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The reaction between equimolar 2-chloronicotinoyl chloride and 2-mercaptopyridine in CICH,CH,Cl,
after 30 minutes refluxing in CICH,CHCl solution, produced pyrido[2,3,b][1,5]benzothiazepin-
S5(H)one 7, and 6-[3-(2-benzothiazolyl)pyridin-2-yl)thio]-N-[3-(2-benzothiazolyl)pyridin-2-yl]aniline
8. In contrast, the reaction using the same reaction conditions between equimolar 2-chloronico-
tinoyl chloride and 2-hydroxypyridine, produced the simple amide, 2-chloro-N-(2-hydroxyphenyl)
nicotinamide 9. 2-Chloro-N-(2-mercaptophenyl)nicotinamide was considered to be a common
intermediate in the formation of 7 and 8. The characterizations of 7-9 were achieved by X-ray
crystallography. The conformations of 7 and 8 in the solid state can be described as “U” and
“V”-shaped, respectively.

Keywords: 2-Benzothiazolyl derivatives; 2-Chloronicotinoyl chloride; X-ray crystallography;
Pyrido[2,3,b][1,5]benzothiazepin-5(H)one

1. Introduction

Pyridine derivatives, due to their general wide ranging pharmaceutical uses, and in partic-
ular, their use in the treatment of current world wide diseases such as tuberculosis, attract
much attention and study. The simple molecule, nicotinic acid (pyridine-3-carboxylic acid),
also known as niacin and vitamin Bs;, is found in various plants and animals and has vital
roles in such biological processes as production of energy, signal transduction, regulation
of gene expression and synthesis of fatty acids, cholesterol and steroids [1]. The derivative,
2-chloronicotinoyl chloride, 2-Cl-3-C1CO-pyridine, 1, a di-electrophilic compound, has been
found to be a particularly useful precursor of more complex pyridine derivatives. As expected,
reactions of 1 with mono-nucleophiles such as simple amines, RNH, (R = alkyl or aryl),
occur at the more reactive acyl chloride site to give amides, 2-Cl-3-RNHCO-pyridine 2 [2, 3].
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Table 1. Crystal data and structure refinement.
Compound 7 8 9
Empirical formula C2HgN,0S C30Hp0N5S3 C12HoCIN; O,
Formula weight 228.26 546.69 248.66
Temperature, ﬂK 120(2) 120(2) 120(2)
Wavelength, A 0.71073 0.71073 0.71073
Crystal system Monoclinic Monoclinic Monoclinic
Space group P21/c P21/a C2/c
Unit cell dimensions
a,A 4.3210(2) 7.4539(3) 12.5286(3)
b, A 25.8549(18) 24.0296(5) 7.9125(3)
c, A 9.3805(7) 13.8094(5) 22.1185(7)
B° 101.525(4) 101.0980(15) 97.3580(18)
Volume, A3 1026.85(12) 2427.20(14) 2174.61(12)
Z 4 4 8
Density (calculated), Mg/m?> 1.477 1.496 1.519
Absorption coefficient, mm™! 0.291 0.338 0.341
F(000) 472 1132 1024
Crystal size, mm 0.18 x 0.10 x 0.04 0.25 x 0.15 x 0.04 0.45 x 0.30 x 0.10
Theta range for data collection, ° 3.15t027.47. 2.95t0 27.57. 3.13 to 27.53.
Index ranges —5<=h<=35; —9<=h<=8; —15<=h<=16;
—33 <=k <=32; —28 <=k <=31 —10 <=k <=10;
-1l <=1<=12 —17<=1<=17 —28 <=1<=128
Reflections collected 9335 29813 13546
Independent reflections 2337 5567 2507

Reflections observed (>20)
Data Completeness
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?
Final R indices [I > 2sigma(I)]

R indices (all data)

Largest diff. peak and hole, eA 3

[R(int) = 0.0687]

1728

0.988

None

Full-matrix least-
squares on F?

2337 /0/ 148

1.035

R1 =0.0512

wR2 =0.1122

R1 =0.0796

wR2 = 0.1237

0.317 and —0.382

[R(int) = 0.0570]

4084

0.991

None

Full-matrix least-
squares on F?

