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The Hydrogen Bonds in Crystalline Pyridoxonium Chloride

F. HANIC

Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Bratislava

The positions of the hydrogen atoms in the crystal structure of pyridoxo-
nium chloride were determined by the X-ray structure analysis. The details of
their determination by means of the three-dimensional difference Fourier
synthesis and their refinement by the least-squares method are discussed.
The geometrical and functional analysis of the hydrogen bonds in the above
structure is also given.

The hydrogen bonds constitute an important part of the intermolecular
forces in the crystal structure of the pyridoxonium chloride (a component.
of the vitamine Bg). For their more detailed study, the positions of the hydro-
gen atoms in the unit cell of the above compound were determined by the
X-ray structure analysis.

Fig. 1. Sections from a re-
sidual (Fo—F) electron den-
sity map (F. values without.
hydrogen atoms contribu-
tions) projected down the
c-axis. The skeletons of the
rest of the molecules are
also given. The contours.
are drawn at intervals of 0.5;.
0.7 and 0.9 e/A3.
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The first model of this structure (without hydrogen atoms) was determined
recently [1] using a three-dimensional diffractometer-collected intensity data.
The structure is triclinic with lattice constants @ = 9.52 (4); b = 5.803 (7);
c=9.56 (4) A; « = 93.9; § = 115.4; y = 98.6°; space group P1, the number
of molecules in the unit cell being Z = 2. The structure was refined by means
of the block-diagonal-least-squares method with the final R-factor 0.093.
The total of 2211 reflections were used and the atomic coordinates and their
anisotropic temperature factor coefficients were refined. For the standard
deviations of the bond lengths and of the bond angles the values of about
0.005 A and 0.3° respectively were obtained.

The approximate positions of the hydrogen atoms were then determined
with the aid of the Fourier (F,—F.) difference synthesis. Here, the F, values.
represent the original observed structure factors and the F. values include
the contributions of all but hydrogen atoms. The difference maps exhibited
significant maxima at the expected hydrogen atoms positions, as it is shown in
the Fig. 1 which represents the sections from the residual (Fo—F¢) electron
density map projected down the c-axis as well as the skeletons of the rest
of the molecules. The positions of the hydrogen atoms were then refined by
means of the least-squares method using the program written by J. J. Daly,
F. 8. Stephens and P. J. Wheatley [2] for an Elliott 803 computer. This
program uses a block-diagonal approximation. Since the atomic factor for
a bound hydrogen atom is not known, the data from the International Tables
for X-Ray Crystallography [3] for an isolated hydrogen atom were used.
They were calculated from the quantum-mechanical wave function for a sphe-
rically symmetrical atom. Under these circumstances a refinement of the
temperature factor coefficients has no physical meaning. Therefore, for the
further refinement, the temperature factor coefficients for the chlorine, oxygen,
nitrogen and carbon atoms were used from the preceding paper [1]; to the
hydrogen atoms were conventionally assigned the temperature factor coeffi-
cients of those atoms, to which they were chemically bound. Such temperature
factcrs were fixed during the refinement cycles. The Cruickhank’s weighing
scheme was used [4]. After two refining cycles the reliability index R dropped
to the value of 0.083 and the weighed reliability index R’ = Sw(AF)ZwkF2
to the value of 0.0075. The final difference synthesis showed no significant
maxima. The resulting atomic coordinates are given in Tab. 1.

Due to the spherical approximation for the hydrogen atoms a shift of these
atoms during the refinement may be expected towards those atoms M, to
which they are chemically bound. This will result in the shortening of the
M—H distances. The results in the Tab. 2 have to be interpreted accordingly.
As it can be seen from the Tab. 2, the average interatomic distance C—H
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Table 1

