen bond donors. It is
expected indeed that the electron-withdrawing nature of the
nitrile group will favour the formation of one single strong o-
hole on the selenium atom, in the prolongation of the NC-Se
bond. A CSD investigation of reported structures of organic
selenocyanates confirmed our initial assumption.l® Indeed,
most of the simple aliphatic and aromatic organic
selenocyanates do crystallize with chalcogen bond interactions.
In the absence of other Lewis bases, the selenium atom actually
interacts with the nitrogen atom of a neighbouring
selenocyanate moiety, giving rise to recurrent chain-like motifs,
as in benzylselenocyanate,’” and ortho-bis(selenocyanatato)
xylenel® (Figure 1a,b) or para-bis(selenocyanatato)xylene.®
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Figure 1. Detail of the reported solid state structures of (a) benzylselenocyanate,
and (b) ortho-bis(selenocyanatato)xylene. H atoms have been omitted and the
orange dotted lines indicate the chalcogen bond interaction.
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Note the SeeeeN distances are in the range 2.97-3.11 A, i.e.
notably shorter than 3.45 A, the sum of the van der Waals radii
of Se (1.90 A) and nitrogen (1.55 A). The recurrence of this
robust SeeeeN chalcogen-bonded motif lets us infer that
specifically the ditopic ortho, and para
bis(selenocyanatato)xylenes, noted 1-3 in the following, could

three meta
be themselves very good candidates to prepare, by analogy with
diiodo derivatives mentioned above, co-crystals exhibiting
similar predictable 1D supramolecular motifs. We therefore
investigated the co-crystallisation of these three ditopic
chalcogen bond donors 1-3 with, as a first example of ditopic
Lewis base, the 4,4'-bipyridine, as detailed below.

The preparation of the three chalcogen bond donors 1-3 is
based on the reaction of potassium selenocyanate with the
ortho, meta and para bis(bromomethyl)benzene in acetone, as
described earlier.’920 The solid state structure of the meta
isomer 2 was unknown, at variance with those of the ortho and
para isomers 1 and 3.181% Compound 2 crystallizes in the
monoclinic system, space group Cc with two crystallographically
independent molecules in the unit cell (Figure 2).f

c

.

b / r"S-;Z N2 l‘-
Rl o o R e o Rl S e

Figure 2. Solid state organization of 2, showing the chains formed out of the two
crystallographically independent molecules. Symmetry operations: (i) 1+x, y, z; (ii)
-1+x, y, z. The orange dotted lines indicate the chalcogen bond interaction.

The molecules are again associated through short SeeeeN
chalcogen bonds forming chains running along a direction.
Structural characteristics of these chalcogen bonds (Table 1)
compare with those reported earlier for the ortho and para
derivatives (Figure 1b, 1c), showing the same strong linearity,
with a notable reduction ratio, between 0.86 and 0.88. Note
also that the robustness of this supramolecular SeeeeN motif
most probably finds a further origin in the cooperativity it can
develop along the chains. Indeed, the formation of the
chalcogen bond on the nitrogen side leads to a decreased
charge density on this atom, and by extension on the covalently
linked selenium atom, whose electrophilic character is then
enhanced. Such cooperativity effects have been demonstrated
from theoretical calculations222 on dimer, trimer and infinite
one-dimensional chain models formed by Se(CN), or Te(CN),, as
these compounds adopt indeed this 1D motif
experimental solid state structures.23.24

in their

Table 1. Chalcogen bond characteristics of the crystalline 1-3 derivatives.

SeesoN (A) C-SeeeeN (°) SeeeeN=C(°) Ref.
2:
Sel 3.010(24) 172.9(7) 172(2) this
Se2 3.015(24) 174.1(7) 173(2) work
Se3 2.965(24) 175.9(7) 174(2)
Se4 3.017(24) 175.7(7) 176(2)
3:
Sel 3.022(18) 171.8(5) 166(1) 19
Se2 2.997(18) 174.4(8) 177(2)
1.
Sel 2.969(9) 172.6(3) 174.0(7) 18
Se2 2.985(8) 172.9(3) 173.2(7)

The formation of co-crystals between 1-3 and 4,4'-bipyridine
was performed by diffusion of Et,0 over an acetone solution of
both partners in equimolar quantities. Despite our efforts, good
quality crystals were obtained only from 2 and 3, affording 1:1
adducts. (2ebipy) crystallises in the monoclinic system, space
group C2/c with the meta derivative 2 located on a two-fold
axis, and the 4,4'-bipyridine on an inversion centre, hence the
1:1 stoichiometry. As shown in Figure 3, the nitrogen atom of
the pyridine moiety competes now efficiently with the nitrogen
atom of the nitrile to engage in a short and directional
chalcogen bond, whose structural characteristics are collected
in Table 2. It gives rise to the formation of hetero-molecular
chains running along the (4a—c) direction. Note the particularly
strong chalcogen bonding interaction, with a reduction ratio
down to 0.82 and a strong linearity, while the orientation of the
lone pair of the pyridine moiety is not fully optimal since the
angle between the Npipy---Cy molecular axis and the SeeeeN
direction amounts to only 165°.

Figure 3. Detail of one chalcogen-bonded chain running along the (4+x, y, —1+z)
direction in (2ebipy). The orange dotted lines indicate the chalcogen bond
interaction.

Table 2. Chalcogen bond characteristics of the (2ebipy) and (3bipy) co-crystals

SeeeeNyiy (A) C—SeeeeNyi,, (°)  SeeeeNy, -
Gy (%)
(2+bipy) 2.830(3) 177.2(1) 165.0(1)
(3ebipy) 2.897(4) 176.7(1) 165.9(1)

The efficiency of this chalcogen bonding motif is also evidenced
from the crystal structure obtained with the para isomer,
namely (3ebipy). It crystallizes in the triclinic system, space
group P71, with both the para bis(selenocyanate) derivative 3
and the 4,4'-bipyridine located on inversion centres, hence the
1:1 stoichiometry. As shown in Figure 4, chalcogen bonding
interactions between the ditopic donors and acceptors again
favour the formation of chains, running here along the (2a —c)



direction, with structural characteristics (Table 2) comparable
to those found in (2ebipy).

Figure 4. Detail of one chalcogen-bonded chains running along (2a—c) direction in
(3ebipy). The orange dotted lines indicate the chalcogen bond interaction.

In conclusion, we have highlighted here the very strong
tendency of organic selenocyanates to self-crystallise through
efficient SeeeeN=C chalcogen bonding interactions.
Competitive crystallizations of the ditopic bis-(selenocyaninato)
xylenes with a stronger Lewis base such as 4,4'-bipyridine leads
to the recurrent formation of 1D structures with a directional
and even shorter See e eNy,, chalcogen bond.

It appears at this stage that such organic selenocyanates are
most probably very good candidates, not only in crystal
engineering strategies as unravelled here, but also for other
applications already envisioned with halogen bonded systems,
for example toward the formation of liquid crystals and gels, in
anion recognition processes or for their use in organocatalysis.
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Graphical abstract

Organic selenocyanates can act as powerful chalcogen bond
donors, with themselves or with Lewis bases.
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