5567 / 0/ 349

1.016

R1 =0.0423

wR2 = 0.0964

R1 =0.0684

wR2 =0.1074

0.329 and —0.424

[R(int) = 0.0377]

2102

0.996

None

Full-matrix least-
squares on F?

2507 / 0/ 160

0.946

R1 =0.0353

wR2 = 0.0943

R1 = 0.0464

wR2 = 0.1009

0.263 and —0.290
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Other reports have indicated that reactions with di-nucleophiles, or sequentially, with
two nucleophiles, can lead to fused heterocyclic products, due to reactions at both
electrophilic sites [3,8]. Thus, with 2-aminopyridines, 2-H,N-pyridine (X = Me or H),
5-0x0-5,6-dihydrodipyrido[ 1,2-a:3',2"-e]pyrimidin-11-ium chlorides 3, can be obtained via
the intermediacies of 2-Cl-3-(X-pyridin-2-yl-NHCO)-pyridine 4, (scheme 1) [4, 9, 10].

In contrast to the 2-aminopyridine reactions, both 2-hydroxypyridine and 2-
mercaptopyridine, under similar reaction conditions as used for 2-H,N-pyridine, only provided
the non-cyclized ester, 2-Cl-3-(pyridin-2-yl-CO,)-pyridine 5, and thioester, 2-CI-3-(pyridin-
2-yl-SCO)-pyridine 6, respectively [4].

Reaction of 2-chloronicotinoyl chloride, 1, with 2-mercaptoaniline was initially reported
by Hoffman and Faure using benzene as the solvent, in the presence of pyridine [11] using a
reflux period of 3 hours: they reported the formation only of pyrido[2,3,b][1,5]benzothiazepin-
5(H)one 7. Other authors have also reported the formation of this benzothiazole [12—15]. We
have reinvestigated the reaction of 1 with 2-mercaptoaniline using different reaction conditions
[CICH,CH,C1 as solvent and a: 30 min. reflux period] and have found, as well as, 7 an addi-
tional product, 6-[3-(2-benzothiazolyl)pyridin-2-yl)thio]-N-[3-(2-benzothiazolyl)pyridin-2-
yl]aniline 8. Reaction of 2-hydroxyaniline, under the same conditions, merely produced the
amido compound, 2-chloro- N-(2-hydroxyphenyl)nicotinamide 9.

We now report our results, which include the crystal structures of 7-9, products of
the reactions between 1 and 2-mercaptoaniline and 2-hydroxyaniline in 1,2-dichloroethane
(table 1).

2. Results and discussion

The reactions between equimolar 1 and 2-mercapto- and 2-hydroxyaniline were carried out, in
this study, in CICH, CH,Cl solution with a 30 min. period of reflux. Products were isolated by
fractional recrystallisation. With 2-mercaptoaniline, the products isolated were 7 as previously
reported [11], and the new bis benzothiazole compound, 6-[3-(2-benzothiazolyl)pyridin-2-
yDthio]-N-[3-(2-benzothiazolyl)pyridin-2-yl]aniline 8, see (scheme 1). Hoffman and Faure
[11] carried out their reaction between 2-chloronicotinoyl chloride and 2-mercaptoaniline in
benzene in the presence of pyridine with a 3 hour period of reflux.

We assume that the amide, 2-chloro-N-(2-mercaptophenyl)-nicotimamide, 10, is the initial
product and precursor of both 7 and 8. The formation of compound 8 then is formed
sequentially from 10 via formation of the benzothiazole, 11, followed by reaction of two
molecules of 11 with 2-HSC¢H4NH; at both nucleophilic centres of the latter. Formation of
7 occurs simply by ring closure on reaction of the mercapto group with the chloro group
(scheme 2).

