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Abstract: Two novel saccharinates were synthesized and characterized as Cs(Hsac)(sac)- H,O
(1) and Cs(sac): 0.5H,O (2). Their protiated and partially deuterated analogues were studied by
FT IR spectroscopy at various temperatures.

Contrary to all studies to date of saccharinates, the frequency of one v(CO) mode in the
spectrum of 1 is significantly higher than the corresponding value of the saccharin itself in the
solid state and an absorption due to the NH stretching modes is also present in its spectrum. These
findings represent spectroscopic evidence that 1, besides a single compound reported previously
[1], is an adduct of molecular saccharin. The present case confirms that, besides the other modes
of bonding (as an ion and/or a ligand), saccharin can be also incorporated as a neutral molecule in
its compounds, which could eventually be of some physiological significance.
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1. Introduction

Deprotonated form of saccharin shows an extraordinary variety of the types of bon-
ding in the metal saccharinates (ionic. monodentate — ligated via the CO or SO, groups, ami-
dato-like bidentate bridging or several of these modes within the same structure). A single
compound, [VO(OH)(sac)(Hsac)(H,0)], was reported to include saccharinato molecules in its
structure [1]. Within our studies of the properties of the alkali saccharinates, two novel sac-
charinates, Cs(Hsac)(sac): H,O (1) and Cs(sac)- 0.5H,O (2), were synthesized. Since the two
forms of saccharin in 1 (ionic and molecular) differ from each other by a single proton, we
used FT IR spectroscopy and the partial isotopic substitution technique to characterize the
compounds. In order to elucidate structural criteria for distinction between the ionic and
molecular saccharin species in the saccharin adduct, the earlier spectra-structural correlations

in a number of saccharinates were employed to make structural predictions about the title
compounds.

2. Experimental
Cs carbonate dissolved in water/EtOH (1:1 vol) mixture and saccharin solution in
EtOH in 1:1 mole ratio were mixed, while gently heating the stirred reaction mixture. The so-
lution was then left at RT. Colorless, needle-shaped crystals of 1 appeared after several days.
Compound 2 was initially obtained as prismatic colorless crystals from the mother
liquor after the removal of the solid 1. In another preparation, large crystals of 2 were
synthesized similarly as 1, using carbonate to saccharin mole ratio of 1:2 and reducing the

volume of the reaction mixture by slow evaporation until almost the entire solute was remo-
ved.
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Deuterated samples of 1 and 2 were obtained by their recrystallization from the
appropriate D,O/EtOH and D,O/H,0 mixtures, respectively. The FT IR spectra in the 6000-
70 cm™ frequency range were recorded with a System 2000 interferometer (Perkin Elmer)
using a P/N 21525 (Graseby Specac) variable-temperature cell.

3. Results and Discussion
The room (RT) and liquid-nitrogen temperature (LNT) FT IR spectra of the studied
compounds in the middle infrared region are shown in Fig. 1.
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Fig. 1. The FT IR Spectra of Cs(Hsac)(sac)- H.O (1) and Cs(sac)- 0.5H-O (2)

3.1. Water Stretchings

The two v(OD) bands present in the LNT difference' spectrum of 1 show the existence
of two non-equivalent OD oscillators in the corresponding structure. It is to be expected,
therefore, that either a single water molecule with two non-equivalent proton sites, or pos-
sibly, two crystallographically non-equivalent C, water molecules exist in the structure of 1.
The presence of a single v(OD) band of isotopically isolated HOD species in H,O matrix in
the difference spectrum of 2, on the other hand, reveals the existence of a single type of water
molecules placed on C, axis in its structure. The frequency of the band (2490 cm’) implies
that the two equivalent protons are included in hydrogen bonding of moderate strength.

3.2. NH Stretching Region in the Spectrum of Cs(Hsac)(sac): H,O

The broad absorption between 3100 and 2200 cm™ with a minimum around 2775 cm’!
in the spectrum of 1 (Fig. 1) is due to the V(NH) mode of the saccharinato molecules. Both the
spectral appearance and the frequency range of the v(NH) absorption show the characteristics
of strongly hydrogen bonded imino groups. Only one weak band corresponding to the first
overtone of the V(NH) mode is present at 5203 cm’ in the LNT spectrum, giving roughly
2600 cm™ (or somewhat higher) for the frequency of the corresponding v(NH) mode and, the-
refore, a value in the vicinity of the v(NH) centroid. It seems probable that the region of low

" The difference spectra were obtained by subtraction of the (appropriately scaled) LNT spectrum of the protiated
samples from the corresponding spectra of the slightly deuterated samples.
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absorption around 2775 cm™ in the spectrum of 1 (marked in Fig. 1) is a transmission window
on the broad NH stretching band.

3.3. Carbonyl Stretchings

A unique feature of the IR spectrum of 1 (Fig.2) is the high frequency of the IR
carbonyl stretching band (1732 cm™ at RT). Contrary to all studies to date of saccharinates,
the band frequency is higher than that of the saccharin in the solid state (1725 cm™) and even
higher than the corresponding band in the RT spectrum of the only known saccharin adduct,
[VO(OH)(sac)(Hsac)(H,O)] (1727 cm") [1]. The presence of this carbonyl band in the
spectrum of 1 inevitably confirms the existence of molecular saccharin in the corresponding
structure. Its higher frequency compared to the frequency of the corresponding band of
saccharin, on the other hand, might be taken as an indication that the carbonyl groups of
saccharin molecules in 1 participate in a weaker hydrogen bonding than that between the C-O
and N-H groups in saccharin. The pronounced frequency differences between the two lower-
frequency carbonyl stretchings in 1 and saccharin (104 and 158 cm™, Fig. 2) go along with the
presence of saccharinato ions in its structure.

