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Abstract

The following halogenides g¥-alanine:S-Ala- HF (1), 5-Ala-HCI (11), /-Ala-HBr (111), S-Ala-HI
(IV), 24-Ala-HBr (V) and Z-Ala-HI (V1) have been synthesized and charactdrsteucturally
and by vibrational spectroscophhe salts (I-11) are simple salts"X™ but are not isostructural.
The salt (IV) of the type of (A--A")(X").comprises a centrosymmetric dimeric dication. The
isotypic salts (V), (VI) belong to the type TA- A)X with centrosymmetric dimeric cations and
strong hydrogen bonds.

Keywords salts of#alanine; crystal structure; dimeric cations; vilwaal spectra

1. Introduction

Reactions of amino acids with inorganic and orgacids may lead to the formation of various
types of salts, when a proton transfer takes dlace an acid to an amino acid [1]. In addition to
simple compounds with definite cation and aniowal as mixed salts with different cations
and anions there is a certain class with variopegyf dimeric cations.

The majority of studied halogenides of amino aeidschlorides. However, investigation of
other halogenides is also of interest and they diffgr significantly from chlorides. Fluorine,
chlorine, bromine and iodine atoms vary by thescgbnegativity (by Pauling scale: 3.98, 3.16,
2.96 and 2.66, respectively [2]). lonic radii aidtide, chloride, bromide and iodide anions are
also different: i.e. 1.19, 1.67, 1.82 and 2.06peesively (in A by Shannon [3]). As can be seen
by both characteristics, the anions chloride amariiie are closest to each other. Therefore,
chlorides and bromides are usually isostructucalides are often not isostructural with
chlorides and bromides, while fluorides as a ruéerat isostructural with other halogenides (see
section 13.2 in Ref. [4]).
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For nonstandard and achigghalanine various simple salts of 0&) type .g.(5-AlaH)(H:PQy)
[5]) as well as with (A---A)(X)2 (e.g.(B-AlaH- - .B-AlaH)(NO3),) [6]) and (A'---A)X (e.g.(5
AlaH- - 3-Ala)(NO»)) [7]) types with dimeric cations are known, whé&and A" (or AH) are
amino acids in zwitterionic and protonated catistates, respectively, and ¥ an anion.

There is some information also concerning halogenaf3-alanine. Ennan et al. [8] studied
reactions of some amino acids includgglanine with hydrofluoric acid. For comparisonythe
obtained also respective hydrochlorides. Basedhemptesence of a strong and broad absorption
band in the 700-2000 ¢hregion in the infrared spectrum ffalanineHF and the absence of
this band in the spectrum of the respective chéotitty concluded thatalanineHF contains

the (F-H-F) group, and also galaninium cation and zwitterionjg&alanine, which are
connected with the anion by hydrogen bonds accgriirthe following scheme:
“O0C-CH-CHy-NH3" (F-H-F)-"H3N-CHx>-CH>-COOH. In [1] it was supposed that formation
of a dimeric cation according to the scheng@A(a™ - 5-Ala)(F-H-F) is also possible. However,
structure determination was necessary to confirneject these suppositions. Godzisz et al. [9]
obtained crystals of2Ala- HCI and performed a detailed structural aratational and®C
solid-state NMR spectroscopic investigation. Acaogdo [9] the ZZ-Ala- HCI salt crystallizes in
the centrosymmetric space gradp/c and consists of g3(AlaH- - 5-Ala) dimeric cation formed
by a symmetric O---H---O hydrogen bond with anGDdistance equal to 2.4729(17) A at
298K. In view of this centrosymmetric hydrogen bahd authors determined the crystal
structure of the ZAla-HCI salt at 100 K hoping to find a phase traos, but none was
observed in this temperature range. In [10], anathgr 20 salts it was reported on existence of
2(-Ala-HBr crystals without detailed structural antdrational spectroscopic data because of
limited scope of the paper.

In the present study we report new results orcsiras and vibrational spectra@fla- HF (),
F-Ala-HCI (1), S-Ala-HBr (1) f-Ala-HI (1V), 26-Ala-HBr (V) and 2-Ala-HI (V1) and we
continue the systematic investigation of the rdlaraino acids in the issue of isostructurality of
their halogenides [11].