There are various literature examples of the formation of benzothiazoles from 2-
mercaptoanilines and acid halides [16,17]. Moreover, other carbonyl compounds, RCOX
(X =OH, OR and H) and polymer-bound esters have also been used in the formation
of benzothiazoles [18-20]. Reactions with acids and esters proceed readily in the pres-
ence of polyphosphoric acid, while syntheses of benzothiazoles from 2-mercaptoaniline and
aldehydes, require a subsequent oxidative-cyclization of the initially formed Schiff bases
[21-26]. While these reactions are general, specific reactions involving pyridine compounds
include the following: in the patent literature, it has been reported that nicotinic acid and
2-HSCgH4NH; in the presence of ethyl polyphosphonate, produced 3-(2-benzothiazolyl)-
pyridine [27] and reaction of 6-Cl-3-CIC(O)-pyridine with 2-HSC¢H4NH, simply gave
6-Cl-3-(2-benzothiazolyl)pyridine, with the chloro group remaining unaffected [28].
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Figure 1. Structures of compounds with seven membered rings.

Tricyclic benzazapine derivatives, such as 7 and related compounds, e.g., 12 [29, 30] have
been reported to have various useful biological properties, such as anti-histamine and anti-
convulsive agents [11], HIV reverse transciptase inhibitors [31], and oxytocin and vasopressin
antagonists [32] (figure 1). Similarly, compounds containing a fused benzene ring and the
seven membered ring, as in diltiazem 13, a calcium channel blocking agent, also have useful
biological activites (figure 1).

Compound 8, having two benzothiazole units, is of interest for further study of its biological
activities and as a ligand for metal complexation. 2-Arylbenzothiazoles, in general, form a
very important class of biological active compounds [33-35].

2.1 Reaction with 2-hydroxyaniline

It was found that from 2-hydroxyaniline, the sole reaction product isolated under the same
conditions used for the 2-mercaptoaniline reaction, was the amido derivative 2-chloro-N-(2-
hydroxypyridin-2-yl)nicotinamide 9, (scheme 3).

0
H,N
| =y el 2 :@ CICH,CH,CI _ dk
+
N/1 cl HO reflux 30 min. cl

SCHEME 3



12: 06 25 January 2011

Downl oaded At:

Comparison of the reactivities 197

Compared to 2-mercaptoaniline, 2-hydroxyaniline, clearly is a much less reactive com-
pound, as shown by the formation of just the amide 9. There was no evidence for further
reaction, involving the HO group, either in formation of a benzo-oxazole or ring closure
etc with the chloro group. Matsushita et al. [18] also found 2-HOC¢H4NH, to be less reac-
tive than 0o-HSC¢H4NH; in reactions with polymer-bound esters, in the presence of a Lewis
acid. The results can be explained by sulfur being a much more effective nucleophile than
oxygen which renders a mercapto group more reactive than a hydroxyl group towards a
halide.

The only other compound isolated from the reaction mixture of 1 and 2-hydroxyaniline was
a little 2-chloronicotinic acid, formed on hydrolysis of 1.

2.2 Crystal structure of pyrido[2,3,b][1,5]benzothiazepin-5(H)one (7)

The crystal used in the X-ray structure determination was grown from ethanol solution.
The atom numbering scheme and atom arrangements are shown in figure 2. The seven
membered ring in 7 has a boat-shaped conformation, with S1, C6 and N2 atoms on the
same side of the plane through the remaining ring atoms. Similar conformations have also
been reported for the seven membered rings in 12 [30] and in 2-EtS-4-Me-5(4H)-oxopyrido
[3,2-f][1,4]thiazepine-3-carbonitrile, 14 [36] (figure 1). The overall shape of the molecules
of 7 is “U”-shaped. The angle between the planes of the pyridine and the phenyl rings is
64.26(7)°. Selected bond lengths and angles are listed in table 2. The N2-C7 and N2-C6 dis-
tances are significantly different in 7, with N2-C7 [1.420(3) Al slightly longer then a usual
single bond [1.40 /0\] and N2-C6 [1.348(3) A] between a single and double bond lengths [1.24
A]. The bonds, C12 and S1 [1.766(2) A] and C5-S1 [1.773(2) A] are close to the accepted
C(sp?)-S single bond length [1.76 A]. The geometric parameters of the phenyl and pyridinyl
rings are normal.

Hydrogen bonds involving the amido group lead to symmetrical dimers as shown in figure 2.
In addition to these strong H-bonds, weaker C4-H4 — S1 hydrogen bonds are also present.

symmetry operation : _3 = -x, l-y, -z

Figure 2. Atom arrangements and dimer formation in (7).
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Table 2. Selected bond lengths [A] and angles [°] for (7).