Complete list of the atomic coordinates. Standard deviations in parentheses
Atom z y |
Cl 0.4530 (1) 0.3290 (2) 0.2048 (1)
0(1) —0.2568 (4) —0.2819 (6) 0.3702 (4)
0(2) 0.0177 (4) —0.3341 (6) 0.4108 (4)
0(3) —0.1968 (4) 0.4106 (7) —0.0034 (5)
N(1) 0.1572 (4) 0.0939 (7) 0.2318 (4)
c(1) 0.1527 (5) —0.0814 (7) 0.3137 (5)
c(2) 0.0141 (5) —0.1583 (7) 0.3240 (4)
c(3) —0.1159 (4) —0.0588 (7) 0.2473 (4)
C(4) —0.1038 (5) 0.1222 (7) 0.1617 (4)
C(5) 0.0339 (5) 0.1985 (7) 0.1556 (4)
C(6) —0.2705 (5) —0.1399 (8) 0.2495 (3)
C(7) 0.2948 (5) —0.1838 (9) 0.3903 (6)
C(8) —0.2420 (5) 0.2368 (8) 0.0744 (5)
H(1) —0,3399 (57) 0.0944 (94) —0.0258 (60)
H(2) 0.0504 (58) 0.3716 (91) 0.1140 (59)
H(3) —0.2808 (58) 0.3277 (90) 0.1573 (59)
H(4) —0.2710 (58) 0.5284 (91) —0.0208 (59)
H(5) —0.3173 (59) 0.0232 (92) 0.2706 (61)
H(6) —0.3507 (59) —0.2822 (89) 0.1294 (61)
H(7) 0.2439 (60) —0.3773 (93) 0.3408 (60)
H(8) 0.3695 (61) —0.1322 (91) 0.3281 (61)
H(9) 0.2899 (60) —0.2063 (94) 0.4906 (60)
H(10) 0.2714 (59) 0.1209 (91) 0.2122 (58)
H(11) —0.3486 (59) —0.4475 (95) 0.3290 (59)
H(12) —0.0633 (56) —0.3582 (93) 0.4176 (59)

is 1.135 A, the average O—H distance in the CH,0H groups is 1.085 A.
The O —H distance in the hydroxyl group is very short: 0.79 (5) A. This distan-
ce is probably most seriously influenced by the spherical-approximation
effect. The N—H distance is 1.17 (6) A. The pyridoxine molecule contains
one intramolecular hydrogen bond O(2)—H(12)...0(1), the corresponding
distances and the bond angle at H(12) being 0.79 (5) 4; 1.83 (5) A and 148 (6)°,
respectively. The hydrogen atom H(12)' participates simultaneously in another
hydrogen bond with O(2)’ from the neighbouring molecule, with the distance
0(2)... H(12): 2.47 (6) A. The bond angle at H(12) is then 101 (5)° (Fig. 2).
The pair of the 0(2)...H(12) and O(2)’...H(12) bonds causes the formation
of a centrosymmetrical bimolecular complex in the crystal structure. Similar
bifurcated hydrogen bonds were observed in the crystal structure of
(NH,)+CgH,(S0,)~ [5] with O...H lengths 1.92 and 2.26 A, and in the structure
of glycine (2.29 and 2.44 A) as well [6].

The pyridoxonium chloride has an ionic structure formed by the ClI” anions
and complex cations:
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Table 2

Interatomic distances and bond angles. Standard deviations in parentheses

Bond lengths Bond angles
(in Angstroms) (in degrees)

O(1)—H(11): 1.12  (5) C(6)—O(1)—H(11) : 113.6 (2.7)
0(2)—H(12) : 0.79  (6) C(2)—O0O(2)—H(12) : 108.4 (4.0)
O(3)—H(4) : 1.03 (6) C(8)—O(3)—H(4) : 106.9 (3.5)
N—H(10) : 1.17 (6) C(1)—N—H(10) : 111.7 (2.7)
C(5)—H(2) : 1.12 (6) C(5)—N—H(10) : 122.9 (2.6)
C(6)—H(5) : 1.15 (6) N—C(5)—H(2) : 121.6 (2.7)
—H(6) : 1.23 (5) C(4)—C(5)—H(2) : 118.1 (3.0)
C(7)—H(7) : 1.14 (5) C(3)—C(6)—H(5) : 108.0 (2.8)
—H(8):1.13 (4) —H(6) : 105.9 (3.1)
—H(9) : 1.00 (6) O(1)—C(6)—H(5) : 108.9 (3.2)
C(8)—H(1) : 1.17 (4) —H(6) : 102.4 (2.7)
—H(3):1.14 (6) H(5)—C(6)—H(6) : 119.3 (3.3)
O(1)..H(12) : 1.83 (6) C(1)—C(7)—H(7) : 100.7 (2.6)
0(2)..H(12) : 2.47 (6) —H(8) : 105.1 (2.7)
Cl....H(@4) :2.19 (5) —H(9) : 99.6 (3.3)
Cl....H(10): 1.99 (6) H(7)—C(7)—H(8) : 102.4 (2.7)
Cl....H(11): 1.95 (4) —H(9) : 92.2 (4.3)
H(8)—C(7)—H(9) : 118,2 (3.6)
O(3)—C(8)—H(1) : 104.8 (3.0)
—H(3) : 107.6 (2.8)
C(4)—C(8)—H(1) : 107.5 (2.8)
—H(3):111.4 (2.4)
H(1)—C(8)—H(3) : 115.9 (3.9)

