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Abstract: The crystal structure of (E)-4-chloro-2-((pyridin-2-ylimino)-methyl)-
phenol, recently published by Yildirim et al. in J. Serb. Chem. Soc. 83 (2018)
707-721, is revised. Refinement of the new structural model against original
X-ray diffraction data, deposited with the Cambridge Crystallographic Data
Centre, proved that the compound studied by single crystal X-ray diffraction was
actually (E)-4-chloro-2-((pyridin-3-ylimino)methyl)phenol.

Keywords: N-(5-chlorosalicylidene)-3-aminopyridine; N-(5-chlorosalicylide-
ne)-2-aminopyridine; X-ray crystallography; revision.

In the recent paper' by Yildirim et al., published in the Journal of the Ser-
bian Chemical Society, the crystal structure of the (£)-4-chloro-2-((pyridin-2-yli-
mino)-methyl)phenol is reported (Fig. 1a). The visual inspection of ORTEP rep-
resentation of the molecular structure (hereafter referred to as model A), as
depicted in Fig. 1 of the original paper, already points to the suspicious looking
displacement ellipsoids of atoms C10 and N2. To investigate the matter further,
the original data were retrieved in CIF format from the Cambridge Crystallo-
graphic Data Centre (CCDC), deposited by the authors as CCDC 1564849.

The crystal structure validation of model A by PLATON,>’ reveals several
serious problems with the proposed crystal structure. Several significant viol-
ations of Hirshfeld rigid-bond test are most severe.* As summarized in Table I,
the difference between components of the atomic anisotropic displacement
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112 RODIC

parameters, along chemical bonds involving atoms N2 and C10, deviate over five
standard uncertainties from zero, which may be caused by the atomic sites assigned
the wrong scattering type.’

cl _N | N\ al N | e
/ B
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Fig. 1. Structural formulas of (£)-4-chloro-2-((pyridin-2-ylimino)-methyl)phenol (a) and

(E)-4-chloro-2-((pyridin-3-ylimino)methyl)phenol (b).

TABLE 1. Significant Hirshfeld rigid bond test violations (Az* / 6(Az%) > 5) present in model A,
calculated by PLATON; A = |zz(l—>J) - zz(J—>I)\, where zz(l—>J) denotes the mean square
displacement amplitude of atom / in the direction of atom J (parallel to the bond)

Bond I-J 2(I—J) | A® 2(J—D)/ A® Az | A® Az o(AZ)
N2-C8 0.0535(17) 0.0387(12) 0.015(2) 7.5
N2-C12 0.0551(17) 0.0409(17) 0.014(2) 7.0
C9-C10 0.0375(16) 0.0254(14) 0.012(2) 6.0
C10-Cl11 0.0395(14) 0.0509(16) 0.011(2) 5.5

Additionally, the analysis of crystal packing of model A reveals exorbitantly
short intermolecular H10---H3' contact of 2.13 A [symmetry operation: (i) —%+x,
%—y, —/»+z], which indicates that the incorrectly determined H10 atom position
as this distance is significantly less than the sum of their van der Waals radii
(2.4 A).

Next, an alternative way of structure validation by the use of a vast amount
of structural data available in the Cambridge Structural Database (CSD)’ was
performed. The Mogul program compares the geometrical parameters of the
structure at hand to similar structures in the CSD and returns the assessment of
how unusual a parameter is via an appropriate figure of merit.® A Mogul geo-
metry check was performed for model A against the similar structures with Ry <
< 0.05, excluding organometallics and powder structures, by using Mercury
CSD’ as interface and CSD version 5.39 (updated Aug, 2018). Table II lists all
parameters detected as unusual by Mogul, together with the corresponding sta-
tistics. It is evident that bond lengths involving N2 and C10 are inconsistent with
database entries, together with most valence angles belonging to pyridine ring.
Interestingly, the mean values of database entries match very well those of struc-
tural parameters devised by the theoretical calculations reported by the authors.'
The conformation around C8—N1 bond is in serious disagreement with the data in
the CSD, as displayed by ca. 156° absolute difference between C9—-C8-N1-C7 or
N2—-C8-N1-C7 torsion angles and the nearest torsion angle in the corresponding
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CSD sample. This means that it is highly expected that conformation along
C8-N1 bond is syn-periplanar, contrary to the situation found in model A.