S1-C12 1.766(2) S1-C5 1.773(3)
01-C6 1.238(3) N2-C6 1.348(3)
N2-C7 1.420(3) N1-C4 1.335(3)
N1-C5 1.338(3) C1-C5 1.391(3)
Cl12-S1-C5 98.98(11) Cl1-C5-S1 120.89(18)
C5-C1-C6 124.3(2) N2-C6-C1 121.5(2)
C6-N2-C7 130.2(2) C12-C7-N2 122.1(2)
C7-C12-S1 121.15(19)

Hydrogen bonding parameters
D-H - A D-H (A) H - AA) D - A(A) D-H - A(°)
N2-HN2 - Ol 0.88(3) 1.97(3) 2.845(3) 171(2)
C4-H4 — S1¥ 0.95 276 3.593(3) 146

Symmetry operations: i: —x, | —y, —z;ii: =1 +x,1/2 -y, —1/2 4+ z.

2.3 Crystal structure of 6-[3-(2-benzothiazolyl)pyridin-2-yl)thio|-N-[3-(2-benzothiazolyl)
pyridin-2-yl]aniline (8)

The sample used in the X-ray crystallographic study was grown from CICH,CH,Cl solution.
Atom numbering scheme and atom arrangements for 8 are shown in figure 3a. Selected bond

®

N

(d)

Figure 3. (a) Atom arrangements in (8); (b) the V-shape conformation of (8); (c) Intramolecular H-bonds in (8);
(d) Chain of molecules of 8 linked by a C-H — N hydrogen bond: the benzothiazole moieties have been omitted for
clarity.



12: 06 25 January 2011

Downl oaded At:

Comparison of the reactivities

Table 3. Selected bond lengths [A] and angles [°] for compound (8).

199

S1-C41 1.771(2) S1-C6 1.7791(19)
S2-C16 1.733(2) S2-C8 1.763(2)
$3-C26 1.735(2) $3-C7 1.762(2)
N11-C31 1.372(3) N11-C1 1.396(3)
N12-C8 1.285(3) N12-Cl11 1.392(3)
N13-C7 1.297(3) N13-C21 1.391(2)
N1-C35 1.339(3) N1-C31 1.339(3)
N2-C45 1.335(3) N2-C41 1.337(3)
C41-S1-C6 101.39(9) C16-S2-C8 89.04(10)
26-S3-C7 89.23(10) C31-N11-Cl1 129.64(17)
C8-N12-C11 112.21(18) C7-N13-C21 111.59(17)
C35-N1-C31 118.56(18) C45-N2-C41 118.72(17)
Hydrogen bonding parameters
D-H- A D-H (A) H - AA) D - A(A) D-H - A(°)
N12-H2N - S1 0.70(3) 2.63(3) 2.8390(18) 101(2)
NI11-HI1IN — S1 0.88(2) 2.61(2) 3.0421(17) 111.5(18)
NI11-HI1IN - N13 0.88(2) 1.94(2) 2.701(2) 144(2)
C2-H2 - N1 0.95 2.30 2.880(3) 119
C3-H3 - N2! 0.95 2.59 3.312(3) 133
C22-H22 - N12 0.95 2.60 3.440(3) 148
C33-H33 - S3 0.95 2.64 3.079(2) 109
C43-H43 - S2 0.95 2.59 3.043(2) 110

Symmetry operation: i: 1/2 4+x,3/2 —y,z

lengths and angles are listed in table 3. The conformation of 8, like that of 7, is unexpectedly
V-shaped, (figure 3b). Each of the two 3-(2-benzothiazole)-pyridinyl moieties are essentially
planar: the atom most out of the best plane (plane A) through the atoms, C31-C35, N2, C21-
C26, S3,C7 is C33 [at 0.1044(19) A] and that most out of the best plane (plane B) through
C11-C16, N12, C42, C8, S2, C41-C45, N2 is C44 [at 0.0399(19) A], with an angle between
these best planes of 84.53(3)°. Furthermore, plane A is near orthogonal to the phenyl ring,
C1-C6, actual angle being 89.83(5)°, compared to the angle of 25.43(5)°, which plane B makes
with the phenyl ring. This arrangement allows the formation of numerous intramolecular
H-bonds (figure 3c). With this solid state conformation, compound 8 has several donor atoms
arranged in an ideal manner to make polydentate interactions with metallic species within the
V-shaped cavity. This possibility is being investigated.

