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Saccharin, redetermined at 120 K: a three-
dimensional hydrogen-bonded framework

Molecules of the title compound, C;HsNOsS, are linked by
paired N—H- - -O=C hydrogen bonds into R3(8) dimers and
these dimers are linked into a three-dimensional framework
structure by a combination of three independent C—H---O
hydrogen bonds.

Comment

The structure of saccharin, (I), was determined some years ago
(Bart, 1968; Okaya, 1969) using diffraction data collected at
ambient temperature, and accordingly the precision of some of
the interatomic distances is fairly modest. While in one report
(Bart, 1968) the precision on the bond angles is satisfactory, in
the other (Okaya, 1969) no s.u. values were quoted for the
interbond angles. The molecules were reported to form
centrosymmetric dimers constructed from paired N—
H. . -O=—C hydrogen bonds.
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We have now taken the opportunity to redetermine this
structure using diffraction data collected at 120 (2) K; this has
permitted refinement to a rather lower R factor and has
provided interatomic distances of significantly higher preci-
sion (Fig. 1 and Table 1). The cell dimensions and space group
indicate that the same phase is present at 120 K as at ambient
temperature.

The molecules are linked by a combination of N—H---O
and C—H- - -O hydrogen bonds in which all three O atoms act
as acceptors (Table 2). The N—H- - -O hydrogen bond, which
utilizes a carbonyl O atom as acceptor, generates a centro-
symmetric R3(8) dimer (Fig. 2), exactly as reported previously;
for the sake of convenience, the reference molecule has been
selected so that this dimer lies across (4, 1,1). These dimers are
linked into a single three-dimensional framework by three
independent C—H:--O hydrogen bonds, each utilizing a
different O atom as acceptor (Table 2). The hydrogen bond
involving C2 as donor links the R3(8) dimer centred at (3,1, 1
to those centred at (—, 0, 0), (=3, 1,0), (3,0, 1) and (3, 1, 1),
thereby generating a (—102) sheet. The hydrogen bond
involving C4 as the donor links the (3, 1, 1) dimer to those
centred at (3, —1,0), 3, —1,1), (3, 2, 0) and (3, 2, 1), so forming
a (100) sheet. This sheet is reinforced by the third, rather
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Figure 1
The molecule of (I), showing the atom-labelling scheme. Displacement
ellipsoid are drawn at the 30% probability level.

weak, C—H- - -O hydrogen bond where C5 is the donor; this
interaction links the (3, 1, ) dimer to those centred at (3, 0, 0),
(3, 1,0), 3 0, 1) and (4, 1, 1), so that the (100) sheet is of
considerable complexity. The combination of the (100) and
(102) sheets suffices to link all of the molecules into a single
framework.

The original reports on the structure of (I) (Bart, 1968;
Okaya, 1969) made no mention of the C—H---O hydrogen
bonds; at the time of those reports, the notion that such
interactions could be of structural significance was not widely

recognized and certainly not widely accepted.

Experimental

Crystals of compound (I) suitable for single-crystal X-ray diffraction

were grown from an ethanol solution.

Crystal data

C;H;NO;S

M, =183.18
Monoclinic, P2, /c
a=94722 (4) A
b=69227 (2) A
c=11.7322 (3) A
B =103203 (3)°
V =74898 (4) A®
Z=4

Data collection

Nonius KappaCCD diffractometer

¢ and w scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)
Tonin = 0.847, Tax = 0.958

12303 measured reflections

1706 independent reflections

Refinement

Refinement on F?

R[F? > 20(F?)] = 0.039

WR(F?) = 0.092

S=11

1706 reflections

109 parameters

H-atom parameters constrained

D, = 1.624 Mg m™®

Mo Ko radiation

Cell parameters from 1706
reflections

6 =3.6-27.5°

=039 mm™

T=120 (2) K

Lath, colourless

0.44 x 0.16 x 0.11 mm

1490 reflections with I > 20(I)
Rin = 0.052

Omax = 27.5°
h=-11— 12
k=—-8—9
I=—-14 - 15

w = 1/[0*(F,%) + (0.0203P)*
+ 0.8656P]
where P = (F,” + 2F2)/3
(AI6) max < 0.001
Apmax =042¢ A7°
APmin = —0.63 ¢ A7

a

Figure 2

Part of the crystal structure of (I), showing the formation of an R%(8)
dimer. For clarity, H atoms bonded to C atoms have been omitted.
Hydrogen bonds are indicated by dashed lines. Atoms marked with an
asterisk (*) are at the symmetry position (1 —x,1 —y, 1 — z).

Table 1 .

Selected geometric parameters (A, °).

S1—01 1.4291 (15) Cl—-C2 1.387 (3)
S1—02 1.4323 (15) C2—C3 1.393 (3)
S1—N1 1.6643 (16) C3—C4 1.390 (3)
S1—Cl 1.7560 (19) C4—-C5 1.392 (3)
N1-C7 1.374 (2) C5—-C6 1.382 (3)
C7—-03 1223 (2) C6—Cl 1.391 (3)
C7—C6 1.481 (3)

01-S1-02 117.37 (9) S1—N1-C7 115.65 (13)
01-—-S1-N1 110.37 (9) 03—C7—N1 124.53 (17)
02—S1—-N1 109.48 (9) 03—-C7-C6 126.12 (17)
01-S1—-Cl1 111.71 (9) N1—-C7—C6 109.34 (16)
02—S1—-Cl1 112.68 (9) S1—-C1-C6 110.01 (14)
N1-S1-Cl 92.41 (8)

Table 2 .

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
N1—HI1...03 0.95 1.86 2.786 (2) 167
C2—H2.--02f 0.95 2.46 3377 (3) 161
C4—H4---O1% 0.95 2.55 3.375 (2) 145
C5—H5---03" 0.95 2.50 3.169 (2) 128

Symmetry codes: (i) —x+ 1, —y + 1, —z 4+ 1; (ii) —x,y — 4, —z + % (i) x, -y — L,z + &
G(v) —x+1,y—% —z+3

All H atoms were located in difference maps and then treated as
riding atoms with C—H = 0.95 A and N—H = 0.95 A, and with
Uiso(H) = 1.2 U4(CN).

Data collection: COLLECT (Hooft, 1999); cell refinement:
DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduc-
tion: DENZO and COLLECT; program(s) used to solve structure:
WinGX (Farrugia, 1999) and SIR92 (Altomare et al, 1993);
program(s) used to refine structure: OSCAIL (McArdle, 2003) and
SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek,
2003); software used to prepare material for publication: SHELX1.97
and PRPKAPPA (Ferguson, 1999).
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