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Acyclic C-nucleosides: synthesis of chiral 1,1-diheteroaryl-alditols
and X-ray crystal structure of 2,3,5-tri-O-benzyl-1,1-di-(2'-pyrryl)-1-
deoxy-D-arabinitol
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Abstract: Tetra-O-acetyl-D-ribose,  penta-O-acetyl-D-glucose,  2,3;5,6-di-O-
isopropylidene-D-mannofuranose, 2,3,5-tri-O-benzyl-D-arabinofuranose and 2,3,5,6-tetra-
O-benzyl-D-glucose react with pyrrole and indole, in presence of Lewis acids, to afford
C-glycosylpyrroles and indoles in position 2 and 3 respectively (acyclic C-nucleosides,
1-7). The crystal structure of 4 was determined by X-ray crystallography. © 1997
Published by Elsevier Science Ltd

It is known that a large number of drugs used in the treatment of neoplastic diseases and viral
infections are nucleoside analogues,' therefore in this field the search for new or improved drugs (safer
and stronger) is a stimulating purpose. Moreover the synthesis of modified nucleosides has received
great attention from the discovery of the potent antiviral activity of Acyclovir and overall AZT:? in
particular many efforts are directed to C-nucleoside synthesis.?

Our previous work in the C-glycosides and C-nucleosides area has been characterized by a simple
synthetic method, consisting of a direct, Lewis acid promoted arylation and hetero-arylation of
glycosidic protected compounds.* Thus, all these findings taken together prompted us to prepare and
characterise, in the present paper, a series of acyclic C-nucleoside analogues, as 1,1-dipyrrylalditols
1-4 and 1,1-diindolylalditols 5-7, for testing and structure—activity studies. From our previous work,
it emerged that when protected sugars were allowed to react with 1:4 or 1:5 molar ratio of phenols or
pyrroles, in dichloromethane, the metallic promoter played a fundamental role in the reaction pathway
to perform a selective reaction, and its choice strictly depended on the substrate, the sugar nature and
the protecting group.

In this paper we have analysed a number of Lewis acids, (including blends), and protected sugars
to obtain a series of dinuclear (dipyrrolic and diindolic) alditols. First, we studied the direct synthesis
of the new acetyl-protected C-glyco-dipyrrolic compounds (1 and 2, 15% and 20% yields, Figure 1),
starting from two sugars protected at the anomeric carbon C-1, as tetra-O-acetyl-D-ribose and penta-
O-acetyl-D-glucose, with pyrrolylmagnesiumbromide (5:1 molar ratio) in CH,Cl, under ultrasonic
irradiation for 30 minutes. The reactions also produced alditolic intermediates (not isolated), but using
a 1:1 blend between pyrrolylmagnesiumbromide and SnCl, the yields were enhanced to 35% and 40%
respectively for compounds 1 and 2.

The compounds 3 and 4 (Figure 1) were respectively synthesised from 2,3;5,6-di-O-isopropylidene-
D-mannofuranose and from 2,3,5-tri-O-benzyl-D-arabinofuranose with pyrrolylmagnesiumbromide in
toluene at 80°C for 12 h. Using only MgBr*, at 80°C, instead of SnCly, as the metallic promoter, the
synthesis of compounds 3 and 4, proceeded very cleanly under the same reaction conditions.’ In the
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Figure 1.

case of compound 4 a direct crystallisation from the crude mixture was also possible. An alternative
procedure for compound 4 started from the alcoholic intermediate 8 that could be separated when
the reaction was carried out in the range between —18°C and 0°C: compound 8 was able to react
with an equimolar amount of pyrrolylmagnesiumbromide in CH,Cl, (sonication) or toluene at 80°C
to produce the corresponding dinuclear compound 4 in 40% yield (Scheme 1).

The synthesis of compounds § and 7 (Figure 1), acyclic C-nucleoside analogues in which the
aglycon moiety is an indolyl residue, was performed using another Lewis acid, CITi(OPr')3, with
pyrrolylmagnesiumbromide (1:1), in toluene at 80°C (35% yield), while for the isopropylidene
protected compound 6 (Figure 1) the best yield (50%) was obtained with MgBr*. The reactions showed
the same pathway: it was possible to isolate the corresponding alcoholic intermediates® at —5°C in this
case t00, and to produce the dimeric compounds in the subsequent step with indolylmagnesiumbromide
in CH,Cl; under ultrasonic irradiation.

