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Abstract. The common feature of two conformational
polymorphs of N,N'-bis(pyridin-3-ylmethyl)oxalamide is
their crystallisation in the monoclinic space groBgi/c
with Z = 4. In low symmetry formi, the central core is
effectively planar and the terminal pyridsihgs adopt a
syn-periplanar conformationIn the high symmetry form,
2, there are two independent molecules in the asyriome
unit but each is located about a centre of inversi@he
rings again are almost perpendicular to the cemtiahe
but, from symmetry are anti-periplanar Computational
chemistry shows that symmetric molecules with sgn (
fold) and anti (centrosymmetric) conformations haearly
identical energies. In the molecular packing ofreaf 1
and 2, supramolecular tapes based on amide-N—
H...O(amide) hydrogen bonding are found. linthese are
connected into layers by C-H...N(pyridyl) interacton
while in 2, the chains are linked into a three-dimensional
architecture by C—H...N(pyridyl) interactions. Thm-i
portance of hydrogen bonding is emphasised in tia¢yais

of the Hirshfeld surfaces.
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Introduction

Having both amide and pyridyl functionalities, thide
compound, N,N'-bis(pyridin-3-ylmethyl)oxalamide (sys-
tematic name:N,N'-bis(pyridin-3-ylmethyl)ethanediamide,
hereafter referred to as the diamide), Bagire 1, has at-
tracted the attention of coordination chemists otk
years. In this context, zero-dimensional [1], ofitgric [2]
and coordination polymers [3-5] have been obserued,
cluding an intriguing case of a pair of interwowvaordina-
tion strands sustained by hydrogen bonding in tast
forms of the diamide [6]. In the realm of crystalgineer-
ing, several studies have appeared reporting cstadry
formation with carboxylic acids [7, 8] and, notable
diamide featured in early studies investigatingobeh
bonding [9]. Despite this interest, the crystalisture of
the parent diamide has yet to be described acapitdira
search of the Cambridge Crystallographic Databd€d. [
In the course of studies of on-going investigatiofishe
diamide and the isomeric species with 2- and 4elyyri
substituents [11-14], we isolated crystals of thentde
from ethanol solution, this is labelled forinherein. Sub-
sequently, a polymorphic form®, was isolated from a
failed co-crystallisation experiment in ethanolfriofform
(/2 wviv) solution between the diamide and 2-(4-
hydroxyphenylazo)benzoic acid, which has been eyaglo
recently in co-crystallisation experiments, withmsomeas-
ure of success, including with a related diamidg-1¥].
Remarkably, two quite distinct conformations of ttiie-
mide were observed in the polymorpdisd hence, are de-
scribed as conformational polymorphs [18Herein, the
results of a crystallographic and theoretical itigedgion of
polymorphsl and2 are described.

N— O, \ /
\ / NH N

HN

@]
Fig. 1:  Chemical structure of N,N-bis(pyridin-3-
ylmethyl)oxalamide, for which two monoclinic polymphs have
been characterised.

The discovery and study of polymorphsand?2 is far
beyond an intellectual curiosity. While the diamishown
in Figure 1 has yet proven any biological activitye phe-
nomenon of polymorphism is a crucial issue for piar-
maceutical industry [19] and also for energetic eriats
and dyes/pigments. Solid forms of drugs are patkits
individual materials meaning the subsequent chariaet
tion of a new form of a drug raises intellectuaperty (IP)
issues. Based on the assumption that there is tangible
improvement in performance, if the pharmaceuticahpa-
ny that developed one form of a drug, subsequeligigov-
ers another form, patent extension of the pharnaedu
becomes a reality. An example of this is foundhia saga
associated with the histamine H2 inhibitor, ramited hy-
drochloride, used for the treatment of peptic dceA new
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form was subsequently discovered by the holdershef
original patent with favourable filtration and dngi proper-
ties, enabling an extension of the original pafedf. IP
issues become more complicated should the discoeére
the new form is a commercial competitor. With sgoim-
siderations in mind, coupled with the observatiaait tom-
putational chemistry suggest than 10’s of not 1@d'gol-
ymorphs differ in energy less than a few kcal/n#dl][ the
study of polymorphism, formation, structure andrgeécs,
is of fundamental interest [20].

