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Abstract

C3sHx5Br010Ss4,  triclinic, P1  (no. 2),
b=10.27180(10) A,  ¢=20.6598(4) A,
B=95933(2)°, y=96.008(1)°, V=1618.11(5) A,
Rgt(F) = 0.0624, WRye((F?) = 0.1759, T =100(2) K.

a=79533(2) A,
a=103.462(1)°,
Z=2,
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The molecular structure is shown in the figure. Table 1 con-
tains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

Table 1: Data collection and handling.

Crystal: Colourless prism

Size: 0.09 0.06 0.05 mm
Wavelength: Cu Ko radiation (1.54184 A)
u: 4.68 mm !

Diffractometer, scan mode:
Bmax, completeness:

N(hk[)measured ’ N(hkl)uniquer Rint:

Criterion for lops, N(hkDg::

N(param)efineq:
Programs:

XtalLAB Synergy, w
76.4°,>99%

41307, 6729, 0.041

lobs = 2 0(lops), 6431

466

CrysAlisPRO [1], SHELX [2, 3],

WinGX/ORTEP [4]

Source of material

The title 2:1 co-crystal was prepared through solvent drop
grinding of 2-mercaptobenzoic acid (Merck, Darmstadt, Ger-
many) (0.154 g, 1 mmol) and 3-bromobenzoic acid (Alfa
Aesar, Heysham, Lancashire, United Kingdom) (0.201 g,
1 mmol) in a 1:1 molar ratio. The mixture was ground for
15 mins in the presence of a few drops of methanol and
the process was repeated three times. Upon dissolving the
mixture in dimethylformamide (1 mL), the solution was then
carefully layered with benzene (1.5 mL). Colourless crystals
formed after two weeks. M.pt: 491-493 K. IR (ATR, cm 1):
3066-2829(w) v(C—H), 1683(s) v(C=0), 1560(m) v(C=C),
1415(m) 8(C—H), 739(s) 8(C=C), 669(m) v(C—Br), 493(w)
v(S—S).

Experimental details

The C-bound H atoms were geometrically placed (C—
H=0.95 A) and refined as riding with Ujs,(H) = 1.2U¢q(C).
The O-bound H-atoms were located in a difference Fourier
map but were refined with a distance restraint O—
H=0.84 0.01A, and with Uis,(H) set to 1.5Ueq(0). Owing
to poor agreement, one reflection, i.e. (0 1 1), was omitted