All the compounds (1-7) were separated from the crude mixture by flash chromatography, after
usual work up with hexane/acetone or CH,Cl,/acetone (in variable ratio), and in acceptable yields
(30-50%). The structures of all these C-nucleosidic compounds were assigned by elemental analysis,
EI or CI mass spectrometry and 'H NMR spectroscopy, while compound 4 was also confirmed by
X-ray diffraction.

IH NMR studies show that the resonance for H-1 of the carbohydrate residue of all the compounds
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Scheme 1. Reaction pathway of pyrrolylmagnesiumbromide and 2,3,5-tri-O-benzyl-D-arabinofuranose. The alcoholic
intermediate 8 can evolve in one step to the dipymrolic compound 4 (40°C). The same mechanism occurs for the other
glycosidic reagents and to the indolic substrates here considered.

(1-7) appears as a doublet at 4.1-5.1 ppm, and the two pyrrolic rings show non-equivalent resonances
in the aromatic region. The steric hindrance, due to the bulky substituents at the centre C-1, hinders
the free rotation of the two pyrrole rings and of the alditolic chain, and this could give the aromatic
hydrogens a diastereotopic behaviour. This fact can justify the lack of symmetry in the aromatic
pattern of the NMR spectra, where each pyrrolic proton shows its own resonance. Moreover, these
'H magnetic resonance experiments, carried out in CDCls, can be compared with the data obtained
by structural X-ray analysis, where an evident and different surrounding situation for the two pyrrolic
moieties is present. Furthermore, the two dimensional '"H-'H COSY and NOESY experiments made
it possible to establish the complete assignments of the non-equivalent protons of the two pyrrolic
rings and overall of the alditolic chain.

The X-ray determination shows that the molecular conformation of compound 4 is determined by
strong intramolecular hydrogen bonds O3-H- - -04=2.763(6) A and N2-H- - -01=2.804(6) A and by
one interaction between C5-H5 and 02 [2.897(6) A] (crystallographic numbering). An ORTEP view
of the molecule in its correct absolute configuration (10R,18R,26R), corresponding to that of its sugar
precursor, is shown in Figure 2.

Long interactions between the nitrogen atom N1 and the Tt-delocalized charge of the other pyrrole
ring are also present (the C6 and C7 atoms are closer than the others to N1: N1- - -C6=3.283(7) A and
N1. - -C7=3.462(7) A) probably as a consequence of the steric hindrance. The orientation of the OH
group is shown by the following torsion angles: 04C27C2603 62.5(5)°, 02C18C2603 —~171.6(4)°
and C10C18C2603 —51.0(5)°. The distance H103- - -H26=2.12(9) A and the related torsion angle
of —68(5)° corresponds to a nearly synclinal conformation. The H26- - -H18, H10- - -H18 and
H10- - -H5 distances are 2.97(8), 2.35(5) and 2.97(9) A respectively, and the related torsion angles
are —179(4), 57(4) and 176(5)° showing therefore an antiperiplanar, synclinal and antiperiplanar
conformation respectively. The relative position of the O1 and O2 atoms is defined by the 02C18C1001
torsion angle of 66.3(5)°. The orientation of the phenyl rings with respect to the O ether atoms is
evidenced by the three torsion angles: O1C11C12C13 66.4(7)°, O2C19C20C21 87.9(7)° and O4C28
C29C30 71.2(8)°.
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Figure 2. ORTEP drawing of 4 in its correct absolute configuration with thermal ellipsoid plot (50% probability). Selecied

bond lengths (A): N1-C1 1.362(9), N1-C4 1.371(8), C3-C4 1.383(7), C2-C3 1.42(1), C1-C2 1.36(1), N2-C9 1.373(7),

N2-C6 1.372(7), C6-C7 1.37(1), C7-C8 1.430(8), C8-C9 1.35(1), C6-C5 1.511(6), O1-C10 1.425(6), O1-C11 1.438(6),
02-C18 1.436(4), 02-C19 1.428(6), O3-C26 1.426(6), 04-C27 1.419(8), 04-C28 1.440(6).