2. Experimental
2.1. Sample preparation

As initial reagents we usgdalanine from “Armbiotechnology” Institute (providdéy Dr. A.E.
Aghajanyan), hydrofluoric acid (45%, ultrapure grgchydrochloric (32%, chemically pure
grade) and hydrobromic (40.5%, ultrapure gradejsatom “Reakhim“ Co., and hydriodic acid
(57% w/w, distilled, stabilized with <1.5% hypoplpb®rous acid, 99.95%) from “Sigma-
Aldrich” Chem. Co. Crystals of titled compounds webtained from aqueous solution
containing stoichiometric quantities ffalanine and the respective acid by slow evaparatto
room temperature. A typical amount/élanine taken was 1 g and the volumes of the final



solutions were 6 ml approximately. Small polyetimddeakers were used for preparation of
solutions. Only fog-alanine.HBr (1) silica gel was used as an absorber to crystallize
hygroscopic crystals.

2.2.Crystal structure determination and refinement

Small fragments of the title compounds with homagrrs extinction were were manually
selected, mounted on glass capillaries with lalooyagrease and used for single crystal X-ray
data collections: sample (V) was measured at reanpérature on an Enraf Nonius Kappa CCD
diffractometer (sealed tube, equipped with a gitgpimonochromator + monocapillary optics
using Mo-K, radiation) at a crystal-detector distance of 30,r5° scan width.

All other compounds were investigated at 200 kaddruker APEXII diffractometer equipped
with a CCD area detector, an Incoatec Microfocusr&® IuS (30 W, multilayer mirror, Mo-X
and an Oxford Cryosystems Cryostream 800 Plus lvicdeSeveral sets of phi- and omega-
scans with 2° scan width were collected at a clyetdetector distance of 40 mm up to 6% 2

full sphere. The absorption was corrected in aksaby the evaluation of multi-scans. Reflection
data were processedith the Nonius program package DENZO-SMN [12] @) or otherwise
within the Bruker APEX3 software suite [13]. Thestial structures were solved by direct
methods and refined by full-matrix least-squaretneues (Shelx-97 [14].

Non-hydrogen atoms were refined with independensadiopic displacement parameters,
hydrogen atoms with isotropic displacement paramsetll hydrogen atoms were treated as
riding on their parent atoms, i.e. fixing distane@sl angles but allowing free rotation.

Selected crystal parameters as well as a summathyeattata collections and structure
refinements are given in Tables 1 and 7, seleabed kengths and valence and torsion angles in
Tables 2 and 8. Details of the hydrogen bondingesys are compiled in Tables 3-6 and 9-10.
Further crystallographic data have been depositddtihhe Cambridge Crystallographic Data
Centre and can be obtained free of charge via wedg.cam.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Data CentreUJhibn Road, Cambridge CB2 1EZ, UK;
fax: +44 1223 336033), citing the title of this pa@and the CCDC nos. 1967037, 1967058

(1), 19674701011), 19670601IV), 776234 ) and 1967059\1).

2.3.Vibrational spectra

Attenuated total reflection Fourier-transform iméd spectra (FTIR ATR) were registered by a
Nicolet 5700 spectrometer (ZnSe prism, Happ-Geapebization, ATR distortion is corrected,
number of scans 32, resolution 4 BmPart of the IR spectrum in the region 500-400" evas
taken from FTIR spectra registered with Nujol n{nilimber of scans 32, resolution 2°m



Fourier-transform Raman spectra were registere@d INXR FT-Raman Module of a Nicolet
5700 spectrometer. Number of scans and laser pavtke sample were 512 and 0.43 Ny $12
and 0.18 WI(V), 256 and 0.44 W\M) and 1024 and 0.18 W/{).

3. Resultsand discussion
3.1. f-Alaninium fluoride ()

The salt [) crystallizes in the monoclinic system with spgoeupP2;/c. The asymmetric unit
contains one formula unit, that is, o@laninium cation and one fluoride anion (Fig. 1).

N1

C3 co

O1

Fig. 1. Molecular structure g&-alaninium fluoride k).

So, neither the schem&8OC-CH-CHx-NH3"™(F-H-F)-"H3sN-CH,-CH,-COOH [8] nor the
scheme B-Ala*- - BAla)(F-H-F) [1] was confirmed. The salt can be described af\of”
simple type, that isfAlaH)F. Selected bond lengths and angles are pteden Table 2. These
values are usual for th8alaninium cation and agree with respective vahfeg-Ala-HCI (1),
SAla-HBr (11) and S-Ala-HI (1V) (Table 2). The torsion angles O1C1C2C3 and C1GHAC3
define the arrangements of carboxyl and amino grdUjable 2). The conformation of tife
alaninium cation in the structure dj (s gauche(+).Hydrogen bond parameters in the structure
of (I) are shown in Table 3. The carboxyl group and ftheride ion form an O1-H1.--F1
hydrogen bond with an O---F distance equal to Z@)2. The NH" group forms three N-
H---F hydrogen bonds: N1-H11---F1, N1-H12---F1INHR#i13---F1 (Table 3). There are also
short contacts: C3-H32---F1 (with distances H32-arfdl C3---F1 equal to 2.41 and 3.402(1) A,
respectively), N1-H12---02 and N1-H11-.-O2 (the dag is intramolecular), which may be
considered as weak hydrogen bonds.