Experimental

Synthesis and characterisation

N,N'-Bis(pyridin-3-ylmethyl)oxalamide was prepared in
accord with the reported procedure [3]. Recryistatiion
from ethanol solution, as in the original synthegiavel.
Crystals of 2 were isolated from the attempted co-
crystallisation of the diamide with 2-(4-
hydroxyphenylazo)benzoic acid, 1:1 ratio, in anaeth
nol/chloroform mixture (1/1 v/v) solution.

Crystal structure determination

Intensity data for crystals of colourletsand2 were col-
lected at 98 K on a Rigaku AFC12/Saturn724 CCIeditt
with Mo Ka radiation. The data set f@rwas corrected for
absorption based on multiple sca@ig][but not forl as no
difference was manifested in the transmission fact&ach
data set was reduced using standard meth®@s [Both
structures were solved by direct methodd] [and refined
by a full-matrix least-squares procedure Ffnwith aniso-
tropic displacement parameters for non-hydrogemmajo
carbon-bound hydrogen atoms in their calculatedtipas,
and a weighting scheme of the fomm= 1/[0%(F.?) + (aP)?

+ bP] whereP = (F2 + 2FA/3) [25]. The nitrogen-bound
hydrogen atoms were refined with the distance aggtiN-

H = 0.88+0.01 A. The analysis ofl is less than optimal,
e.g. highRy, owing to the nature of the crystals obtained, an
observation consistent with the fact that despétiedp orig-
inally synthesised over 20 years ago [3] and studigse-
quently, see Introduction, no structure has begorted.
Nevertheless, the molecular conformation has bestard
mined unambiguouslyCrystal data and refinement details
are given in Table 1Figure 1 showing the atom labelling
schemes, was drawn with 50% displacement ellipsoids
using ORTEP-3 for Windows2f], the overlay diagram
was drawn with QMol 7], and the remaining crystallo-
graphic figures were drawn with DIAMOND2§]. Data
interpretation was facilitateasing PLATON R9].

Tab. 1: Crystallographic data and refinement detailsifand2.
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Polymorph 1 2

Formula C14H14aN4O2 C14H14N4O2
Formula weight 270.29 270.29

Crystal colour, habit | block, colourless prism, colourless
Crystal size/mm 0.20x0.20x0.20| 0.10x0.14x0.4
Crystal system monoclinic monoclinic
Space group P2i/c P2i/c

alA 10.715(5) 10.106(2)

b/A 5.096(2) 8.3088(16)

c/A 23.846(12) 15.808(3)

Bl 97.342(7) 95.977(4)

V/IA3 1291.3(10) 1320.2(4)

z 4 4

Ddg cn® 1.390 1.360

F(000) 568 568
pu(MoKa)/mnrt 0.097 0.095
Measured data 4787 10286

8 range/° 2.4-250 26-275
Unique data 2230 3023

Rint 0.043 0.030
Observed data | (= | 1849 2749

2.00(1))

R, obs. data; all data | 0.078; 0.088 0.040; 0.043
a, b in wghting| 0.177,0.036 0.045, 0.629
scheme

Rw, obs. data; all data 0.238; 0.252 0.103; 0.106
Largest difference 0.48, -0.54 0.41,-0.19
peak and hole (A)

1 Supplementary Material: Crystallographic data (edirlg struc-
ture factors) for the structures reported in thégpgr have been
deposited with the Cambridge Crystallographic Datat@eas
supplementary publication no. CCDC-1452099-145210(ig30
of available material can be obtained free of chaop application

to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44-
(0)1223-336033 or e-mail:_deposit@ccdc.cam.ac.Ukg list of
Fo/Fc-data is available from the author up to oamaryafter the
publication has appeared.