For the first time, to our knowledge, two pyrrole rings have been structurally characterized bonded
to the same tetrahedral carbon atom. The N2C6C7C8C9 pyrrole ring is perfectly planar, while the
N1C1C2C3C4 one shows a small distortion from planarity probably owing to the presence of intra-
and intermolecular interactions with the second pyrrole moiety. The two pyrrole rings are tilted by
77.4(3)° with respect to each other. The carbon—carbon distances opposite to the nitrogen atoms in
both pyrrole rings [1.415(1), 1.430(8) A) are longer than the corresponding average lengths [1.395(3)
A} observed in analogous pyrrole moieties.’

The packing is mainly determined by intermolecular hydrogen bonds involving the pyrrole nitrogen
atoms of both pyrrole rings: N2-H- - -03(x+1,y,2)=2.967(8) A and N1-H- - -M(x—1,y,2)=3.286(7) A
(H- - -M=2.39(8) A, N1-H- - -M=142(6)°, where M is the midpoint of the N2-C9 bond). This feature
generates linear chains in the a direction, which are joined together by Van der Waals interactions
between the phenyl and pyrrole rings (Figure 3).

Experimental
General

All the materials and solvents were obtained from commercial suppliers and used without further pu-
rification. 2,3,5-Tri-O-benzyl-D-arabinofuranose and 2,3;5,6-di-O-isopropylidene-D-mannofuranose
were from Sigma; 1,2,3,5-tetra-O-acetyl-D-ribose and 1,2,3,4,6-penta-O-acetyl-D-glucose were from
Fluka. Flash chromatography was performed on 40-60 pm silica gel Merck no. 9385, using the
indicated solvent mixtures. 'H NMR were obtained on a Brucker AMX-400 spectrometer, and *C
NMR spectra were recorded on a Brucker AC 100 spectrometer (25.14 MHz), and are reported in part
per million (3) relative to tetramethylsilane as the internal standard. Low resolution mass spectra were
obtained on a Finnigan 1020 6¢c mass spectrometer. Optical rotations were measured on a Rudolph
Autopol III polarimeter. Melting points were recorded on an Electrothermal apparatus and were
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Figure 3. The packing arrangement of 4 showing the different situation of the two pyrrole rings and the chains running
along the a direction.

uncorrected. Elemental analyses were performed by the Microanalytical Laboratory of the University
of Parma (Dipartimento di Chimica Generale ed Inorganica).

Synthesis of 1,1-dipyrrylalditols

Procedure A

2,3,5-Tri-O-acetyl-1,1-di-(2'-pyrryl)-1-deoxy-D-ribopentitol I.  To a solution of pyrrolylmagnesium-
bromide (0.35 ml, 5 mmol) and tetra-O-acetyl-D-ribose (1590 mg, 5 mmol) in CH,Cl, (50 ml), at
room temperature under N, with stirring, was added a solution of SnCl, (0.60 ml, 5 mmol) in CH,Cl,
(5 ml). After 60 minutes under ultrasonic irradiation, the orange reaction mixture was quenched by
addition of a saturated NaHCO; solution (50 ml) and then with solid NH4Cl (5 g). The resulting light
yellow mixture was extracted with diethyl ether (3X30 ml) and the combined extracts were dried on
MgSQq, filtered, evaporated and purified by flash chromatography (CH,Cl/acetone 6:1) to give 1
(35% yield) as a colourless oil. []2° + 41.6 (¢=0.055, CHCl;). "H NMR (CDCl;) & 8.81 and 8.39
(2H, 2 br s, 1H each, NH), 6.74 (1H, m, H-5"a), 6.68 (1H, m, H-5’b), 6.18 (1H, m, H-4'b), 6.15 (1H,
m, H-4'a), 6.09 (1H, m, H-3'b), 5.98 (1H, m, H-3"a), 5.43 (1H, ddd, J=2.6, 5.1, 7.7 Hz, H-2), 5.02
(1H, dd, J=2.6, 5.1 Hz, H-3), 4.44 (1H, dd, J=2.6, 11.5 Hz, H-5), 4.33 (1H, m, H-4), 4.25 (1H, dd,
J=1.7,11.5Hz, H-5B), 4.22 (1H, d, J=2.6 Hz, H-1), 2.80 (1H, m, J=5.1 Hz, OH), 2.07 (3H, s, OCH,),
2.04 (6H, s, OCH3). MS (EI) m/z 393 (M+1), 392, 326, 266, 206, 145. Anal. calcd for C;9H24N,05:
C 58.15, H 6.17, N 7.14; found: C 58.20, H 6.23, N 7.07.