from the final cycles of refinement.
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Table 2: Fractional atomic coordinates and isotropic or equivalent Table 2 (continued)
isotropic displacement parameters (A2).
Atom X y z Uiso*/Ueq
Atom x y z Uiso*/Ueq (24 0.5407(5) 1.0916(4) 0.59543(19) 0.0229(8)
Brl 1.00883(7) 0.79638(5)  0.31164(3) 0.03747(17) H24 0.5715 1.0756 0.5513 0.027*
S1 078070(11) 0.40858(9)  0.26241(4) 0.0165719) (2 0"‘:2(56; 1'211%%43 °'602§Z§322 0'032(;(292
S2 0.81477(12) 0.50631(8) 0.36235(4) 0.0170(2) 26 0.4336(6) 1.2337(4) 0.6860(2) 0.0285(9)
S3 0.53249(12) 0.89453(8) 0.74523(4) 0.0186(2) H26 0.3905 1.3150 0.7047 0.034*
S4 0.56038(12) 1.00647(9) 0.84254(4) 0.0184(2) Cc27 0.4469(6) 1.1369(4) 0.7228(2) 0.0257(8)
01 0.7024(5)  0.5139(4) 0.00345(18) 0.0443(9)  H27 0.4129 1.1534 0.7664 0.031*
02 0.5582(5) 0.5877(4) 0.08759(19) 0.0389(8) c28 0.5088(5) 1.0165(4) 0.69696(18) 0.0193(7)
H20 0.477(10) 0.554(7) 0.060(4) 0.058* (29 0.3508(5) 1.0177(3)  0.86487(18)  0.0172(7)
03 0.7131(3) 0.3124(3)  0.12900(13) 0.0182(5) €30 0.2067(5) 0.9649(4) 0.81789(19) 0.0191(7)
04 0.9000(4)  0.2621(3) 0.05612(13) 0.0223(6) H30 0.2201 0.9236 0.7729 0.023*
H40 0.810(4) 0.229(5) 0.030(2) 0.033* C31 0.0434(5) 0.9719(4) 0.8360(2) 0.0219(82
05 0.7635(4)  0.6292(3) 0.48742(13)  0.0197(5) o2 0.0531 0.9357 0.8032 0.026
’ ' : ! C32 0.0205(5) 1.0311(4) 0.9012(2) 0.0233(8)
06 0.6687(4) 0.5222(3) 0.56240(13) 0.0204(52 H32 0.0911 1.0336 0.9136 0.028*
H60 0.646(7) 0.600(2) 0.579(3) 0.031 33 0.1622(5) 1.0868(4) 0.94836(19) 0.0197(7)
07 0.5956(4)  0.7640(3) 0.62061(13) 0.0218(6)  H33 0.1470 1.1286 0.9931 0.024*
08 0.6849(4) 0.8689(3) 0.54466(14) 0.0242(6) C34 0.3271(5) 1.0823(3) 0.93098(18) 0.0153(7)
H80 0.711(7) 0.793(3) 0.527(3) 0.036* (35 0.4743(5) 1.1469(3) 0.98236(18) 0.0159(7)
09 0.6224(3) 1.1430(3) 0.97132(13) 0.0221(6)
010 0.4344(4) 1.2113(3) 1.04050(14) 0.0250(6)
H100 0.520(5) 1.236(6) 1.070(2) 0.038* C
c1 0.6985(6)  0.5727(4) 0.0625(2) 0.0311(9) Comment
C2 0.8582(6) 0.6280(4) 0.1091(2) 0.0284(9) In continuation of a long-held interest in co-crystals of 2-[(2-
c3 0.8523(6)  0.6768(4) 0.1773(2) 0.0266(8) carboxyphenyl)disulfanyl]benzoic acid (2,2’-dithiodibenzoic
H3 0.7471 0.6762 0.1953 0.032*  4cid; DTBA) [5, 6], recent attention has been directed to co-
ca 1.0049(6)  0.7261(4) 0.2178(2) 0.0289(9) crystal formation of this conformationally flexible di-acid
5 1.1596(6)  0.7260(5) 0.1935(3)  0.0371(11) i o o i )
H5 1.2634 0.7583 0.2227 0.045* [7] with benzoic acid derivatives. Thus, it has been possi-
c6 1.1593(7)  0.6770(5) 0.1244(3)  0.0408(11) Dle to isolate the anticipated 1:2 co-crystal, DTBA.2 (benzoic
Hé6 1.2646 0.6771 0.1064 0.049* acid) whereby each carboxylic acid group of DTBA associ-
c7 1.0125(7)  0.6296(5) 0.0827(3)  0.0349(10)  ated with benzoic acid via a non-symmetric, eight-membered
*
H7 1.0142 0.5976 0.0358 0.042 {---HOCO}, synthon [8]. However, analogous experiments
c8 0.8611(5  0.3092(3)  0.11679(17) 0.0150(7) ith 3-chlorobenzoic acid (3-CIBA) gave rise to an unexpected
co 1.0095(5)  0.3574(3) 0.16954(17)  0.0149(7) : gave p
c10 1.1742(5)  0.3543(4) 0.15098(19) 0.0188(7) Ll multi-component crystal comprising DTBA, 3-CIBA and
