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In crystalline thiosalicylic acid (2-mercaptobenzoic acid),
C;HgO,S, the carboxylic acid groups form hydrogen-bonded
dimers, whereas the S—H groups form an infinite S—H- - -S—
H:--S—H hydrogen-bond chain, with an S..-S distance of
3.986 (3) A.

Comment

Although S—H is a classical hydrogen-bonding functional
group, there is surprisingly little structural information on S —
H--.X hydrogen bonds. Even for the most common variant,
S—H-: - -0, the published material is scarce (Allen et al., 1997).
For all the other cases, like S—H.--S,S—H.--N,S—H...Cl",
S—H-: . -Ph etc., there are only a handful of relevant crystal
structures (surveyed by Desiraju & Steiner, 1999; see also
Steiner, 1998; Rozenberg et al, 1999). In this context, the
crystal structure of thiosalicylic acid, (I), was determined.
Initially, it was unclear which kind of hydrogen bond the S—H
group would form (inter- or intramolecular; S—H---O or
S—H---§).
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The molecular structure of (I) in the crystal is shown in
Fig. 1. The mercapto and carboxyl groups have normal
geometries [C2—S1 = 1.766 (3), SI—H1 = 1.30 (5) A and
C2—S1—H1 = 95(2)°; 0O1=C7 = 1.219 (4) and 02—C7 =
1.306 (4) A]. No intramolecular S—H. - -O hydrogen bond is
formed, but the S—H group is oriented away from the
carboxylic acid moiety [torsion angle Cl1—-C2—-S1—HI1 =
178 (2)°]. This contrasts with the oxygen analogue salicylic
acid, where an intramolecular O—H- - -O==C hydrogen bond
is formed with O---O = 2.62 A (Sundaralingam & Jensen,
1965). The molecule of (I) is significantly non-planar, with the
carboxylic acid group rotated 10.0 (2)° out of the aromatic
plane. This way, the O1 atom is displaced by 0.131 (5) A from
the ring plane. Atom S1 is displaced from that plane in the
opposite direction by —0.016 (4) A. The angle C1—C2—S1 is

Figure 1
The molecular structure of (I) with displacement ellipsoids drawn at the
30% probability level.

widened to 122.1 (2)°. These distortions indicate significant
steric repulsion between O1 and S1 [distance 2.752 (3) A). In
order to understand why no intramolecular hydrogen bond is
formed, one must consider that S---O distances in S—H. --O
hydrogen bonds have only been found longer than 3.2 A
(Desiraju & Steiner, 1999). A hypothetical S—H:--O inter-
action with an S---O separation of around 2.75 A would (if
relatively linear) have an H.--O distance so short that it is
deep in the repulsive regime of the hydrogen-bond potential.

The hydrogen-bond scheme that is actually formed in (I) is
shown in Fig. 2 and geometrical parameters are listed in
Table 1. The carboxylic acid groups form dimers with standard
geometry [O---O = 2.657 (4) A] The S—H groups form an
infinite S—H-..S—H---S—H hydrogen-bond chain in the
direction of the y axis, with distances S- - -S = 3.986 (3) A and
H..-S = 272 (5) A. Since the C—S—H group has refined
almost to typical neutron diffraction geometry [e.g. S—H =
1338 (2) A and C—S—H = 96.9 (2)° in the neutron diffraction

Figure 2

Section of the crystal packing illustrating the system of O—H---O and
S—H-- 8 hydrogen bonds. The S—H---S chain runs in the direction of
the y axis, which is horizontal here. The projection plane is rotated by 10°
around the x axis from the orientation shown.
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study of N-acetyl-L-cysteine; Takusagawa er al, 1981], the
geometry in Table 1 is already realistic and normalization is
unnecessary. The distances are similar to those in other S—
H- - -8 hydrogen bonds between poorly activated S—H groups,
like in thiols and thiophenols (they can be considerably
shorter between more polar S—H groups). The acceptor
directionality is described by the angle H--.81—C2 of
76.1 (9)° and the torsion angle H- - -S1—C2—C1 of —81 (1)°,
showing that the hydrogen bonds are directed at the ‘sides’ of
the C—S—H acceptors. Two weak C—H.- - -O hydrogen bonds
are also formed (Table 1).