Hirshfeld surface analysis

Crystal Explorer 3.1 [30] was used to generate Hirshfeld
surfaces mapped ovekosh, 4., curvedness and electrostatic
potential. The electrostatic potentials were daked using
TONTO [31, 37] integrated intcCrystal Explorer, wherein
the experimental geometries were used as the input-
ther, the electrostatic potentials were mapped wshiféld
surfaces using the STO-3G basis set at the Hdroek-
level theory over a range of £0.09 au. The condigtanc-
es d and d from the Hirshfeld surface to the nearest atom
inside and outside, respectively, enable the aizrbfsthe
intermolecular interactions through the mappingdefm
The combination of d and d in the form of two-
dimensional fingerprint plots3p] provides a useful sum-
mary of intermolecular contacts in the crystal.
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Computational chemistry

The calculations were performed with the Firefly patk-
age B4], which is partially based on the GAMESS (US)
[35] source code, at the B3LYP/6-31G** level of theory
[36-39 with an algorithm based on the Quadratic Approx-
imation (QA) K0 and a threshold gradient value of®10
a.u. Molecular parameters (bond order and pastiatge)
were evaluated by different models (Wiberg bondeind
and Giambiagi-Mayer bond orders, and Natural and L&
wdin population analysisyL-49.

Results and discussion

Experimental molecular structures

The molecular structure df is shown inFigure 2aand
features a central 8,0, core, that, including the meth-
ylene-C6 and -C9 atoms, is planar with a r.m.siad®n of
the fitted atoms = 0.033 A; the maximum deviatien i
0.046(2) A for the N2 atom. The N1- and N4-pyridylgs
are approximately normal to this plarend are syn-
periplanay forming dihedral angles of 84.37(9) and
74.98(9)°, respectively with the central plane.e @ihedral
angle between the rings is 88.44(9)°, indicatingabnost
perpendicular relationship as each ring is direciedhy
from the central part of the molecule. Selectedngetric
parameters are collated in Table 2. These reVvesdlthe
canonical form shown iRigure 1lis an accurate description
of the electronic structure. The angles about dhater-
nary-C atom follow the expected trends with the esid
angle involving the heteroatoms. The carbonyl-@ret are
anti, an arrangement that allows for the formatimntra-
molecular amide-N-HO(carbonyl) hydrogen bonds, Table
3.
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Fig. 2: Molecular structures of 1, (b) first independent mole-
cule of2, and €) second independent molecule2of Each of the
molecules inlf) and €) are disposed about a centre of inversion
with unlabelled atoms related by symmetry operatioth-x, 1-y, -

z andii -x, 2y, 1z respectively. Displacement ellipsoids are
drawn at the 50% probability level.

Tab. 2: Selected geometric parameters (A, °)ffand2.1

1 value 2 value
Cc7-01 1.235(3) c7-01 1.2303(14)
Cc8-02 1.236(3) C14-02 1.2362(14)
N2-C7 1.327(4) N2—-C7 1.3266(15)
N3-C8 1.329(4) N4-C14 1.3258(15)
N2-C6 1.459(3) N2-C6 1.4655(15)
N3-C9 1.473(4) N4-C13 1.4507(15)
Cc7-C8 1.544(4) Cc7-C7 1.546(2)
Cl14-C14 1.538(2)
01-C7-N2 125.5(3), 01-C7-N2 125.70(11)
02-C8-N3 125.7(3) 02-C14-N4| 125.98(11)
01-C7-C8 121.7(2) 0O1-C7-C7 | 120.84(13)
02-C8-C7 121.2(2) 02-C14-C14 121.33(13)
N2-C7-C8 112.8(2) N2-C7-C7 | 113.46(12)
N3-C8-C7 113.1(2) N4-C14-C14 112.68(12)

1 Symmetry operationis 1, 1+, -zandii: -x, 2y, 1z
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Tab. 3: Summary of intermolecular interactions (A=B; A, °) operating in the crystal structuresiaind?.