2,3,4,6-Tetra-O-acetyl-1,1-di-(2'-pyrryl)-1-deoxy-D-glucitol2. The crude mixture, obtained as above
described, was purified by flash chromatography (CH,Cl,/acetone 9:1) to give 2 (40% yield) as a
colourless oil. [«]2° + 50.0 (c=0.024, CHCI3). 'H NMR (CDCls) & 8.75 and 8.25 (2H, 2 br s, 1H
each, NH), 6.80 (1H, br s, H-5"a), 6.62 (1H, br s, H-5'b), 6.12 (4H, m, H-3' and H-4"), 5.7 (1H, d,
J=2 Hz, H-1), 5.12 (1H, m, H-2), 4.58 (1H, m, H-4), 4.22 (3H, m, H-3 and H-6), 3.82 (1H, m, H-5),
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3.15 (1H, br s, OH), 2.08 (6H, s, OCHj3), 2.04 (6H, s, OCH3). MS (EI) m/z 465 (M+1), 464, 398,
338, 145. Anal. caled for CHysN20y: C 56.89, H 6.08, N 6.03; found: C 57.03, H 6.12, N 5.88.

Procedure B

2,3;5,6-Di-O-isopropylidene-1,1-di-(2'-pyrryl)- I-deoxy-D-mannitol 3. To a solution of pyrrolylmag-
nesiumbromide (3 mmol) in CH,Cl; (20 ml), under N, with stirring, was added a solution of 2,3;5,6-
di-O-isopropylidene-D-mannofuranose (260 mg, 1 mmol). After 24 h under ultrasonic irradiation
(40°C), the reaction mixture was treated as previously described and purified by flash chromatography
(hexane/acetone 7:3) to give 3 (30% yield) as a colourless oil. [¢]2 + 5.5 (¢=0.220, CHCl;). 'H
NMR (CDCl3) & 8.57 and 8.05 (2H, 2 br s, 1H each, NH), 6.61 (2H, m, H-5"a and H-5"b), 6.05 (1H,
dd, J=2.9, 5.8 Hz, H-3'a), 5.99 (1H, m, H-4'a), 5.98 (1H, dd, J=2.9, 5.4 Hz, H-3'b), 5.58 (1H, m,
H-4’b), 4.68 (1H, dd, J1,=10.1 Hz, J,3=6.9 Hz, H-2), 4.50 (1H, d, J,,=10.1 Hz, H-1), 4.28 (1H, d,
J23=6.9 Hz, H-3), 3.9-3.7 (3H, m, H-5 and H-6), 3.12 (1H, d, J4 5=7.8 Hz, H-4), 1.96 (1H, br s, OH),
1.48,1.31, 1.17, 1.05 (12H, 4 5, 3H each, CH3). *C NMR (CDCl;) § 132.66 (C), 128.31 (C), 109.27
(C), 108.30 (C), 117.53 (CH), 117.03 (CH), 108.74 (CH), 107.76 (CH), 106.93 (CH), 106.06 (CH),
79.32 (CH), 76.17 (2 CH), 69.54 (CH), 38.04 (CH), 66.60 (CH,), 26.86 (CH3), 26.64 (CHs), 25.45
(CHs), 24.54 (CH3). MS (EI) m/z 377 (M+1), 376, 375, 361, 301, 145. Anal. calcd for CooHysN,Cs:
C 63.81, H 7.50, N 7.44; found: C 63.95, H 7.54, N 7.38.