Experimental

Thiosalicylic acid, (I), was obtained from Aldrich and was recrys-
tallized from MeOH by slow evaporation of the solvent.

Crystal data

C,Hg0,S D, =148 Mgm™

M, =154.18 Mo Ko radiation
Monoclinic, P2, /c Cell parameters from 34
a =185 (7) A reflections
b=5963(5) A 0=72-162°

c=14940 (11) A = 0.396 mm ™

B = 100.69 (7)° T=293(2)K

V = 6877 (10) A® Plate, yellow
Z=-4 025 x 0.20 x 0.03 mm

Data collection

Stoe four-circle diffractometer h=—10—7

@ SCans k=—-7—=17

1692 measured reflections I=—19 — 14

1580 independent reflections 3 standard reflections
1188 reflections with I > 2a(J) frequency: 90 min

R, = 0,043 intensity decay: 5%

O = 27.50°

Table 1 .

Hydrogen-bonding geometry (A, °).

D—H.. A D—H H---A DA D—Fo-d
02—H2. .01 0.91 (6) 1.75 (6) 2.657 (4) 174 (5)
S$1—HI---S1" 7 1.30(5) 2.72.(5) 3.986 (3) 164 (3)
C5—HS5--.01™ 0.93 2.66 3.584 (5) 171
C6—H6- --02" 0.93 262 3.362 (5) 137

Symmetry codes: (i) 1—x,—1—y,—z (i) 1 —xf+yi—z (i) x—1yz (iv)
-x,—1—y, —z.

Refinement

w = U[a*(F,?) + (0.1042P)*
+ 0.1754P]
where P = (F,? + 2F.2)/3
(A/ ) max < 0.001
Appae =053 A™>
Apoin = —030e A2

Refinement on 2

R[F? > 20(F%)] = 0.057

wR(F?) = 0.171

§=1.026

1580 reflections

103 parameters

H atoms treated by a mixture of
independent and constrained
refinement

H atoms bonded to C atoms were treated in the default riding
model; the H atoms bonded to O2 and S1 were located in difference
Fourier calculations and refined isotropically. All H-atom displace-
ment parameters refined to realistic values [H atoms bonded to C;
0.056-0.072 A% H atoms bonded to O and $: 0,11 (1) and 0.09 (1) A?,
respectively].

Program(s) used to solve structure: SHELXS86 (Sheldrick, 1985);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: PLATON (Spek, 1990) and ORTEPII (Johnson,
1976); software used to prepare material for publication:
SHELXLY7.

Dr D. Lentz is thanked for providing access to the single-
crystal diffractometer.

Supplementary data for this paper are available from the TUCr electronic
archives (Reference: DE1138). Services for accessing these data are
described at the back of the journal.
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data_salic

_audit_creation_method SHELXL-97
_journal_date_recd_electronic 2000-01-25
_Jjournal_date_accepted 2000-04-06
_journal_name_ full 'Acta Crystallographica, Section C’
_Jjournal_vear 2000

_journal_volume 56

_Jjournal_issue 7

_journal_page first 876

_Jjournal_page_last 8717
_journal_paper_category FO

_publ_ contact_author_name 'Dr. Thomas Steiner’

_publ_contact_author_address
Institut fur Chemie - Kristallographie
Freie Universitat Berlin
Takustrasse 6
D-14195 Berlin
Germany

_publ_contact_author_email steiner@chemie.fu-berlin.de
_publ_section_title

S-H...S hydrogen-bond chain in thiosalicylic acid

loop_
_publ_author_name
_publ_author_address
‘Steiner, Thomas’

Institut f\"ur Chemie - Kristallographie
Freie Universit\"at Berlin

Takustrasse 6

D-14195 Berlin

Germany

data_T
_chemical_name_systematic
H

2-mercaptobenzoic acid

’

_chemical_name_common ‘thiosalicylic acid’
_chemical_formula_moiety ‘C7 H6 02 S’
_chemical_ formula_sum ‘C7 H6 02 S’
_chemical_formula_weight 154.18
_chemical _melting point 7
_symmetry_cell_setting monoclinic
_symmetry space_group name_H-M i
loop__