A H B A-H H-B A-B A-H-B Symmetry
operation

@

N2 H2n 02 0.878(19) 2.39(3) 2.706(3) 101.5(19) x, Y,z

N3 H3n o1 0.880(18) 2.40(3) 2.719(3) 102.1(18)| x, v, z

N2 H2n o1 0.878(19) 2.038(16) 2.860(4) 155(3) X, -1y, z

N3 H3n 02 0.880(18) 2.029(15) 2.850(4) 155(3) X, 14y, z

C3 H3 N4 0.95 2.52 3.437(5) 163 X, 2%2y, Yotz

@

N2 H2n o1 0.874(11) 2.328(15) 2.7096(15) 106.6(10) 1-x, 1vy,-z

N4 H4n 02 0.877(12) 2.299(14) 2.6975(15) 107.6(9) | x 2y, 1z

N2 H2n 02 0.874(11) 2.054(10) 2.8563(14) 152.1(13) -x, -Y2ty, Yoz

N4 H4n o1 0.877(12) 2.003(10) 2.7898(14) 148.6(13) 1-x, Y2ty, Yoz

Cc2 H2 N3 0.95 2.54 3.4333(18) 156 XY,z

C13 H13A N1 0.99 2.62 3.5935(18) 167 X, 14y, z

C13 H13B N3 0.99 2.51 3.3732(18) 146 X, Yoty, Y-z
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In polymorph2, two half independent molecules com-
prise the asymmetric unit as each is disposed aboahtre
of inversion,Figures 1b and.c The central eight atoms in
each molecule have a r.m.s. deviation of 0.0100a024 A,
from the respective least-squares plane, and theniolec-
ular amide-N—H...O(amide) hydrogen bonds persist,|&@ab
3. The key difference betwednand? relates to the rela-
tive disposition of the pyridyl ringswhich are anti-
periplanarin 2, that is, anti, forming similar dihedral angles
of 76.21(4) and 77.08(4)°, respectively. The geome
parameters, Table 2, follow the same trends estadli for
1

Molecular packing

Parameters characterising the supramolecular agfipeg
in each ofl and2 are summarised in Table Brominent
contacts have been taken from the PLATON [29] dutpu
based on the geometric criteria embodied in th@nam
The most prominent feature of the crystal packimd. iis
the formation of supramolecular tapes aligned alibvegp-
axis and sustained by-N-O hydrogen bonding between
translationally related amide groups with the retht 10-
membered {HNCCO}, synthons are formedsigure 3a
Links between tapes along theaxis are of the type
pyridyl-C-H--N(pyridyl) to form corrugated layers in the
bc-plane,Figure 3b The layers interdigitate along tlae
axis with no specific interactions between thenguié 3c.
The closest contact between pyridyl rings is 4.39#( for
symmetry operation, 1%y, Y2+z. Within layers sustained
by hydrogen bonding, some evidence was foundd#type
interactions between the@; cores as discussed below in
the Hirshfeld surface analysis fbr

r o 9
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(©)

Fig. 3: Molecular packing iri: (a) A view of the supramolecular
tape sustained by amide-N=B(amide) hydrogen bondsp)(
corrugated layers in thbc-plane whereby the tapes of (a) are
linked by pyridyl-G-H--N(pyridyl) interactions, andcf a view in
projection down theb-axis highlighting the stacking of layers.
The N-H-O and C-HN interactions are shown as blue and or-
ange dashed lines, respectively.

A very similar supramolecular tape is found in tngs-
tal structure of. Here, the tapes are aligned along dhe
axis and comprise alternating independent moleciligs
ure 4a Unlike the situation il where the pyridyl rings are
superimposed when viewed down the axis of the taje,
ure 3ain 2, the pyridyl rings in successive molecules com-
prising the tape have different orientations. @lbh mol-
ecules assemble in thab-plane with no specific interac-
tions between but are connected to adjacent ldyenseth-
ylene- and pyridyl-€H--N(pyridyl) interactions so that a
three-dimensional architecture resukgjure 4h

! P
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4 3 F
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Fig. 4: Molecular packing ir2: (a) A view of the supramolecular
tape sustained by amide-N-=B(amide) hydrogen bonds, ar) (
a view in projection down the-axis highlighting the stacking of

layers. The N-HO and C-HN interactions are shown as blue
and orange dashed lines, respectively.

Hirshfeld surfaces

In order to gain a deeper appreciation of the saptacular
association in the polymorpHsand?2, an analysis of the
Hirshfeld surfaces was conducte®]. The variation in the
crystal packing interactions due to the differeispdsitions
of the terminal pyridyl rings around the eight-mesrdxl
oxalamide chromophore in polymorplisand 2 can be
conveniently discerned from the views of Hirshfsldfac-
es. The molecular packing of both the polymorphseh
similar intra- and inter-molecular N=i® hydrogen bonds
and intermolecular C—=HN bonds. The intermolecular
interactions are evident from the views of Hirstifsurfac-
es mapped over electrostafiotential, Figure 5 The do-
nors and acceptor atoms participating in thesedotmns
are shown with respective positive (blue regionms) aega-
tive potentials (red regions). In the plots mappeer Gorm,
Figure § the bright-red spots on the surface indicate the
atoms involved in the interactions.
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(b)

Fig. 5: The electrostatic potential mapped over the Hitghfe
surfaces ford) 1 and f) 2, second molecule, highlighting the
regions of high electron density (red) and elecigifve regions
(blue).