The O1-H1---F1 hydrogen bond is not record-breadtogt but still rather short for O-H- - - F
type hydrogen bonds. For comparison, in the straatfiglycine hydrogen fluoride [15] there
are four glycinium cations three of which form O-H- hydrogen bonds with O- - - F distances



equal to 2.436(1) A, 2.446(1) A and 2.476(1) A, lalin the structure df-leucinium fluoride
monohydrate [16] this O- - - F distance measures @Al
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Fig. 2. Infrared and Raman spectrgGadlaninium fluoride k).

Infrared and Raman spectra bf &re shown in Fig. 2. Knowledge of the crystalisture makes

it possible to interpret the vibrational spectrhepresence of a broad absorption band
superimposed with peaks in the 2000-900"énterval is due to the stretching mode of the O-H
group of theB-alaninium cation in an O-H- - - F strong hydrogendo&@uch a band is absent in
the spectra ofi{), (I11) and (V) (see below). So, peaks in high-frequency regrencaused by



stretching modes of Nfiand CH groups. The H11 atom of the NHyroup forms weaker
hydrogen bonds. Therefore, the absorption peak@t 8m* we assigned to stretching vibration
of the N1-H11 bond. The H12 atom of the Nigroup forms stronger hydrogen bonds and the
absorption band at 2811 &nis assigned to stretching vibration of the N1-Hb&d. The H13
atom of the NH' group forms the strongest hydrogen bond N1-H13-arfd the absorption

band at 2712 cthis assigned to stretching vibration of the N1-H8d. Their positions are in
good agreement with\gNH) vs d(N- - - F) correlation [17]. Weak peaks at 301932962 and
2941 cm' are assigned to(CH) which is confirmed by respective peaks inRanan spectrum.
Here 3018, 2992 cthand 2965, 2943 chare assigned ta.{CH) andvs(CH), respectively.
Peaks at 2560 and 2458 tmve assign to overtone and combination tones.dmahge 2000-

400 cm' there are some characteristic peaks ofaéaninium cation. They are assigned based
on [18]. The presence of an absorption band at tii#8testifies the presence of a COOH group
(v(C=0)). The peaks at 1645, 1602 tare assigned to asymmetric, an absorption bahfilzt
cm’ to symmetric deformation vibrations of the Nijroup; peaks at 1474, 1407, 1354 and
1306 cn* to deformation vibrations of GHyroups, the band at 1250 ¢ro v(C-OH), the band

at 1053 crit tov(C-N) and peaks at 869, 822 ¢rro v(C-C).

3.2. f-Alaninium chloride (1)

The salt [1) crystallizes in the orthorhombic system with spgooupPbca(Table 1) and
therefore is not isostructural with) ( Althoughg-alaninium fluoride ) andg-alaninium chloride
(IT1) are not isostructural and have different symmastrihey have some common features. The
asymmetric unit ofl() also contains one formula unit, that is, gh@aninium cation and one
chloride anion (Fig. 3). It too can be describedf&™X™ simple type, that isgAlaH)CI.

02

Cl1

Fig. 3. Asymmetric unit of-alaninium chloridel().

The intramolecular bond lengths and angled lgfgnd also the conformation (Table 2) are
similar to that of ). The conformation of thg-alaninium cation in the structure of) also is
gauche(+) Hydrogen bond parameters in the structureéldfgre listed in Table 4. The carboxyl



group forms an O1-H1---ClI1 hydrogen bond with an @-distance equal to 3.007(2) A. The
NHs" group forms three N-H- - - Cl hydrogen bonds: N1-HX1I1, N1-H12---CI1 and N1-
H13..-Cl1 (Table 4). Due to similar conformatiortteg S-alaninium cation here also an
intramolecular contact N1-H13---O2 is present. &laee three short C-H- - - Cl contacts: C2-
H21---Cl1 (with H21-.-Cl1 and C2---Cl1 2.84 an@R2) A, respectively), C3-H31- - - Cl1(with
H31---Cl1 and C3---Cl1 2.93 and 3.449(2) A, resmégt and C3-H32---CI1 (with H32---ClI1
and C3---Cl1 2.71 and 3.699(2) A, respectivelyjcvban be considered as weak hydrogen
bonds. In the structures of chlorides of amino sidide O- - - Cl distances in O-H- - - Cl hydrogen
bonds are&a 3.0 A. Shorter hydrogen bonds were observederstiuctures of two forms of
betainium chloride: 2.955(2) A [19] and 2.946(3]28]. Therefore, in the structure di ) the
O1-H1---CI1 hydrogen bond should be consideredrasnon in contrast td J, where the
respective O1-H1---F1 hydrogen bond is signifigestibrter than usual O-H- - - F hydrogen
bonds.