_symmetry_equiv_pos_as_xyz

l'xl yr Zf

T-x, y+1/2, -z+1/2'
I_Xr “Y: 721
'x, -y-1/2, =z-1/2'

_cell_length_a 7.856(7)
_cell length_ b 5.963(5)
_cell_length_c 14.940(11)
_cell _angle_alpha 90.00

_cell_angle_beta 100.69(7)




_cell angle_ gamma 90.00
_cell_wvolume 687.7(10)
_cell formula units_2 4

_cell_measurement_reflns_used 34
_cell measurement_theta_min T.2
_cell _measurement_ theta max 16 2
_cell_measurement_temperature 293 (2)
_exptl crystal_description plate
_exptl_crystal_colour vellow

_exptl crystal size max .25
_exptl_crystal_size mid .20
_exptl_crystal size min .03
_exptl_crystal_density_diffrn 1.4895

_exptl _crystal_density meas
_exptl_crystal_density_method
_exptl _crystal F 000 320
_exptl_absorpt_coefficient_mu

'not measured’

.396

_exptl_absorpt correction_type none

_exptl_absorpt_process_details
_exptl absorpt correction T min
_exptl_absorpt_correction_ T max
_exptl special_details

’?

_diffrn_ambient_temperature
_diffrn radiation_ type MoK\a
_diffrn_radiation_wavelength
_diffrn radiation_source
_diffrn_radiation_monochromator
_diffrn_measurement_device_type
_diffrn measurement method t
_diffrn_detector_area_resol_mean
_diffrn reflns_ number 1692

?
2
2

293(2)

.71073

"fine-focus sealed tube’

graphite

'Stoe four circle diffractometer’

\w-scans’
2

_diffrn reflns_av_R_egquivalents .0432
_diffrn reflns_av_sigmal/netI .0458
_diffrn_reflns_theta min 2.64
_diffrn_reflns_theta_max 27.50

_diffrn reflns theta full 27 .50
_diffrn_measured_fraction_theta_max 1.000
_diffrn_measured_fraction_theta_full 1.000
_diffrn_reflns_limit_h_min -10
_diffrn_reflns limit h max 7

_diffrn reflns_limit_k min -7

_diffrn reflns limit_k max 7
~diffrn_reflns_limit_l min -19

_diffrn reflns_limit_1_max 14

_diffrn_ standards_number 3
_diffrn_standards_interval_count ?
_diffrn_standards_interval_time 90
_diffrn_standards_decavy_% 5

_refine_special_ details

’

Refinement of F"2" against ALL reflections. The weighted R-factor wR and
goodness of fit S are based on F"2", conventional R-factors R are based

on F, with F set to zero for negative F~2". The threshold expression of
F*2” > 2sigma (F"2") is used only for calculating R-factors(gt) etc. and is
not relevant to the choice of reflections for refinement. R-factors based
on F"2” are statistically about twice as large as those based on F, and R-
factors based on ALL data will be even larger. ’

"

_reflns_number_ total 1580
_reflns_number_gt 1188
_reflng threshold expression

I>2\s(TI)

_refine_ls_structure_factor_coef Fsgd

_refine 1ls _matrix type fu
_refine_ls_R_factor_all
_refine_1s R factor_gt .
_refine 1s_wR_factor_ref
_refine_1s_goodness_of_fit_re
_refine ls_restrained_S_all
_refine 1s_number_reflns
_refine ls_number_ parameters
_refine_ ls_number_restraints
_refine ls_hydrogen_ treatment
_refine_ls_weighting_scheme
_refine 1ls_weighting details

11
.0810
0567
.1710
£ 1.026
1.026
1580
103
0
mixed
calc

'calc w = 1/[\s"2"(Fo"2")+(0.1042P)"2"+0.1754P] where P=(Fo"2"+2Fc"2")/3'

_refine_1ls_shift/su_max <0.001
_refine_ls_shift/su mean .000
_refine_diff_density_ max .530
_refine Aiff density_min -.303
_refine ls_extinction_method none

_refine l1ls extinction_coef
loop_
_atom_type_symbol

?




_atom_type_description
—atom_type_scat_dispersion_real
_atom_type_scat_dispersion imag
_atom_type scat_source
T HOY .0033 .001s6

'International Tables
'H' 'H' _.0000 .0000

'International Tables
g nep .0106 .0060

'International Tables

rgr g L1246 .1234
"International Tables
_computing_data_collection ?
_computing_cell_refinement ?
_computing_data_reduction ?