TABLE II. Mogul geometry check results showing fragments with unusual geometry; x: query
value; N: number of CSD hits (sample size); u: mean of sample distribution; o: standard
deviation of sample distribution; dp,;,: the difference between x and the nearest torsion angle in
the corresponding sample; Local density: the percentage of experimental measurements in the
corresponding sample that are within 10° of the value x. Parameter x is classified as unusual if
|x —u| / 0> 2 for bond lengths and valence angles, or local density < 5% for torsion angles

Bond x/A N ul A ol A k—ul /A |[x—uylo
C8-N2 1.381 61 1.339 0.012 0.042 3.47
C12-N2 1.384 3242 1.340 0.010 0.044 443
C9-C10 1.343 8786 1.385 0.010 0.042 4.15
C10-Cl11 1.333 8781 1.380 0.014 0.047 3.44
Angle x/° N wl® 2 x—pl/° x—p/o
C9-C8-N1 124.34 27 117.59 1.27 6.76 5.34
C9—-C8-N2 117.54 48 122.31 1.16 4.77 4.13
C10-C9-C8 123.71 58 118.83 0.81 4.88 6.03
C11-C10-C9 117.49 9258 120.34 0.70 2.85 4.07
C10-C11-C12 122.76 2421 118.38 0.79 4.38 5.57
C11-CI2-N2 119.46 3006 123.71 0.89 4.26 4.78
Torsion angle x/° N |dmin] / ¢ Local density / %

C9-C8-N1-C7 —2.45 26 155.83 0.0

N2-C8-N1-C7 178.01 26 156.09 0.0

Finally, the crystallographic model A and diffraction data in SHELXL® read-
able formats were extracted from the deposited CIF file by the SHREDCIF® pro-
gram. Inspection of the residual electron density map (Fig. 2a), generated after the
refinement of the model A against original diffraction data, undoubtedly indicates a
case of a wrong atom type assignment. It is clearly seen in Fig. 2a that model A has

a) b)

Fig. 2. Contours of residual electron density in the plane of pyridine ring for models A (a)
and B (b). The contour lines are drawn with 0.10 eA™ increments.
() Ap>0; (=) Ap=0;(---) Ap <0.
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the excessive electron density (negative residual density) in the positions N2 and
H10, as well as the insufficient electron density (positive residual density) in
position C10.

Bearing in mind all previously discussed matter, a revision of the structural
model is proposed and validated. In short, the compound is reformulated as
(E)-4-chloro-2-((pyridin-3-ylimino)methyl)phenol, (Fig. 1b), hereafter referred to
as model B. Structure was refined against original reflection data by SHELXL®
and ShelXle.” Crystallographic and refinement details for models A and B are
compared in Table III. The revised structure has been deposited with the CCDC
(deposition number 1869718) and can be obtained free of charge via https://
/I'www.ccdc.cam.ac.uk/structures/. The ORTEP representation of the molecular
structure of model B is represented in Fig. 3.

TABLE III. Crystallographic data and comparative refinement details for models A and B;
weighting scheme: w = U[e*(F,}) + (aP)* + bP], where P = (F,> + 2F.%)/3; extinction
correction by SHELXL: F,” = kF.[1 + 0.001xF.A*/sin(26)] "

Chemical formula C1,HoCIN,O

M/ gmol” 232.66

Crystal system Monoclinic

Space group P2/n

al A 4.5628(4)

b/A 19.3486(17)

c/A 12.0485(11)

pre 95.270(3)

VA 1059.19(16)

V4 4

1 (Mo Ka) / mm™' 0.34

No. of measured reflections 22333

No. of independent reflections 2177

No. of observed [I > 26(I)] reflections 1715

Rin 0.052
Refinement details Model A Model B
No. of parameters refined 150 150
Weighting scheme parameter a 0.117 0.0515
Weighting scheme parameter b 0.8219 0.4352
Extinction coefficient x 0.016(6) 0.025(3)
R, [1>20(D] 0.060 0.039
R, [all data] 0.075 0.053
WR, [1>20(1)] 0.181 0.099
WR; [all data] 0.202 0.111
S 1.085 1.051
Apimaxs Apin / €A 0.65, —0.60 0.19,-0.26
C-C bond precision, A 0.0037 0.0026
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Fig. 3. The molecular structure of model B
(E)-4-chloro-2-((pyridin-3-ylimino)methyl)-
phenol with atom numbering scheme. Dis-
placement ellipsoids are drawn at 50% pro-
bability level. Hydrogen atoms are drawn as
spheres of arbitrary radii.