The infrared and Raman spectrald) @re shown in Fig. 4. In this case, broad absongbands

in the region 2000-400 cfrare absent. So, in the high-frequency region ditaah to stretching
vibrations of N-H and C-H bonds also a vibratiortte# O-H group is expected. In the spectrum
of (1) v(OH) for O-H- - - Cl hydrogen bond with O---Cl distaequal to 3.0 A is expectedcat
2920 cm' according to correlation [17]. The absorption paaR165 crit and Raman-line at
3170 cm' we assign to a weaker hydrogen bonded N-H grohpv{CH) vibrations of CH
groups are better seen in the Raman spectrum &t 3089, 2950, 2930 ¢ Other expected
peaks ofB-alaninium cation are observed in the region 1800-&m".
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Fig. 4. Infrared and Raman spectrgBadlaninium chloridel().

3.3 Alaninium bromidel(I)

Crystals of-alaninium bromidel{1) are more hygroscopic compared to thosg-afaninium
chloride (1). The saltl1) crystallizes in the monoclinic system with spgeeupP2;/c (Table

1) and therefore it is not isostructural with)( The space group is the same tot)and (),
however, already comparison of unit cell parametbmvs that both are not isostructural. The
asymmetric unit ofl(1) also contains one formula unit, that is, ghalaninium cation and one
bromide anion (Fig. 5). It can be described asithé¢™ simple type, too, that isp{AlaH)Br.



N1

@b

Fig. 5. Asymmetric unit of-alaninium bromidel(1).

The intramolecular bond lengths and angled ld)) @nd the conformation (Table 2) are like

those of () and (1). The conformation of thg-alaninium cation in the structure dfk) also is
gauche(+)

Hydrogen bond parameters in the structurd ldf) @re shown in Table 5. The carboxyl group
forms an O1-H1---Brl hydrogen bond with the bronodewith an O- - - Br distance equal to
3.2119(14) A. The Nk group forms two N-H- - - Br hydrogen bonds: N1-H1Brt (-x+2, -y+1,
-z+1) and N1-H12---Brl (-x+1, -y+1, -z+1) and orleHL3- - - O2 (-x+2, -y+1, -z+1) hydrogen
bond (Table 5). The atom H11 has an additionalasiritil-H11---Brl (-x+1, -y+1, -z+1) on the
level of strong van der Waals interaction. Dueitailar conformation of thgg-alaninium cation
here also an intramolecular contact N1-H13- - - Q2dsent. In the structure there is a short C3-
H32.--Brl contact (with H32---Brl and C3---Brl 2198 3.660(2) A respectively), which can
be considered as a weak hydrogen bond.
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Fig. 6. Infrared spectrum gf-alaninium bromidel(1).

Infrared spectrum of (I11) is shown in Fig. 6. Ramgpectrum ofl{ 1) was not registered because
of its hygroscopic nature, even registration oflRRsspectrum was difficult.

The peak at 3412 chin the spectrum ofl(1) is caused by absorption of hygroscopic water. The
strong absorption band with peaks at 3215, 3148332954, 2928 cthis caused by(NH),

v(OH) andv(CH) vibrations of NH", COOH and Ckigroups. A slight shift of the absorption
band is due to the lower electronegativity of bneencompared with chlorine. Characteristic and
expected peaks of th@alaninium cation are observed in the region 1800-&mi™.

The crystalsi( I1, 111) not being isostructural, nevertheless, form tme AX™ simple type and
the remarkable difference between their infraregtsp is caused by strong O-H- - -F and usual
O-H---Cl, O-H---Br hydrogen bonds.

3.4. F-Alaninium iodide (V)

The salt (V) crystallizes in the monoclinic system with spgoeupP2;/n (Table 1). The
asymmetric unit ofl{V) also contains one formula unit, that is, ghalaninium cation and one
iodide anion.