In addition to these intramolecular hydrogen bonds, there is a weak intermolecular C(3)-
H(3) — N(2) hydrogen bond, which results in the formation of chains (figure 3d).

2.4 Crystal structure of 2-chloro-N-(2-hydroxypyridin-2-yl)nicotinamide (9)

The sample used in the X-ray crystallographic study was grown from EtOH solution. The atom
numbering scheme and atom arrangements for 9 are shown in figure 4a. All bond lengths and
angles are in the normal ranges. The central fragment, C8, N2, C7, O1, C3 is essentially planar
with the pyridinyl and phenyl rings making angles of 19.58(9) and 9.04(9)°, respectively with
this central fragment. As can be seen in table 4 and figure 4a, intramolecular hydrogen bonds,
both strong, N2-H2N — CI1 and N2-H2N - 02, and weak, C13-H13 — Ol1, are present.
Intermolecular hydrogen bonds, again both strong and weak also arise. Figure 4b shows the
chain formed from the strong O2-H20 — O1' interaction; symmetry operation: i 1/2+x,
1/24y, z.
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Figure 4. (a) Atom arrangements and intramolecular hydrogen bonds in (9); (b) chain of molecules of (9) linked
by a O-H - O hydrogen bond.

Table 4. Selected bond lengths [A] and angles [°] for compound (9).

N1-C6 1.339(2) N2-C7 1.338(2)
N2-C8 1.4179(19) N1-C2 1.324(2)
N2-C7-C3 117.76(14) C7-N2-C8 128.94(14)
01-C7-N2 122.10(14)

Hydrogen bonding parameters
D-H - A D-H (A) H - AA) D - A(A) D-H - A(°)
N2-H2N - Cll 0.87(2) 2.29(2)) 2.9922(14) 137.7(17)
N2-H2N - 02 0.87(2) 2.11(2) 2.5716(19) 112.5(17)
02-H20 - Ol 0.94(2) 1.71(2) 2.6429(17) 174(2)
C4-H4 - 0211 0.95 247 3.323(2) 149
C6-H6 — Cl1i 0.95 2.82 3.7411(18) 165
CI3-H13 - 01 0.95 233 2.9038(19) 118

Symmetry operations: i: 1/2 +x, 1/2 4y, z;ii: —=1/2+x, —=1/2+y,z;iii: 1/2 —x,—1/24+y, 1/2 — z.

3. Experimental section

3.1 General

Melting points were measured on a Melt-Templl instrument. Infrared spectra were obtained
in KBr pellets at room temperature on a Nicolet Magna 760 FT-IR instrument, with 4 cm™!
resolution.

3.2 Preparation of pyrido[2,3,b][1,5]benzothiazepin-5(H)one (7) and 6-[3-(2-benzothia-
zolylD)pyridin-2-yl)thio J-N-[3-(2-benzothiazolyl)pyridin-2-ylJaniline (8)

A solution of 2-chloronicotinoyl chloride, 1, (0.880 g, 5 mmol) and 2-mercaptoaniline (0.625,
5 mmol) was refluxed in 1,2-dichloroethane for 30 min, cooled and rotary evaporated to leave
a solid residue. This was dissolved in 1,2-dichloroethane and 6-[3-(2-benzothiazolyl)pyridin-
2-yl)thio]-N-[3-(2-benzothiazolyl)pyridin-2-yl]aniline, 8, 0.86 g, precipitated on slow evap-
oration as fine crystals. After collection of 8, the mother liquor was rotary evaporated and
the residue was taken up in EtOH. Crystals of 7, 0.41 g, appeared on slow evaporation of the
solution.