2,3,5-Tri-O-benzyl-1,1-di-(2"-pyrryl)-1-deoxy-D-arabinitol 4. The crude mixture obtained as above
described was purified by flash chromatography using hexane/acetone 7:3 as a white solid (30%
yield). M.p. 146-148°C. [x]2° + 24.2 (¢=0.095, CHCl3). CD (CHCl3) [0)54=14200 deg cm? dmol ™!,
[61260=11500 deg cm? dmol~!. '"H NMR (CDCl3) § 8.72 and 7.70 (2H, 2 br s, 1H each, NH), 7.4-7.0
(15H, m, CH,Ph), 6.61 (1H, dd, Jy s=4.5 Hz, Jy 5=2.5 Hz, H-5'a), 6.44 (1H, dd, Jy 5=4.4 Hz,
J35=2.6 Hz, H-5'b), 6.07 (1H, dd, J3 4 '=5.6 Hz, J3 5»=2.5 Hz, H-3'a), 6.05 (1H, dd, Jy 4=5.5 Hz,
Jy 5=2.6 Hz, H-3'b), 5.96 (1H, m, H-4"a), 5.90 (1H, m, H-4’b), 4.49 (1H, 1/2 AB quartet, /=10.3 Hz,
CHPh), 4.5-4.4 (4H, m, CH,Ph), 4.37 (1H, d, J| ,=4.5 Hz, H-1), 4.16 (1H, dd, J, ,=4.5 Hz, J,3=5.6
Hz, H-2), 4.04 (1H, 1/2 AB quartet, J=10.3 Hz, CH;Ph), 3.92 (1H, m, H-4), 3.63 (1H, dd, J,3=5.6
Hz, J34=9.5 Hz, H-3), 3.6-3.5 (2H, m, H-5), 2.48 (1H, br s, OH). '3C NMR (CDCl3) § 138.38 (C),
138.21 (C), 137.80 (C), 131.63 (C), 129.50 (C), 130.0-127.0 (15 CH), 117.45 (CH), 116.41 (CH),
108.38 (CH), 108.02 (2 CH), 105.52 (CH), 83.81 (CH), 80.79 (CH), 70.71 (CH), 39.63 (CH), 75.34
(CHy), 74.55 (CHy), 73.61 (CH3), 71.08 (CH;). MS (EI) m/z 538, 537 (M+1), 536, 470, 428, 362.
Anal. calcd for C3aH3sN,O4: C 76.09, H 6.76, N 5.22; found: C 76.20, H 6.79, N 5.20.

Synthesis of indolyl derivatives

Procedure C '
This method is the same as Procedure A except SnCl is exchanged with CITi(OPr);.

2,3,5-Tri-O-benzyl-1,1-di-(3'-indolyl)-1-deoxy-D-arabinitol 5. 35% yield; colourless oil.
[x]20 + 42.5 (¢=0.040, CHCl;). 'H NMR (CDCl3) & 10.85 and 10.15 (2H, 2 br s, 1H each, NH),
7.98 (1H, m, H-6a), 7.88 (1H, m, H-6'b), 7.70 and 7.62 (2H, 2 d, 1H each, J=7.7 Hz, H-4'a and
H-4’b), 7.4-7.0 (9H, m, CH2Ph, H-2"a+H-2'b and H-7'a+H-7’b), 6.99 (2H, m, H-5"a and H-5'b),
5.07 (1H, d, J=6.4 Hz, H-1), 4.55 (1H, dd, J,,=6.4 Hz, J,3=4.4 Hz, H-2), 4.4-3.9 (7H, m, CH,Ph
and H-4), 3.83 (1H, dd, J34=6.4 Hz, J3=4.4 Hz, H-3), 3.67 (1H, dd, J454=3.4 Hz, J545=9.6 Hz,
H-5at), 3.50 (1H, dd, J458=6.1 Hz, Js, 58=9.6 Hz, H-5B), 2.66 (1H, br s, OH). 13C NMR (CDCl;) §
138.7 (C), 138.0 (C), 136.4 (C), 136.0(C), 117.6 (C), 116.2 (C), 128.4 (CH), 128.3 (CH), 128.0 (CH),
127.5 (CH), 127.3 (CH), 123.6 (CH), 122.9 (CH), 121.6 (CH), 119.9 (CH), 119.3 (CH), 111.2 (CH),
111.0 (CH), 82.8 (CH), 80.5 (CH), 71.0 (CH), 74.8 (CH;), 74.3 (CH,), 73.4 (CH;). MS (CI/CH,)
637 (M+1). Anal. calcd for C4pH49N2O4: C 79.22, H 6.33, N 4.40; found: C 79.38, H 6.37, N 4.31,
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2,3;5,6-Di-O-isopropylidene-1,1-di-(3'-indolyl)- 1 -deoxy-D-mannitol 6. The method is the same as
Procedure B. 50% yield; colourless oil. [«]2° — 115.6 (¢=0.032, CHCl;). 'H NMR (CDCl;) & 8.08
and 8.04 (2H, 2 br s, 1H each, NH), 7.88 (1H, d, J=7.2 Hz, H-7a), 7.53 (1H, d, J=7.3 Hz, H-7'b),
7.42 and 7.10 (4H, m, H-6"a+H-6'b and H-5"a+H-5"b), 7.05 and 7.02 (2H, 2 s, H-2'a and H-2’b), 6.99
(1H, d, J=7.3 Hz, H-4"a), 6.90 (1H, d, /=7.3 Hz, H-4’b), 5.48 (1H, br s, H-1), 5.19 (1H, d, J=5.54
Hz, H-2), 4.40 (1H, d, J=5.54 Hz, H-3), 4.11 (1H, m, H-4), 3.92 (2H, m, H-6), 3.65 (1H, m, H-5),
2.80 (1H, br s, OH), 1.51, 1.41, 1.25, 1.20 (12H, 4 s, 3H each, CH3). MS (CI/CH,) 477 (M+1). Anal.
caled for C,gH3;N>05: C 70.57, H 6.77, N 5.88; found: C 70.69, H 6.81, N 5.82.