Selected intramolecular bond lengths as well asnea and torsion angles o¥( are provided
in Table 2. However, the structure o¥{ differs from the structures of,( 1, [11). Hydrogen
bond parameters in the structure ldf Y are shown in Table 6. In this case the carboxylig of
the S-alaninium cation does not form hydrogen bond &ithanion. Instead, tw6-alaninium
cations combine to a centrosymmejialaninium- - F-alaninium dimeric cation (Fig. 7), where
the O---O distance of O1-H1---02 hydrogen bonglialéo 2.6540(16) A.

Fig. 7. Dimericf-alaninium.. S-alaninium cation in the structure Gfalaninium iodide I(V).

The conformation of thg-alaninium cation in this casegauche(-) There is an intermolecular
N1-H13--- 02 contact, too, which can be consideseslesak hydrogen bond. The iodide anion
forms two N-H- - -1 type hydrogen bonds: N1-H12-(x|ly, z) and weak N1-H11---11 (-x+1/2,
y-1/2, -z+1/2). So, the sgikAla-HI (1V) is one more salt of the (A - A)(X"), type and thus
differs significantly from the crystals, (1, 111). Most of known salts with (A--A") type cation
are salts ofzalanine [1]. In [21] four types gF-Ala”- - ,3-Ala* dimeric cations (A, B, C, D) were
distinguished. Two of them are centrosymmetric atinér two are noncentrosymmetric. The
first A-type is characterized by a centrosymmedn@angement of twg@-alaninium cations in
gaucheconformation. The B-type looks like the A-typef bthere is no inversion center. This
type is represented b-AlaH- - ,5-AlaH)(NOs),) [6]. The C-type is characterized by
centrosymmetri¢rans-orientedS-alaninium cations, and in the D-type two aminoseafiboth
gaucheorientedf-alaninium cations are facing in the same direcéind therefore this type also
IS noncentrosymmetric. Consequently, the dimerionan the crystallV) belongs to the A-

type.
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Fig. 8. Infrared and Raman spectrgGadlaninium iodidel(V).

Vibrational spectra ofl{/) are shown in Fig. 8. Fe(OH) the position ata. 3000 cnT is
expected for the O-H- - -O hydrogen bond with an@distance of 2.654 A according to the
correlation between(OH) and O- - - O distance [22]. So, the absorptionl ls@ntered at 2990
cm’ is caused by(NH), v(OH) andv(CH) vibrations of NH*, COOH and Chigroups. The
absorption peak at 3150 ¢rand a Raman-line at 3148 ¢rare caused by(NH) of the NH*
group in the weaker hydrogen bond N1-H13---O2.V[8&) vibrations of CH groups are
better seen in the Raman spectrum at 3034, 2997, 2923 crit. Other expected peaks 6f
alaninium cation are observed in the region 1800-&8".



3.5. f-AlaniniumB-alanine bromide V) and f-alaniniumS-alanine iodide Y1)

S-Alaninium S-alanine bromide\() andS-Alaninium F-alanine iodideV1) are isotypic withs-
alaniniumf-alanine chloride [9], they crystallize in spacewgyC2/c with four formula units in
the unit cell (Table 7). The asymmetric unit consahnalf of a formula unit, both the center of the
dimeric cation and the halogenide anion are oniappasitions (an inversion center or a twofold
axis, respectively). In Fig. 9 the centrosymmaediitoeric cation and the bromide anion are
shown.

a. 02

C3

C2

Fig. 9. Molecular structure g¥Alaninium S-alanine bromide\(). Both bromide anion and the
center of the dimeric cation are on special pas#io

In Table 8 selected bond lengths and angles isttinetures of\{) and V1) are listed.

Evidently, these values are quite similar for batystals. The conformation gFalaninium
cations in the structures df Y and(V1) also isgauche(+).Hydrogen bonds parameters in the
structures of\{) and(V1) are shown in Tables 9 and 10. Additionally thee short contacts
C3-H32---Brlin\) and C3-H31---11, C3-H32---11 MiI{ with distances H32---Brl (2.94 A),
C3---Br1 (3.903 A), H31---11 (3.14 A), C3---11@4.4&), H32---11 (3.15 A), C3---11 (3.881 A),
which can be considered as weak hydrogen bondselmodel proposed fg*alaniniumf-
alanine chloride [9] the proton lies on the invenscenter, while in our model fov} and(V1)