H10 1.1875 0.3249 0.1049 0.023* dimethylformamide (DMF) [9]. Here, one carboxylic acid asso-
C11 1.3176(5)  0.3933(4) 0.1986(2) 0.0221(8) ciated with 3-CIBA via the {- - - HOCO}, synthon but the sec-
H11 1.4285 0.3909 0.1855 0.027*  ond residue formed a seven-membered {- - - HOCO- - - HCO}
C12 1.2966(5)  0.4360(4) 0.2659(2) 0.0208(7) heterosynthon with the DMF molecule [9]. This species was
H12 1.3941 0.4613 0.2991 0.025* | ] n lisati fath ol
13 1.1350(5)  0.4420(4) 0.28533(18) 0.0193(7) 180 ated from the recrystallisation of a thoroughly ground
H13 1.1234 0.4726 0.3315 0.023* powder (solvent drop method with methanol) comprising a
C14 0.9891(5)  0.4038(3) 0.23784(18) 0.0170(7)  1:1 mixture of 2-mercaptobenzoic acid and 3-CIBA in toluene
15 0.8289(5)  0.3753(4) 0.40607(18) 0.0170(7)  which was layered with DMF; co-crystallisation experiments
ﬁiz 0'80723 (751) 0'20522(745) 0‘375032 (3109; 0'0(:%62(;2 with 2-mercaptobenzoic acid are well-known to produce
c17 0.8864(5)  0.1499(4) 0.4093(2) 0.0236() DTBA [5, 6, 10] and, indeed, other side-products [11]. A
H17 0.9183 0.0658 0.3874 0.028+ similar experiment in which the powder was crystallised
C18 0.8485(5) 0.1695(4) 0.4743(2) 0.0236(8) from dichloromethane layered with benzene gave the 2:1
H18 0.8550 0.0998 0.4973 0.028*  co-crystal 2DTBA.3-CIBA [12]. In the present report, analo-
19 0.8005(5)  0.2931(4)  0.50569(19) 0.0208(7) gous experiments were conducted but with 3-bromobenzoic
*
H19 0.7744 0.3072 0.5504 0.025 acid (3-BrBA) as the co-former. After recrystallisation from
Cc20 0.7904(5) 0.3960(3) 0.47256(18) 0.0162(7) . . A
21 0.7398(5)  0.5266(4) 0.50773(17) 0.0170(7) dimethylformamide layered with benzene, the non-solvated
22 0.6129(5)  0.8653(4) 0.59878(17) 0.0170(7) 2:1 co-crystal 2DTBA.3-BrBA was isolated, the crystal and
23 0.5550(5)  0.9938(4) 0.63122(19) 0.0186(7) molecular structures of which are reported herein.
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As illustrated in the figure (50% probability displace-
ment ellipsoids), the X-ray crystallographic analysis showed
the asymmetric unit in the title 2:1 co-crystal to comprise
two independent molecules of DTBA and one of 3-BrBA, con-
sistent with oxidation of 2-MBA during co-crystal formation
[5, 6, 10]. The 3-BrBA molecule exhibits a twist between
the aromatic ring and the carboxylic acid residue with the
dihedral angle between the planes being 8.38(3)°. The DTBA
molecules are twisted as seen in the values of the C14—S1—
S2—C15 and C28—S3—S4—C29 torsion angles of 90.73(19)
and 86.79(19)°, respectively. This is also reflected in the dihe-
dral angles between the (C9—C14) and (C15—C20) rings of
79.3(13)°, and between the (C23—C28) and (C29—C34) rings of
80.85(13)°. Variable twists between the 03-, 05-, O7- and 09-
carboxylic acid groups and the phenyl rings to which they are
attached are evident as seen in the sequence of Cs/CO; dihe-
dral angles of 3.89(12), 15.6(4), 14.5(5) and 5.1(3)°, respectively.
A least-squares fit calculation [13] comparing the indepen-
dent DTBA molecules show the r.m.s. deviation of distances
and angles to be 0.0051 A and 0.483°, respectively, consis-
tent with a high degree of concordance between the DTBA
molecules.