2,3,4,6-Tetra-O-benzyl-1,1-di-(3'-indolyl)-1-deoxy-D-glucitol 7. 35% yield; colourless oil.
[a]2° + 57.2 (¢=0.034, CHCl3). 'H NMR (CDCl;) & 8.81 (1H, d, J=7.0 Hz, H-7'a), 8.70 and 8.19
(2H, 2 br s, 1H each, NH), 7.77 (1H, d, J=7.0 Hz, H-7'b), 7.62 (2H, m, H-6"), 7.40 and 7.00 (17H,
m, CH;Ph and H-2'), 6.92 (1H, d, J=7.2 Hz, H-4"a), 6.82 (1H, d, /=7.2 Hz, H-4’b), 6.50 (2H, m,
H-5"), 5.82 (1H, d, /=6.1 Hz, H-1), 4.6-4.4 (5H, m, CH,Ph), 4.38 (1H, d, J=6.1 Hz, H-2), 4.21 (4H,
m, CH,Ph and H-3), 4.07 (1H, m, H-4), 3.7-3.5 (2H, m, H-5 and H-6x), 3.21 (1H, m, H-68), 3.00
(1H, br s, OH). MS (CI/CHy) 757 (M+1). Anal. calcd for CsoH4gN2Os: C 79.34, H 6.39, N 3.70;
found: C 79.46, H 6.43, N 3.65.

X-Ray crystal structure determination of compound 4

Crystals suitable for X-ray analysis were obtained by slow evaporation from the saturated solution
of 4 in CDCl;. Data were collected on a Siemens AED three circle diffractometer with Ni-filtered
Cu-K« radiation at room temperature using a colourless prismatic crystal. Crystal data: C34H3sN, 04,
M=536.67, dimensions 0.23%0.32x0.47 mm, triclinic space group P1 (N°1), a=6.021(2), b=11.069(3),
c=12.553(3) A, x=65.74(3), P=89.64(3), Y=76.49(3)°, V=737.8(4) A3, F(000)=286, Z=1, D.=1.208
g cm™?, Cu-Kat, A=1.54184 A, p (Cu-Ko)=6.29 cm™!, 0 range=3-70°.

A total of 2798 reflections were collected using the 8—26 scan technique within the range
3<0<70°. The structure was solved by direct methods using SIR 9282 and refined anisotropically by
full matrix least squares on F? using SHELXL-93.8> 1968 observed reflections with I>20 (I), were
used in the refinement of 505 parameters. Hydrogen atoms were located with a difference Fourier
map and isotropically refined. The weighting scheme adopted was w=1/[0? (F2)+(0.1250 P)? 0.07
P}, where P=[Max (F?, 0) +2 F?}/3. Final R and wR, values were 0.048 and 0.178 respectively;
residual electronic density —0.26<Ap<+0.17 eA~3. Scattering factors for C, H, N and O were
taken from the literature.3¢ Molecular geometry calculations were carried out by using the computer
program PARST®? and the structure drawings by using the ORTEP®¢ and PLUTO® programs. The
fractional atomic coordinates, thermal parameters obtained from the crystallographic analysis, and the
subsequently derived interatomic distances and bond angles have been deposited at the Cambridge
Crystallographic Data Centre (CCDC).
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