The refinement of model B resulted in significant improvement of the crys-
tallographic R factors. The residual density map corresponding to model B shows
the extrema of —0.26 and 0.19 eA™, compared to —0.60 and 0.65 eA™ in model A.
It is more important that the residual density map for model B shows no significant
features at atom positions (Fig. 2b), indicating the correct placement of the atom
types. Additionally, six positive residual electron density peaks are located within
atom—atom bonds, which is an indicator of a good quality of both diffraction data
and structural model. Also, model B is free from violations of Hirshfeld rigid bond
test. No unreasonably short intermolecular atom—atom contacts are observed in
model B. Mogul geometry check reveals no unusual structural parameters when
model B is validated using the same criteria as for model A. In addition to obvious
superiority in matching experimental diffraction data, the model B has no
contradiction with other data obtained by the experimental characterization (FTIR,
'H-NMR, "C-NMR and UV spectroscopy). Last but not least, the literature survey
reveals that the synthesis of (£)-4-chloro-2-((pyridin-3-ylimino)methyl)phenol was
already reported,'® " together with its NMR characterization,'' and structural
characterization by single crystal X-ray crystallography."

To conclude, the detailed validation of the crystal structure of (£)-4-chloro-2-
-((pyridin-2-ylimino)methyl)phenol already published in the paper' proved
incorrect as it suffers from the wrong atom type assignment errors. The corrected
model of (£)-4-chloro-2-((pyridin-3-ylimino)methyl)phenol, proposed in this
Letter is free from such flaws. The correction made should help to correctly guide
the research that is built on the previous paper. Otherwise, such research may be
ill-fated, misguided by faulty crystal structure and mistaken chemical identity of
the compound under study. Finally, the conclusions drawn in the paper' should be
reexamined in the light of corrections presented here. We hope that this Letter will
help to avoid similar errors in future crystal structure determinations.

Acknowledgement. The access to the CSD-Enterprise is provided by research grant No.
OI 172014 from the Ministry of Education, Science and Technological Development of the
Republic of Serbia.
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U3BOJ
KOMEHTAPHU HA PALI 100 HACJIOBOM DFT U3PAYYHABAIGE, BUOJIOIIKA
AKTHUBHOCT, TTIPOYUYABAIGE JETEKIIMJE AHJOHA U KPUCTAJIHA CTPYKTYPA
(E)-4-XJIOPO-2-[(ITUPUIWH-2-UWJIMMHUHO)-METHUJI]®EHOJIA, AYTOPU: NURAY
YILDIRIM, NESLIHAN DEMIR, GOKHAN ALPASLAN, BAHADIR BOYACIOGLU,
MUSTAFA YILDIZ U HUSEYIN UNVER, OBJABJbEH Y JOURNAL OF THE SERBIAN
CHEMICAL SOCIETY, VOLUME 83, ISSUE 6, 2018, PP. 707-721

MAPKO B. POIWR

Yuugepsuineii y Hosom Cagy, [Ipupogno—maitiemaiiuuku Gaxyniveid, Tpi Jocuitieja Odpagosuha 3, 21000

Hosu Cag

PesupmupaHa je xpHucTanHa cTpykrypa (E)-4-x10po-2-((MMpuauH-2-UIMMHHO)-METHI)-

(enona, HemaBHO objaBbeHa y J. Serb. Chem. Soc. 83 (2018) 707-721, aytopa Yildirim et al.
YTaumaBameM KOPHUTOBAHOT MOZeNa MOMOhy OPUTHHANHUX NU(PaKIHOHUX MOAATaKa, Jero-
HoBaHux y Cambridge Crystallographic Data Centre, [oka3aHo je fia je jenumbemhe UICIUTHBAHO

pe

HOTEHCKOM CTPYKTypDHOM aHaiu3oM 3ampaBo (E)-4-xmopo-2-((mUpHUAnH-3-UITHMHUHO)-

-MeTu1)(eHo.

1
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(ITpumsseno 25. centemdpa, npuxsaheno 3. okrodpa 2018)
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