_computing_structure_solution
_computing_structure_refinement
_computing_molecular_graphics

Vol C Tables 4.2.6.8 and 6.1.1.4"

Vol C Tables 4.2.6.8 and 6.1.1.4"

Vol C Tables 4.2.6.8 and 6.1.1.4"

Vol C Tables 4.2.6.8 and 6.1.1.4"

'SHELXS86 (Sheldrick, 1986)°
'SHELXL97 (Sheldrick, 1997)’
'PLATON (Spek, 1990)°

_computing_publication_material ' SHELXLST'
loop_
_atom_site_ label
_atom_site_fract_x
_atom_site_fract_ vy
_atom_site_fract_z
_atom_site_U_iso_or_equiv
_atom _site_adp_type
_atom_site_calc_flag
_atom_site refinement_flags
_atom_site_occupancy
_atom_site_disorder_assembly
_atom_site_disorder_group
_atom_site_tvype_symbol
S1  .51689(9) .11696(13) .16353(5) .0462(3) Uani 4 . 1 . . 8
H1 .495(6) .301(8) .206(3) .089(14) Uiso d . 1 . H
Ol .5120(3) -.2870(4) .07396(16) .0513(6) Uani d 1 0
02 .2759(3) -.4588(4) .00178(18) .0567(7) Uani 4 1. .0
H2 +B55(T) -.542(11) -.021(3) .108(18) Uiso d . 1 . . H
Cl .2377(3) -.1588(5) .09739(18) .0364(6) Uani d .1 . . C
C2 .2970(3) .0356(5) .14519(18) .0368(6) Uani-d . 1 . . C
C3 .1783(4) .1685(6) .1799(2) .0495(8) Uani 4 . 1 . . C
H3 .2164 .2970 .2129 .072(12) Uiso calc R 1 . . H
C4 .0063(4) .1121(6) .1661(2) .0516(8) Uani d . 1 . . C
H4 -.0712 .2041 .1889 .056(10) Uiso calc R 1 . . H
C5 -.0528(4) -.0779(6) .1191(2) .0501(8) Wani d . 1 . . C
H5 -.1694 -.1161 .1106 .065(11) Uiso calc R 1 . . H
C6 .0623(4) -.2121(6) .0845(2) .0437(7) Uani d . 1 . . C
H6 .0221 -.3405 .0520 .057(10) Uiso calc R 1 . . H
C7 .3548(4) -.3061(5) .05711(19) .0400(6) Uani d . 1 . . C
loop_
_atom site_aniso_label
_atom _site_aniso U 11
_atom site_aniso U_22
_atom_site_aniso U 33
_atom_site aniso_U_12
_atom_site _aniso_U_13
_atom_site_aniso U_23
S1 .0355(4) .0408(5) .0627(5) =-.0039(3) .0104(3) -.0065(3)
0l .0319(10) .0506(13) .0726(14) -.0017(9) .0126(9) -.0245(11)
02 .0367(11) -0542(14) .0810(17) -.0036(10) .0160(11) -.0309(12)
el .0335(13) .0366(14) .0406(13) .0022(11) .0104(10) -.0005(11) .
C2  .0323(13) .0387(14) .0401(13) .0018(11) .0088(10) .0001(11)
C3 .0440(16) .0448(17) .0615(19) .0036(13) .0147(14) -.0144(14)
C4 .0418(16) .056(2) .0611(19) .0086(14) .0199(14) -.0111(15)
C5 .0329(14) .063(2) .0569(18) -.0003(13) .0139(12) -.0068(15)
C6 .0347(14) .0460(16) .0515(16) -.0029(12) .0114(11) -.0088(13)
C7 .0369(14) -0369(14) .0478(15) -.0007(12) .0122(11) -.0051(12)

_geom_special_details

'

All esds (except the esd in the dihedral angle between two l.s. planes)

are estimated using the

full covariance matrix. The cell esds

are taken

into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are only
used when they are defined by crystal symmetry. An approximate (isotropic)
treatment of cell esds is used for estimating esds involving 1l.s. planes.