In the molecular packing, and as shown in the
figure, the DTBA molecules associate via hydroxy-O—
H- - - O(carbonyl) hydrogen bonding and an eight-membered
{--+HOCO}, synthon [06—H60- - - 07: H60- - - 07 =1.81(4) A,
06--- 07 =2.648(4) A with angle at H6o =176(7)° and 08—
H80---05: HB80---05=1.80(4) A, 08---05=2.640(4) A
with angle at H80=179(7)°]. The remaining
boxylic acid residues of the DTBA molecules asso-
ciate with symmetry-related DTBA molecules via
hydroxy-O—H- - - O(carbonyl)  hydrogen bonds [04—
Héo---09': Héo---09'=1.82(4) A, 04---09'=2.660(4) A
with angle at H40=175(5)° and 010—H100---03!:
H100- - - 031 =1.84(4) A, 010--- 03" =2.670(4) A with angle
at H100=171(5)° for symmetry operations (i) x, 1+y,

1+z and (ii) x, 1+y, 1+z]. The result of the aforemen-
tioned mode of association is a linear supramolecular
chain along [0 1 1]. The 3-BrBA molecules self-associate
about a centre of inversion via hydroxy-O—H- - - O(carbonyl)
hydrogen bonds to form a dimeric aggregate [02—
H2o---01: H2o...01"=179(8) A, 02.--01"=2.598(5) A
with angle at 177(10)° for (iii)1 x,1 y, z]. Neighbouring
supramolecular chains are connected by dimeric aggre-
gates formed by the 3-BrBA molecules via side-on C—Br- - - 1t
interactions  [C4—Brl. - - Cg(C23—C28)":  Brl.--Cg(C23—
C28)¥ =3.9117(19) A, C4---Cg(C23—C28)Y =4.427(5) A with
angle at Br1 =92.64(15)° for (iv)2 x,2 y,1 z].Inasimilar
fashion, centrosymmetrically-related supramolecular chains
are connected directly via side-on C=0---m interactions
[C21—05- - - Cg(C15—C20)": 05- - - Cg(C15—C20)" =3.300(3) A,

car-

Tan and Tiekink: 2(C14H10045,)-C;H5;BrO, =— 1307

C21- - - Cg(C15—C20)" =3.662(4) A with angle at 05=97.2(2)°
for(v)1 x,1 y,1 z]. In addition, m—n stacking inter-
actions link 3-BrBA and DTBA rings to consolidate the
three-dimensional  architecture  [Cg(C9—C14)- - - Cg(C2—
C7)=3.706(3) A and angle of inclination=6.0(2)° and
Cg(C29—C34)- - - Cg(C2—C7)"'=3.7293) A and angle of
inclination=70(2)° for vi)1 x,2 y,1 zl.

Further insight into the supramolecular association in
the title co-crystal and the isostructural 3-CIBA species [12]
was gained through an analysis of the calculated Hirshfeld
surfaces as well as the full and delineated two-dimensional
fingerprint plots using literature procedures [14] and Crys-
tal Explorer 17 [15]. The calculations were performed on the
asymmetric unit illustrated in the figure, and for the entire
asymmetric unit for the isostructural literature analogue [12].
This analysis reveals that a considerable number of differ-
ent contacts impact upon the Hirshfeld surface with the
most prominent contacts being H-. - - H [30.8%], O- - - H/H--- O
[22.9%], C---H/H- - - C[12.8%] and S- - - H/H- - - S[10.0%)]. Less
prominent but significant contacts are of the type C:--C
[6.7%)], O---C/C---0 [6.4%)] and Br---H/H- - - Br [5.0%)]. The
results of the analogous analysis of the molecular packing
of the isostructural 3-CIBA species [12] mirror those of the
title compound very closely. Thus, the greatest disparities are
noted in the H---H [30.3%] and O---H/H---0 [23.6%] per-
centage contibutions but, the differences are <1%; the dif-
ferences in the other percentage contacts were 0.1% or less.
These results emphasise the isostructural relationship in the
two co-crystals.
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