H1 was favored on a general, half-occupied posisgmmetrically related by the center of
inversion. Neutron diffraction analysis of the gnotposition would be necessary to determine
which of these models is more reliable. The O- -istadces in centrosymmetric dimeric cations
of (V) and(VI) are equal to 2.4723(17) and 2.461(2) A, respelstiwhich are well comparable
with 2.4729(17) A inalaniniumf-alanine chloride [9].
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Vibrational spectra of\() and(VI) are shown in Figs. 10 and 11, respectively. Tdreywery
similar and with that of-alaniniumg-alanine chloride [9]. In the high-frequency regmmy
stretching vibrations(NH) andv(CH) of NHs" and CH groups are expected. Stretching
vibrationsv(CH) are better seen in the Raman spectra, whekwgyerimposed with bands
caused by(NH). According to the correlation between thetstneng vibration of O-H bonds
v(OH) (in cm?) and the R(O- - - O) distance (in A) [22] strong G- hydrogen bonds in the
region 2.44-2.58 A are characterized by a linepeddence, which is possible to reflect as
v(OH)=11250R-26876 [23]. For crysta)and(VI1) with O---O distances equal to 2.4723(17)
A (at 296 K) and 2.461(2) A (at 200 K) the expeotatiie forv(OH) of (V) is 94@20 cni* and
81Q+20 cni* for (VI). These values are in good agreement waftsorption bands observed in
Figs 16, 17 in the region 1500-400 twentered ata. 850 cm'.
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Fig. 11. Infrared and Raman spectrgBedlaniniumS-alanine iodide\{1).

Conclusions

The salts#alaninium fluoride ), S~alaninium chloridel(), Balaninium bromidel(l) andS-
alaninium iodide I(V) are not isostructural. The saltsl (1) are formed by simple type'X™,
where the carboxyl group forms a hydrogen bond tiérespective anion. The sdN{ is one
more salt with a centrosymmetgiEalaninium- - F-alaninium dimeric dication:

0----H—o0
<H rtl CH,—CH c/ Sc—ch,—cH r\:H> 21~
3NTLH™ 27 \\\\ 655; - 2 27 NHgz [

O——H----0



with an O--- O hydrogen bond distance equal to @52 A.

The isotypic saltg-alaniniumg-alanine bromide\() and-alaniniumg-alanine iodide V1)
comprise centrosymmetric dimeric cations with sgrogdrogen bonds with O-- - O distances
equal to 2.4723(17) A and 2.461(2) A, respectivEhe presence of strong hydrogen bonds in
the structures ofl}, (V) and ¥1) is reflected in the infrared spectra.
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Table 1. Crystal data and details of the refinenfi@ng-alaninium fluoride ), S-alaninium

chloride (1), S-alaninium bromidel(l) and

S-alaninium iodide (V)

(1) (1) (1) (1v)
Formula GHsFNG, C3H8C|N02 CsHgBrNO» CsHgINO,
M, 109.10 125.55 170.01 217.00
Crystal system Monoclinic Orthorhombic  Monaoclinic oNDbclinic
Space group P2i/c Pbca R,/c P21/n
a(A) 8.268(2) 9.730(2) 5.6711(4) 6.735(1)
b (A) 8.635(2) 7.412(2) 12.6980(8) 7.354(2)
c (A) 6.759(1) 16.453(3) 8.9117(5) 13.327(3)
L) 96.46(3) 102.093(3) 96.86(3)
V(A3), Z 479.5(2), 4 1186.7(4), 8 627.50(7), 4 655.3(2), 4
Crystal size (mr) 0.3x0.3x0.1 0.3x0.2x0.075).5x0.2x0.1 0.4x0.25x0.1
Dea(gcmi®) 1.511 1.405 1.800 2.199
u(Mo Ky) (cmit) 0.146 0.541 6.454 4.794
F(000) 232 528 336 408
T(K) 200(2) 200(2) 200(2) 200(2)
hkl range +12, #13,£10 | 14, 11, #25 18, +19, £13 +10, £11, +20
Reflections measured 16435 36900 21217 21759
Reflections unique 1830 2258 2399 2507
Data with &, > 20 (F,)) | 1627 2040 2029 2169
Rint 0.0457 0.0362 0.0545 0.0283
Parameters refined 68 75 70 69
R(F)* (for F, > 20(F,)) | 0.0342 0.0485 0.0233 0.0161
wR(F)* (all reflections) | 0.1017 0.1062 0.0504 0.0479
Weighting parameters aj9.048/0.122 0.018/1.268 0.0066/0.3553 0.018/0.45
Apiin (Mmax/min) [e A% 0.494/-0.249 0.373/-0.443| 0.450/-0.481 0.84060.5

*R1=3||Fo | - |F. |l 12 |Fol, wR2 = [ W(F.2- F2)? ] S wF. 1Y% w = 1/[0%(Fo2)+(a x P)*+ b x P],

P = (F,2+2F2)/3




Table 2. Selected bond lengths (A), valence arsidorangles (°) ifB-alaninium fluoride K),
alaninium chloridel(), S-alaninium bromidel(l) andS-alaninium iodide I(V).