O(2)—H(12)...0(1) : 148.3 (5.7)

0(2)—H(12)...0(2) : 101.1 (4.2)

H(4)..... Cl...H(10):85.1 (2.1)

.. H(11) : 114.8 (2.1)

H(10)....Cl...H(11) : 144.7 (2.4)

o)’

—

T H12)079 012

'

fz.a (6)

—

~
79%_ 101 12

S NP

Fig. 2. A bimolecular complex in the

o crystalline pyridoxonium chloride.
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CH,0OH +
HO /\CHZOH
=0

NH

The positive charge of the complex cation is localized on several atoms
Under assumption of a preferred hydrogen-bond interaction between the Cl™
ions and those hydrogen atoms on which a partial positive charge is localized,
the carriers of such a positive charge are the hydroxyl hydrogen atoms from
the CH,OH groups and the hydrogen atom from the NH group. With these
hydrogen atoms the Cl™ ion forms closest contacts in such a way that three
hydrogen atoms from the three different pyridoxine molecules surround a Cl™
ion at the distances of 1.99 (6) A (the hydrogen atom from the NH group),
1.95 (4) A (the hydrogen atom from one CH,0H group) and 2.19 (5) A (the
hydrogen atom from an another CH,OH group). The angles H...Cl...H (at Cl)
are 85 (2), 115 (2) and 145 (2)°, respectively. The hydrogen atoms from the OH
groups do not participate in the hydrogen bonds with the Cl™ ions.

The three-dimensional difference Fourier synthesis was calculated at the Monsanto Research
8. A., Ziirich, with the program available at the Crystallographic Laboratory. The author
would like to express his gratitude for this help to Dr. J. J. Daly.

VODIKOVE VAZBY V KRYSTALICKOM CHLORIDE PYRIDOXONIA
F. Hanic

Ustav anorganickej chémie Slovenskej akadémie vied,
Bratislava

Metédami rontgenovej Struktirnej analyzy sa stanovili polohy vodikovych atémov
v krystédlovej Struktare chloridu pyridoxénia. V préci sa uvddza spdsob ich stanovenia
pomocou trojrozmernej Fourierovej diferenénej syntézy, spresnenie metédou najmensich
stvorcov, ako aj geometrickd a funkénd analyza vodikovych vézieb v tejto Struktire.

BOIOPONHBIE CBA3HI
B KPUCTAJIJIMYECKOM MUPUIOKCUH TMAPOXJOPHIE

®. Tannng

NucruTyr Heoprauudeckoit xumuu CiroBanKoif akageMun HayK,
Bparucnasa

MeTo0M PEHTreHOCTPYKTYDHOr0 aHAJU33 ONpPEEeJIEeHH MO3UIUN ATOMOB BOJOPOLA B KpH-
CTAJIIMYECKOIT CTPYKType NMUPUFOKCUH TMApoxaopupa. O6cyspmeH cnocob uX ompeneneHud
C MOMOLIBI0 TPEXMEPHOI'0 PA3HOCTHOrO CHHTe3a yp'hbe I MX YyTOYHEHUA MEeTOMOM HaiiMeHb-
mux KBagparoB. IIpoBemen reomerpuueckuit M (OYHKIMOHAJBHHIA aHAIN3 BOZOPOIHEIX
cBf3eil B aTO CTpPYKType.

Ilepesen C. Jwoposuu
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