As many as three prominent and relatively broad RT bands, at 1647, 1619 and 1582 cm’
(1649, 1620 and 1582 cm™ at LNT), can be prescribed to the carbonyl stretching modes in the
spectrum of 2 (Fig. 2). As can be expected, the differences between the band frequencies and
the corresponding saccharin value (76, 105 and 143 cm’") are consistent with the existence of
solely ionic saccharinato species in 2. As it was noted earlier [2, 3], however, the number of
the bands, even in case of much simpler spectral appearance of the carbonyl stretching region.
cannot be relied upon to make predictions concerning the number of structurally different sac-
charinato anions.

3.4. Sulfonyl Stretchings

Three pairs of bands in the sulfonyl! stretching region correspond to v(SO,) modes in
the LNT IR spectrum of 1. The pair of the highest-frequency antisymmetric and symmetric
infrared v(SO,) bands (1342 and 1177 cm") can be prescribed to the sulfonyl stretchings of
the saccharinato molecules.

Upon conversion of 1 into mixture of 2 and saccharin (by dissolution of 1 in water and
evaporation of the solute) the weak antisymmetric SO, stretching band of 1 (1342 cm’™) shifts
to the saccharin value (1336 cm’, the spectrum denoted “Mix” in Fig. 3) and two more
Vas(SO2) bands appear (1271 and 1241 cm™). The latter bands are also present in the spectrum
of 2 (Fig. 3) and can undoubtedly be assigned as the v,(SO,) modes of 2. The strong and
apparently complex band in the spectrum of 2 (with a maximum at 1148 cm™), on the other
hand, corresponds to the v{(SO») mode.

4. Conclusions

In conclusion, the present work shows that in addition to the known diversity of the
bonding modes of its deprotonated form in the metal saccharinates, saccharin can also form
adducts in the solid state. even with the simple alkali saccharinato salts. This, eventually, can
have some significance for understanding the mechanisms of the suspected pathological
action of saccharin on the biological systems.
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Fig. 2. The Carbonyl Stretching Fig. 3. The v(SO,) Region in the FT IR Spectra of the
Region in the FT IR Spectra of the Two Cesium Saccharinates, Saccharin i "Sac™) and the
Two Cesium Saccharinates and Mixture (“Mix”") of Cs(sac)- 0.5H,O and Saccharin
Saccharin obtained after Dissolution of Cs(Hsacsac) H-O in

Water
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CUHTE3A 1 KOMIIAPATUBHO BUBPAIIMOHO U3YYYBAILE
HA IBA HOBH HE3UYM CAXAPUHATH: CIIEKTPOCKOIICKU
JOKA3 3A AAYKT HA CAXAPUH

ITanue HaymoB, I'murop JoBanoBckn

Hructtiviivii 3a xemuja, Ilpupodro-mattiemaitiuyiie gpaxyaitiert,
Yuusepszuitieid “Co. Kupua u Mewioouwy”, I1 @ax 162, MK-91001 Ckoiije. MakedoHuija

Ancrpakt: CHHTETH3HpAHI I KapaKTepH3MpaHW ce ABAa HOBM CaXapHHAaTH Ha US3HYM cO hopayin
Cs(Hsac)(sac)- H,O (1) u Cs(sac)- 0.5H,0 (2). HuBHnTe NpOoTHPaHH U NAapUHjaJHO ICYTEPHPaHU aHalO3H cC
usyuenu co Pypue-tTpanchoprHa HHPpaUpBEeHa CIEKTPOCKOIHja Ha Pa3THUHA TEMIEPATVPIL.

CnpoTHBHO Ha CHTe focera M3yUeHHM caXxapHHaTH, ¢ppekBeHUHjaTa Ha exeH 01 v(CO) MonosuTC
BO CHCKTApOT Ha 1 € 3HAUHTENHO [108UCOKA OfI COONBETHATA BPETHOCT Kaj CaXapHHOT BO UBPCTA COC-
TOjOa. a ICTOBPEMCHO, BO CNIEKTAPOT Ha OBA COEUHEHHE € NPHCYTHA U JIEHTA [ITO Ce IPHNHIIYBa Ha NH
BasieHTHaTa BHOpanuja. OBa NpeTcTaByBa CNEKTPOCKOICKH 10Ka3 1eKa 1, MOKpaj eIHHCTBEHIIOT BAKOB
O3HAT ciyvaj 1ocera [ 1], npeTcTaByBa afyKT Ha Moaekyackuolll caxapud. OBOj HAOT LIOTBPAYBA i 1¢Ka,
MOKpaj OCTaHATUTC HAUHHI Ha CBP3YBame (KAKO jOH W/WIM JIMTAHM). CAXapHHOT MOXKe 1a OHIC BKIVUuen
BO CTPYKTypaTa H KaKO HEyTpasiHa MOJIEKy/a, IITO Of CBOja CTPaHA MOXKC 1a HMa It (PH3HOJOUIKO 3iia-
TCHE.

0 Structural Chemistry

368