) (1) (L) (V)
C1-01 1.3098(10) 1.325(2) 1.321(2) 1.3099(18)
C1-02 1.2214(10) 1.211(2) 1.2052(19) 1.2237(16)
C1-C2 1.5081(11) 1.501(2) 1.503(2) 1.4978(19)
C2-C3 1.5129(11) 1.510(3) 1.515(2) 1.508(2)
C3-N1 1.4858(11) 1.489(2) 1.487(2) 1.490(2)
02-C1-01 124.72(7) 124.01(16) 123.72(14) 124.13(13)
02-C1-C2 122.48(7) 124.76(16) 123.51(15) 121.58(13)
01-C1-C2 112.81(7) 111.22(15) 112.77(14) 114.29(12)
C1-C2-C3 113.75(7) 114.38(15) 112.61(13) 112.67(12)
N1-C3-C2 112.17(7) 111.99(14) 111.09(13) 112.07(12)
01-C1-C2-C3 | -179.90(7) 174.9(1) -171.26(15) 17B4(
C1-C2-C3-N1 | 63.21(9) 66.5(2) 59.24(18) -64.6(2)

Table 3. Hydrogen bonds parameters@aaninium fluoride k) (in A and °).

D-H---A D-H H---A D---A <DHA
O1-H1---F1 0.993(19) | 1.415(19) 2.4027(9)  172.5(19)
N1-H11---F1 0.91 2.21 2.9605(10)| 139
N1-H11---O2 0.91 2.35 2.9420(11) 122
N1-H12---F1 0.91 2.12 2.8737(10)| 140
N1-H12--OF 0.91 2.29 2.845(11) | 119
N1-H13---F¥ 0.91 1.80 2.7007(11)| 169

Symmetry code: (i) -x, y+1/2, -z+1/2; (i) X, y+4, (iii) -x, y+1/2, -z+1/2; (iv) X, -y+3/2, z+1/2;

Table 4. Hydrogen bonds parameters@aaninium chloridel() (in A and °).

D-H---A D-H H---A D---A <DHA
O1-H1---CIL 0.79(3) 2.22(3) 3.007(2) 172(3)
N1-H11---CIL 0.91 2.27 3.157(2) 165
N1-H12---O2 0.91 2.41 3.013(2) 124
NI-H12 --CI1 0.91 2.51 3.248(2) 139
N1-H13---OP 0.91 2.55 3.135(2) 122
N1-H13---CI¥ 0.91 2.555 3.232(2) 132

Symmetry code: (i) x-1/2, -y+1/2, -z+1; (ii) =X+, -z+1; (iii) —x+1, -y+1, -z+1; (iv) x+1/2, -
y+1/2, -z+1.

Table 5. Hydrogen bonds parameters@alaninium bromidel(1) (in A and °).

D-H---A D-H H---A D---A <DHA

O1-H1---Brl 0.78(3) 2.43(3) 3.2119(14)  173(3)

N1-H11 - Brl 0.91 2.56 3.3469(13)| 145




N1-H11---Bri 0.91 2.98 3.368(1) 108
N1-H12-- Brl 0.91 2.46 3.3072(14)| 156
N1-H13---O2 0.91 2.10 2.9177(17)| 149
N1-H13---O2 0.91 2.34 2.910() 121

Symmetry code: (i) —x+2, -y+1, -z+1; (ii) -x+1, -¥;+-z+1; (iii) -x+1, -y+1, -z+1.

Table 6. Hydrogen bonds parameters@aaninium iodide (V) (in A and °).

D-H---A D-H H---A D---A <DHA
O1-H1---O? 0.77(3) 1.88(3) 2.6540(16)] 178(3)
N1-H11.--1% 0.89 2.95 3.6540(14)| 137
N1-H12 .11 0.89 2.72 3.5368(18) 153
N1-H13.- 02 0.89 2.25 2.8648(17) 126

Symmetry code: (i) —x+2, -y+1, -z+1; (ii) -x+1/21y2, -z+1/2.




Table 7. Crystal data and details of the refinemémnt (G-alaninium.. f-alanine) bromide\()
and F-alaninium.. f-alanine) iodide\{1). Some data offfalaninium..-alanine) chloride [9]
are provided for comparison.