3.2.1 Pyrido[2,3,b][1,5]benzothiazepin-5(H)one (7). m.p.263-264 °C (sealed tube). Lit.
m.p. 260°C [11]. IR (KBr): 3280, 3164, 3082, 3030, 2963, 2906, 1659, 1573, 1573, 1481,
1451, 1398, 1384, 1299, 1253, 1237, 1154, 1127, 1073, 1033, 957, 913, 823, 791, 758, 726,
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670, 651, 618, 545, 520, 506, 465, 439 cm~!. Anal. Calcd for C1,HgN,OS: C, 63.16; H, 3.53;
N, 12.27. Found: C, 63.28; H, 3.61; N, 12.13.

3.2.2  6-[3-(2-Benzothiazolyl)pyridin-2-yl)thio]-N-[3-(2 -benzothiazolyl)pyridin-2 -yl]
aniline (8). m.p. 171-173°C. 'H NMR (400.00 MHz, DMSO-d¢) §: 11.70 (1H; s; NH);
8.52-7.02 (18H; m) ppm. IR (KBr): 3212-2994, 1596, 1580, 1547, 1523, 1404, 1459, 1434,
1393, 1336, 1313, 1296, 1257,1235, 1218, 1192, 1096, 1068, 1037, 1012, 860, 949, 938, 900,
788,751,736, 725, 698, 684 cm~!. Anal. Calcd for C30H;9N5S3: C, 66.03; H, 3.51; N, 12.83.
Found: C, 66.21; H, 3.38; N, 12.98.

3.3 Preparation of 2-chloro-N-(2-hydroxyphenyl)nicotinamide (9)

A solution of 2-chloronicotinoyl chloride (0.880 g, 5 mmol) and 2-hydroxyaniline (0.545 g,
5 mmol) was refluxed in 1,2-dichloroethane for 30 min, cooled and rotary evaporated. The
solid residue was crystallized from 1,2-dichloroethane to give crystals of 9; 1.30 g, m.p. 135—
137°C. "H NMR (400.00 MHz, DMSO-d¢) §: 9.87 (1H; s; NH); 8.50 (1H; dd; J = 1.6 and
4.8 Hz; He); 8.04 (1H; dd; J = 1.6 and 7.2Hz; Hy); 7.85 (1H; dd; J = 1.2 and 7.6 Hz; Hg/);
7.53 (1H;dd; J = 4.8 and 7.2Hz; H5); 7.02 (1H; ddd; J = 1.4;7.2and 7.6 Hz; Hy); 6.93 (1H;
dd; J = 1.2 and 7.6 Hz; Hy); 6.83 (1H; ddd; J = 1.2; 7.2 and 7.6 Hz; Hs/) ppm. 13C NMR
(100.0 MHz, DMSO-dg) §: 163.8; 150.2; 148.7; 146.5; 138.3; 133.0; 125.6; 125.5; 123.1;
123.0; 118.9; 115.7 ppm.

IR (KBr): 3358, 3300-2700, 1642, 1615, 1589, 1546, 1454, 1389, 1344, 1284, 1233, 1201,
1182, 1133, 1097, 1055, 960, 929, 902, 849, 827, 753, 644, 552, 506, 432 cm™~!. Anal. Calcd
for C1,HgCIN,O;: C, 57.96; H, 3.65; N, 11.26. Found: C, 58.12; H, 3.78; N, 11.19.

3.4 X-ray crystallography

The crystals of 7 were grown from EtOH, those of 8 and 9 from CICH,CH,Cl. The intensity
data in each case were collected at 120K on a Nonius KappaCCD area detector system by
the EPSRC X-ray crystallographic service at the University of Southampton, UK. The entire
process of data collection, cell refinement and data reduction was accomplished by means of
the programs DENZO [37] and COLLECT [38]. Correction for absorption was achieved in
each case by a semi-empirical method based upon the variation of equivalent reflections with
the program SORTAV [39]. The structures were solved by direct methods in SHELXS-97 [40]
within the OSCAIL suite of programs [41] and refined in SHELXL-97 [42]. Approximate
positions for H atoms were obtained from difference maps and were refined with a riding
model. PLATON was used for the data analysis [43]. The program ORTEP-3 for Windows
was used to obtain the figures [44]. Conformational and H-bonding analysis was performed
using PLATON [38]. Crystal data and structure refinement details are listed in table 1. “CCDC
289911, 289910 and 289912 contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif”.
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