6
12
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(b)

2 1

(©

Fig. 6: Views of dhorm mapped over on the Hirshfeld surfaces,
highlighting the regions involved in intermoleculH-O and
C—H-N interactions: ) 1, (b) 2, molecule 1, andcf 2, molecule

2.

The common features of the molecular packing and
2, are the intermolecular N= and C-HN interactions
indicated as 1, 2 and 3 figures 6a-c In the structure df,
the small but significant contributions from-~C and
C-0/0O-C contacts, Table 4, are due to the presence of sho
interatomic C8C8 (3.330(4) A) and C702/02-C7
(3.132(3) A) distances and appear as pale-red spothe
Hirshfeld surfaces marked with the labels 4, 5 &nth
Figure 6asymmetry operation %; 1y, 1.z The molecular
packing of in2 also features methylene-C=N and C-H=
interactions, and short interatomic non-bondedOHand
H-N contacts, highlighted as diminutive red spots &d
belled as 4, 5, 6 and 7 ingures 6b and.cThe presence of
these interactions may cause a slight increaseslative
contributions from NH/H-N contacts to the surface of
both molecules o2, and of OH/H-O to the surface of the
second molecule d¥ compared to that id, Table 4. The
appearance of a pale-orange spot on the surfac@edap
over d, within a red circle inFigure 7a and a bright-red
spot over the front side of shape-ind&gure 7h reflect
the contribution of the C—Ht interactions. The reciprocal
of these C—Hn interactions, i.en~H-C, is seen as a blue
spot on the surface mapped with the shape irfdigxre 7b

Tab. 4: Percentage contributions of various intermolecuatan-
tacts to the Hirshfeld surface areadl@nd2, the latter delineated
for the two independent molecules.

Contact % contribution
1 2

First Second

molecule molecule
H-H 44.1 35.8 36.9
O+H/H-O 15.7 14.2 19.6
N-H/HN 16.7 18.0 19.5
C-H/H-C 16.7 31.4 224
cC-C 2.7 0.1 0.3
C-0/0C 2.1 0.1 0.1
C-N/N-C 1.8 0.4 1.1
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Others 0.2 0.0 0.1

(b)

Fig. 7: Hirshfeld surface mapped f@ molecule 1: (a) overed
and (b) with shape-index, with arrows indicating tbresence of
C-H/H-C contacts

Figure 8presents images of the immediate environment
about the different molecules th and 2, and provides a
convenient visual summary of the interactions betwe
molecules.
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(b)

(©

Fig. 8: Views of the Hirshfeld surfaces mapped ouemtempha-
sising the interaction environment about a refezemolecule in
(@) 1, (b) 2, molecule 1, anccf 2, molecule 2.

The two-dimensional fingerprint (FP) plotsjgure 9
explain the formation of the distinct three-dimemsil
arrangements il and 2 through the various interactions
involving the different molecules. The overall pPts for
1 and2 (molecules 1 and 2Jsigure 9a show that the points
are distributed distinctly, and in this way provitiether
evidence of the choice of the space groupZowith two
independent, centrosymmetric molecules.

The FP plots delineated into-H contacts for2, Figure
9b, have two small adjacent peaks atdi ~ 1.2 A, and the
green points in the central region show greatesitierthe
points scattered in broader area of plots withsithgle peak
at the same d,; dlistance is common for both molecules.
The similar characteristic pairs of spikes atrdd ~ 1.9 A
appearing in the plots of all three molecules condi the
formation of almost identical intermolecular N=® hy-
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drogen bonds involving the same atoms of the oxalem
chromophoresFigure 9¢ The FP plots delineated into
N-H/H-N contacts for both molecules &f show similar
spear-like pairs with tips atedr d ~ 2.4 A and indicate
almost similar conformations;igure 9d The “forceps” in
the FP plot ofl arises as a result of the syn orientation of
terminal pyridyl rings,Figure 9d Figure 9eshows the FP
plots delineated into the-@&/H-C contacts, which exhibit
different shapes fot and2, and have quite disparate rela-
tive contributions, Table 4. A common feature bége
plots is the appearance of a pair of characterigtings’
and a pair of arrow-like shapes extending over(thed)
regions between 1.1 and 2.6 A.