/5

23-Ala.HCI [9] V) V1)
Formula QH15C|N204 CsH15BrNoO4 CeH15IN2O4
M; 214.65 259.11 306.10
Crystal system Monoclinic Monoclinic Monoclinic
Space group C2/c C2/lc C2/c
a(A) 19.938(4) 20.3113(4) 20.9592(7)
b (A) 5.1990(10) 5.2250(1) 5.2698(2)
c(A) 10.719(2) 10.8983(2) 11.0343(3)
B°) 118.03(3) 117.971(1) 117.0470(10)
V(AY, z 980.8(3), 4 1021.49(3), 4 1085.46(6), 4
Crystal size (mr) 0.43x0.4x0.3 0.30x0.20x0.07
Deai(gcn) 1.454 1.685 1.873
u(Mo Ky) (cmi?) 3.77 4.013 2.940
F(000) 456 528 600
T(K) 293(2) 296(2) 200(2)
hkl range -25/26, -5/6, -13/14 -30/29, £7, 16 +38, +16
Reflections measured 2829 7692 18435
Reflections unique 1143 1860 2073
Data with £, > 20 (F,)) 1758 2003
Rint 0.0376 0.0582 0.0196
Parameters refined 90 93 61
R(F)* (for F, > 20(F,)) 0.0286 0.0241 0.0144
WR(F?)* (all reflections) 0.0769 0.0694 0.0457
Weighting parameters a, b  0.0380/0.5316 0.045150.04 0.0281/0.6842
Apiin (max/min) [e A7 0.21/-0.23 0.64/-0.58 0.83/-0.39

*R1=3||F, | - |F. |l 1= |F,|, wR2 = [ w(F,2- F2)? ) S wF, 112w = 1/[0%(F.2)+(a x P)*+ b x P],

P = (Fo2+2F2)/3



Table 8. Selected bond lengths (A) and anglesi((Falaninium.. B-alanine) bromide\() at

296 K and f-alaninium.. S-alanine) iodideV1) at 200 K.

V) (\4))
C1-01 1.3070(13) 1.3095(13)
C1-02 1.2238(14) 1.2280(13)
C1l-C2 1.5148(14) 1.5131(15)
C2-C3 1.5112(15) 1.5145(16)
C3-N1 1.4884(16) 1.4922(16)
02-C1-01 123.54(9) 123.20(10)
02-C1-C2 122.03(9) 122.25(10)
01-C1-C2 114.42(9) 114.54(9)
C1-C2-C3 113.42(9) 113.08(9)
N1-C3-C2 111.9(1) 111.73(9)
01-C1-C2-C3 170.4(1) 171.44(10)
C1-C2-C3-N1 63.00(13) 63.57(13)
Table 9. Hydrogen bonds parameters fBafaninium.. f-alanine) bromide\() (in A and °) at
296 K.
D-H---A D-H H---A D---A <DHA
O1-H1---0O1 0.865(18) 1.632(18) 2.4723(17 163(4)
N1-H11-.--02 0.85(2) 2.23(2) 2.8535(13) 131(2)
N1-H11---O41 0.85(2) 2.46(3) 3.125(2) 136(2)
N1-H12---Brl 0.87(2) 2.47(2) 3.2930(11)| 158(2)
N1-H13---O¥% 0.90(2) 1.96(2) 2.8588(15)| 177(2)
Symmetry code: (i) -x+1/2, -y+1/2, -z+1; (ii) -x&+1/2, -z+1/2; (iii) -X, -y+1, -z;
(iv) x, -y, z-1/2.
Table 10. Hydrogen bonds parameters fakaninium.. Zalanine) iodideV1) (in A and °) at
200 K.
D-H---A D-H H---A D---A <DHA
O1-H1---0O1 0.84 1.64 2.4613(18)| 164
N1-H11-.--0O2 0.91 2.21 2.8634(14 128
N1-H11---O41 0.91 2.37 3.0932(15)| 136
N1-H12--- 11 0.91 2.70 3.5116(10)| 150
N1-H13..-O¥% 0.91 1.93 2.8356(14)| 176

Symmetry code: (i) -x+1/2, -y+1/2, -z+1; (ii) -x&+1/2, -z+1/2; (iii) -X, -y+1, -z;

(iv) x, -y, z-1/2.




# Crystals of3-alaninium fluoride, chloride, bromide and iodide aot isostructural
# B-alaninium iodide is a new salt with centrosymnue¢A™...A") type dication

# 2B-Ala.HBr and B-Ala.HI are salts with (A...A) type dimeric cation
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