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In the title molecule, C15H10N2O5S, there are weak CÐH� � �O
and CÐH� � �N interactions which generate rings of motifs

S(5), S(6), S(8), R1
2(5), R1

2(6), R2
1(4), R2

2(6), R2
2(7), R2

2(8) and

R2
2(13). The supramolecular aggregation is completed by the

presence of �±� interactions.

Comment

Aromatic sulfonates are used in monitoring the merging of

lipids (Yachi et al., 1989), studying membrane fusion during an

acrosome reaction (Spungin et al., 1992), in the development

of immunoaf®nity chromatography for the puri®cation of

human coagulation factor (Tharakan et al., 1992), in chemical

studies of viruses (Alford et al., 1991), in the development of

technology for linking photosensitizers to model monoclonal

antibodies (Jiang et al., 1990) and in the chemical modi®cation

of � sub-units of E. coli RNA polymerase (Narayanan &

Krakow, 1983). The molecular and crystal structure of

3-nitrobenzenesulfonyl chloride has recently been reported

(Vembu, Nallu, Spencer & Howard, 2003c). An X-ray study of

the title compound, (I), has now been undertaken in view of

the biological importance of its analogues, and also to

compare its structural parameters with those of its precursor,

3-nitrobenzenesulfonyl chloride.

The title compound, (I), crystallizes with two independent

molecules per asymmetric unit (Fig. 1). Selected geometric

parameters are given in Table 1. The dihedral angles between

the mean planes of the 3-nitrobenzene moiety and the

quinoline rings are 8.28 (5) and 5.18 (5)� in molecules 1 and 2,
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Figure 1
The structure of the two independent molecules of (I), showing 50%
probability displacement ellipsoids.
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respectively. This near-coplanar orientation is similar to that

found in related aromatic sulfonates (Vembu et al., 2003;

Vembu, Nallu, Garrison & Youngs, 2003a), and is in contrast

with the non-coplanar orientation reported for similar

compounds (Vembu, Nallu, Garrison & Youngs, 2003b,c,e,f;

Vembu, Nallu, Spencer & Howard, 2003a,b). The crystal

structure of (I) is stabilized by weak CÐH� � �O and CÐH� � �N
interactions (Table 2). The range of H� � �O distances found in

(I) agrees with that found for weak CÐH� � �O bonds

(Desiraju & Steiner, 1999).

As shown in Fig. 2, each C2ÐH2� � �O2, C2ÐH2� � �O3, C4Ð

H4� � �O4, C6ÐH6� � �O1, C17ÐH17� � �O7, C17ÐH17� � �O10,

C19ÐH19� � �O9 and C21ÐH21� � �O6 interaction generates

rings of graph-set motif S(5) (Etter, 1990; Bernstein et al.,

1995). The C2ÐH2� � �N2, C2ÐH2� � �O2 and C2ÐH2� � �O3

interactions constitute one set of heteroatomic trifurcated

donor bonds, and the C17ÐH17� � �N4, C17ÐH17� � �O7 and

C17ÐH17� � �O10 interactions constitute a second set of

heteroatomic trifurcated donor bonds. The C25ÐH25� � �O3

and C27ÐH27� � �O3 interactions constitute a pair of bifur-

cated acceptor bonds generating an S(6) motif. Each C2Ð

H2� � �N2 and C17ÐH17� � �N4 interaction generates rings of

graph-set motif S(8).

As can be seen in Fig. 3, the C4ÐH4� � �O8i and C5Ð

H5� � �O9i interactions generate a sulfonyl fork motif of graph

set R2
2(7). The C9ÐH9� � �O6iii and C8ÐH8� � �N3iii interactions

generate an R2
2(6) motif. The C9ÐH9� � �O6iii and C8Ð

H8� � �O6iii interactions constitute a pair of bifurcated acceptor

bonds generating an R1
2(5) motif. The C9ÐH9� � �O6iii and

C8ÐH8� � �O7iii interactions generate a nitro fork motif of

graph set R2
2(7). The C8ÐH8� � �O6iii and C8ÐH8� � �O7iii

interactions constitute a pair of bifurcated donor bonds

generating a three-centred hydrogen-bonded chelate motif of

graph set R2
1(4) (Vembu et al., 2003; Vembu, Nallu, Garrison &

Youngs, 2003b,c,d,e,f,g; Vembu, Nallu, Spencer & Howard,

2003a,b,d,e). The C8ÐH8� � �N3iii, C8ÐH8� � �O6iii and C8Ð

H8� � �O7iii interactions together constitute a set of heteroa-

tomic trifurcated donor bonds. The C9ÐH9� � �O10iv and

C10ÐH10� � �N4iv interactions together generate an R2
2(8) ring

motif. The C10ÐH10� � �O8v and C12ÐH12� � �O8v interac-

tions constitute a pair of bifurcated acceptor bonds generating

an R1
2(6) motif. The C12ÐH12� � �O4vi and C13ÐH13� � �O3vi

interactions generate a sulfonyl fork motif of graph set R2
2(7).

The C24ÐH24� � �O1vii and C23ÐH23� � �O2vii interactions

generate a nitro fork motif of graph set R2
2(7). The C14Ð

H14� � �O9vii and C13ÐH13� � �O9vii interactions constitute a

pair of bifurcated acceptor bonds forming an R1
2(5) motif. The

C28ÐH28� � �O8xi and C25ÐH25� � �O7xi interactions together

generate an R2
2(13) ring motif. There are several other CÐ

H� � �O interactions which contribute to the supramolecular

aggregation of the structure (Table 2).