The intermolecular interactions were further anadlys
using a new parameter, namely the enrichment (&)
which is evaluated on the basis of Hirshfeld swefanaly-
sis [b0]; the numerical values are listed in Table 5. Hfi®
value corresponding to-#H contacts is close to unity fdr
in accord with earlier published dat0]. By contrast, the
corresponding values for molecules 1 and 2adre re-
duced to 0.78 and 0.81, respectively, showing atquwo-
pensity for these contacts in the crystal structdrkis may
be due to the involvement of hydrogen atoms inrinte
lecular methylene-C—HN and C-Hr interactions in2
which in turn increase the ER values correspondimg
C-H/H-C contacts. The lower ER value for the latter con-
tacts inl correlates with the absence of comparable interac-
tions in its structure.

The occurrence of short inter atomic@and C:O/O-C
contacts in the structure df are also evident from their
respective ER values and prove the importance eir th
relatively small contributions to the Hirshfeld fage due
to the lower random contacts resulting from 13.6 ar0%
available surfaces for carbon and oxygen atompgertive-
ly. Molecules 1 and 2 o2 have negligible contributions
from the contacts correlating to their absence.
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Fig. 10: Fingerprint plots calculated fdrand 2 (delineated into the two independent moé=julg) overall
plot, and plots delineated intb)(H-H, (c) O-H/H-O, () N--H/H-N and €) C-H/H-C contacts.
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Tab. 5: Enrichment ratios for of and2, the latter delineated for
the two independent molecules.

Contact 1 2

First Second

molecule molecule
H+H 0.94 0.78 0.81
OH/H-0O 1.28 1.47 1.47
N-H/H~N 1.31 1.45 1.40
C-H/H-C 0.94 1.45 1.37
cC 1.60 - -
C-0/0C 0.90 - -

Computational Chemistry

Recently, a full theoretical analysis of the conifational
preferences of the isomeric N,N-bis(pyridin-n-
ylmethyl)thioxalamide derivatives, n = 2, 3 andi.4, the
thio derivatives related td and 2, was published J1].

Similar protocols were employed in the present $tiga-
tion in order to gain insight into the great comhational
differences exhibited in polymorpHsand?2, as illustrated
in the overlay diagrantigure 10

Fig. 10: Overlay diagram of the three experimental confiioms
found for theN,N'-bis(pyridin-3-ylmethyl)oxalamide molecule in
polymorphs1 (red image) an® — first independent molecule
(green) and second molecule (blue).

The first question addressed related to the cordtiom
about the NC(=0) bonds, i.e. the global conformation in
the central residue. Based on the assumption diipieu
bond character in the-XC bond (see below), the different
conformations can be labelled as ZZ, EZ and EE,Fsge
ure 11for images of the different conformations. Frdm t
data in Table 6, the all Z conformation is cleahg most
stable. This observation correlates with the mwkecular
N-H...O hydrogen bonds which close S(5) loops in the ZZ
conformation, Table 3, only one of these persistthe EZ
form and none in the all E arrangement. For tHated
thioamide compounds5]l], the reduction in the MNH...S
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hydrogen bonds results in a reduced energy oflsation
to the overall conformation in the EZ and, espégidtE
conformations. The new results are therefore stesi
with the literature $1].

I O
'ZE' N N
H/ 4§7N \ N/
\
@) H
H O _—
O
e\ I\

Fig. 11: Envisaged isomers for N,N'-bis(pyridin-3-
ylmethyl)oxalamide. The Z/E designation refersthe relative
positioning of the methylene-C and carbonyl-O atoos,both
sides of the molecule, which may be interchangedrdigtion
about the N—-C(methylene) bond.