’
loop_

_geom_bond_atom_site_label_1
_geom_bond_atom_site_label_ 2
_geom_bond_site_symmetry 2

_geom_bond_distance
_geom_bond_publ_flag
S1 C2 . 1.766(3) 2

S1 H1 . 1.30(5) 2
01 Cc7 . 1.219(4) = .
02 c7 1.306(4) »

02 H2 . .91(6) 2




Cl Cc6 . 1.392(4) =z
¢l c2 . 1.395(¢4) @
el €7 . 1.478{4) 2
C2 €3 .. 1.396(4) »
€3 ¢4 . 1.,370(4) @
c2 B3 = .9300 2
C4 C5 . 1.368(5) ?
C4 H4 . .9300 7
C5 C6 . 1.377(4) 2
C5 H5 . .9300 7
C6 H6 . .9300 7
loop_

_geom_angle_atom_site_label_1
_geom_angle_atom_site_label 2
_geom_angle_atom_site_label_3
_geom_angle_site symmetry_ 1
_geom_angle_site_symmetry_ 3
_geom_angle
geom.angle_publ flag

c2 s1 H1 95(2) 2
7 o2 H2 « . 12043) 7
¢6 EL 62 . « 119.2(3) 7
c6e Cc1 Cc7 . . 118.9(3) 2
C2 ¢c1 cF . . 121:5(2) =2
clcz2c3 . . 118.6(3) 7
cl1 c2 81 . . 122.1(2) 2
c3 c2 s1 . . 119.2(2) 7
¢l e3 2 . . 120.9(3) 7
c4 C3 H3 . . 119.6 7
C2 ¢3 H3 . . 119.6 72
C5 ¢4 €3 » . 120.8(3) 7
C5 C4 H4 . . 119.6 7
C3 C4 H4 . . 119.6 7
C4: 5 C6 . .« 119:3(3)
c4a Ch H5 . . 120.3 7
ce- 5 H5 . . 120.3 %
C5 Ce C1 . . 121.2(3) »
ch €6 .B6 . . 119.4.°7
¢l €6 .H6 - - 119.4. 7
01 €7 02 o = 1227(3) 2
o1 ¢7 €1 . = 122.9{(3) ?
02 C7 €Ll . < 114.4(3) =
loop_

_geom_torsion_atom _site_label_ 1
_geom_torsion_atom site_label_2
_geom_torsion_atom_site_label_3
_geom_torsion_ atom site label_4
_geom_torsion_site_symmetry 1
_geom_torsion_site_symmetry 2
_geom_torsion_site_symmetry_ 3
_geom _torsion_site_symmetry 4

_geom_torsion

_geom__ tor51on_publ flag

C6 Ccl C2 €3 . .. 1.1(4) 2

e7] ¢l @2 €3 .. . . . 178.9(3) ¥
C6 €1 €281 .« . . - =179.3(2) ?
¢l ¢crLe281L . . . . =1.5(4) 2
Cil e2e3. 84 . « - =225y 2
Sl e2e3ed o« < o= 1F92(3) 2
C2 c3Cc4 €5 . «~ . « 1.0(5) 2

C3 g4 CHh-C6 o z = & =-=8B(5) 2
c4chcecl .. . . .7(5) ?
czecircecs .. . . . -.8(5) 2
c7ciLcecs . . . . =178.7(3) »
e 81 €7 0L . - « - =172 .21(3) @2
22 Pl e el - = « = 134 (B) 2
ce cr1cCc7vo2 .. . . 9.0(4) 2

C2 e1L¢e7 02 5 5 » = =16B.B(3) ?

loop_

_geom_hbond_atom_site_label D
_geom_hbond_atom_site_label_H
_geom_hbond_atom_site_label_ A
_geom_hbond_site_symmetry A
_geom_hbond_distance_DH
_geom_hbond_distance_ HA
_geom_hbond_distance_DA
_geom_hbond_angle DHA
02 H2 01 3_645 .91(6) 1.75(6)
S1 H1 sS1 2_655 1.30(5) 2.72(5)
C5 H5 01 1_455 .93 2.66 3.584(
C6 H6 02 3_545 .93 2.62 3.362(

2.657(4)
3.986(3)
5) 171
5) 137

174(5)
164(3)