Tab. 6: Relative energies at 298.15 K and in kcal:fof possi-
ble conformers of N,N'-bis(pyridin-3-ylmethyl)oxalamide, as
calculated from theory

Conformer AG° AEzpre AE
Y4 0 0 0
ZE 6.1 5.9 6.0
EE 11.6 10.6 10.6

Having established the global stability of the Z@ne
formation, attention was then directed toward disthing
the relative stability of the different conformati of the
pyridyl residues with respect to the central regjdihese
were generated by rotations about the methylene-C—
C(pyridyl) bond. Four low-energy conformationsfetiing
by no more than 1 kcal/mol were revealed, TableTwo
conformations were based on the letter U, i.e. with
pyridyl ring syn with respect to the central plan®ne
option with lowest energy has, Gymmetry with a non-
symmetric form, as id, being marginally higher in energy.
The S-shaped option with inversion symmetry, a8, ihad
the same energy as the symmetric U-shape; the non-

Author Title File Name
Mukesh M. Jotani, Julio Structural, Hirshfeld surface and theoretical asialyof two conformational 3c_J_4.docx
Zukerman-Schpector,  Lucagpolymorphs ofN,N'-bis(pyridin-3-ylmethyl)oxalamide

Sousa Madureira, Pavel

Poplaukhin, Hadi D. Arman,

Tyler Miller and Edward R. T.

Tiekink

Date
30.10.2017

Page
18 (22)



symmetric S-shape was 0.4 kcal/mol higher in energy
These calculations suggest that polymogols the more
stable, by 0.5 kcal/mol.

Tab. 7: Relative energies at 298.15 K and in kcal:ffr four
relative conformations of the pyridyl rings MN'-bis(pyridin-3-
ylmethyl)oxalamide, as calculated from theory.

Conformer AG° AEzpe AE

U (2-fold) 0.0 0.0 0.0
U (non-symmetric) 0.5 0.7 0.7
S (centrosymmetric) 0.0 0.0 0.1
S (nhon-centrosymmetric 0.4 0.5 0.7

One final point concerning the molecular structuises
worth highlighting, namely, the magnitude of thaical C-
C bond. This is unusually long for a standarétGpC(sp)
bond and usually attracts a level C alert in PLATQN].
In the following discussion, the S-centrosymmetriole-
cule was chosen for analysis as this conformatsoonar-
mally observed in co-crystals/salts formed by themide
described hereinsp]. In this energy-minimised structure,
the central C-C bond length is 1.543 A, and is dooad
with the experimental values, Table 2. The bordkpdata
collated in Table 8 is consistent with delocalisatof =
electron density over the oxygen and nitrogen atofithe
central residue which results in increasmgharacter in the
C-N bond with a concomitant reduction in the douied
character of the C=0 bond, as discussed previduslihe
thioamide analogue${].

Tab. 8: Calculated bond orders and charggswithin the
amide group in the energy minimised structure (S-
centrosymmetric) of N,N'-bis(pyridin-3-
ylmethyl)oxalamide.

Bond Cc=0 C-N c-C
Giambiagi-Mayer bond orders

1.683 1.158 0.883
Wilberg bond index

1.614 1.251 0.909
Atom carbonyl-O  amide-N central-C
NPA chargessd)

-0.642 -0.628 0.605
Léwdin chargesd)

-0.144 -0.321 0.128
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Conclusions

Two polymorphs have been characterised 6N~
bis(pyridin-3-ylmethyl)oxalamide, ayn-periplanail) and
ananti-periplanaform (2). These are examples of confor-
mational polymorphism for which a recent surveygasi-
ed 74% of examples had energy differences less 1tan
kcal/mol [p3]. Computational chemistry suggests that the
2-fold symmetric syn form is equal in energy to teatro-
symmetric anti form. While the non-symmetric symnf
found experimentally is less stable, no doubt the&s lin
stability corresponding to the loss of symmetrgasnpen-
sated by global crystal packing effects. Vindiegtithis
conclusion are the crystal packing indices of 7amd
69.9%, respectively. Further, it is noted that syl anti
forms of a closely related molecule, 4-[2-(pyridin-
ylethyl]pyridine, are found within the same crysséruc-
ture, i.e. in its 1:1 co-crystal with bis(2-hydrghenyl)-4-
hydroxyphenylmethane&s§]. Finally, it is noted tha? was
isolated from a failed co-crystallisation experimenAs
noted by Arora and Zaworotko, co-crystallisatiorpen-
ments often result in the isolation of a new polyptoof
one of the coformers. It was also suggested seatimblo-
gy should be employed in any thorough polymorpleear
of active pharmaceutical ingredients].
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