In the crystal structure of (I) (Fig. 4), there are ®ve pairs of

�±� interactions, with separations of 3.604 (1), 3.450 (1),

3.786 (1), 3.596 (1) and 3.781 (1) AÊ between Cg1 and

Cg5(1ÿx, yÿ1
2,

3
2ÿz), Cg2 and Cg2(1ÿx, 1ÿy, 1ÿz), Cg2 and

Cg3, Cg3 and Cg6, and Cg4 and Cg5(2ÿx, yÿ1
2,

3
2ÿz), respec-

Figure 3
Hydrogen bonds 14±16, 18, 23, 24, 31, 32, 33, 34 and 35 as dashed lines
(the numbers relate to the sequence of entries in Table 2). Symmetry
codes are as in Table 2.

Figure 2
Hydrogen bonds 1±12 as dashed lines (the numbers relate to the sequence
of entries in Table 2).

Figure 4
Packing of the molecules in the unit cell of (I), viewed along the c axis,
showing the �±� interactions as dashed lines.



tively, where Cg1, Cg2, Cg3, Cg4, Cg5 and Cg6 are the

centroids of the rings formed by the atoms N2/C11±C15, N4/

C26±C30, C1±C6, C7±C11/C15, C16±C21 and C22±C26/C30,

respectively (Spek, 1998).

Experimental

3±Nitrobenzenesulfonyl chloride (5 mmol) was dissolved in acetone

(5 ml) and added to 8-hydroxyquinoline (5 mmol), which had been

dissolved in NaOH (4 ml, 5%). The precipitate, (I) (5 mmol, yield

60%), was recrystallized from ethyl acetate.

Crystal data

C15H10N2O5S
Mr = 330.31
Monoclinic, P21=c
a = 8.6001 (6) AÊ

b = 23.0681 (16) AÊ

c = 13.9192 (9) AÊ

� = 100.132 (2)�

V = 2718.3 (3) AÊ 3

Z = 8

Dx = 1.614 Mg mÿ3

Mo K� radiation
Cell parameters from 2947

re¯ections
� = 3.0±26.6�

� = 0.27 mmÿ1

T = 120 (2) K
Block, colourless
0.20 � 0.19 � 0.11 mm

Data collection

Bruker Proteum M diffractometer
! scans
18 512 measured re¯ections
6011 independent re¯ections
4101 re¯ections with I > 2�(I)

Rint = 0.050
�max = 27.2�

h = ÿ10! 11
k = ÿ29! 28
l = ÿ17! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.078
S = 0.90
6011 re¯ections
475 parameters

Only coordinates of H atoms
re®ned

w = 1/[�2(Fo
2) + (0.0308P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 0.29 e AÊ ÿ3

��min = ÿ0.36 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

C1ÐN1 1.483 (2)
C3ÐS1 1.7561 (18)
C7ÐO5 1.417 (2)
C14ÐN2 1.319 (2)
C15ÐN2 1.368 (2)
S1ÐO4 1.4242 (13)
S1ÐO3 1.4270 (13)
S1ÐO5 1.5909 (13)
N1ÐO2 1.221 (2)
N1ÐO1 1.223 (2)

C16ÐN3 1.475 (2)
C18ÐS2 1.7606 (19)
C22ÐO10 1.413 (2)
C29ÐN4 1.322 (2)
C30ÐN4 1.368 (2)
S2ÐO9 1.4208 (14)
S2ÐO8 1.4278 (14)
S2ÐO10 1.5938 (13)
N3ÐO6 1.223 (2)
N3ÐO7 1.228 (2)

O4ÐS1ÐO3 119.43 (8)
O4ÐS1ÐO5 108.26 (8)
O3ÐS1ÐO5 108.56 (7)
O4ÐS1ÐC3 108.84 (9)
O3ÐS1ÐC3 109.91 (8)
O5ÐS1ÐC3 100.10 (8)
O2ÐN1ÐO1 124.52 (17)
O2ÐN1ÐC1 117.70 (17)
O1ÐN1ÐC1 117.78 (18)
C14ÐN2ÐC15 116.65 (17)
C7ÐO5ÐS1 117.13 (11)

O9ÐS2ÐO8 119.27 (9)
O9ÐS2ÐO10 108.09 (8)
O8ÐS2ÐO10 108.40 (8)
O9ÐS2ÐC18 108.59 (9)
O8ÐS2ÐC18 110.24 (9)
O10ÐS2ÐC18 100.62 (8)
O6ÐN3ÐO7 124.29 (17)
O6ÐN3ÐC16 118.16 (17)
O7ÐN3ÐC16 117.55 (16)
C29ÐN4ÐC30 116.77 (17)
C22ÐO10ÐS2 118.15 (11)

C3ÐS1ÐO5ÐC7 138.04 (13) C18ÐS2ÐO10ÐC22 ÿ135.79 (13)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C2ÐH2� � �N2 0.949 (19) 2.51 (2) 3.281 (3) 138.2 (15)
C2ÐH2� � �O2 0.949 (19) 2.379 (18) 2.691 (2) 98.7 (13)
C2ÐH2� � �O3 0.949 (19) 2.808 (18) 3.023 (2) 93.8 (12)
C4ÐH4� � �O4 0.960 (19) 2.568 (19) 2.926 (2) 102.3 (13)
C6ÐH6� � �O1 0.98 (2) 2.427 (19) 2.734 (2) 97.6 (13)
C17ÐH17� � �N4 0.953 (19) 2.49 (2) 3.336 (3) 147.6 (15)
C17ÐH17� � �O7 0.953 (19) 2.438 (18) 2.704 (2) 95.7 (13)
C17ÐH17� � �O10 0.953 (19) 2.833 (18) 3.056 (2) 94.3 (12)
C19ÐH19� � �O9 0.926 (19) 2.526 (19) 2.911 (2) 105.3 (14)
C21ÐH21� � �O6 0.93 (2) 2.45 (2) 2.726 (2) 96.6 (14)
C25ÐH25� � �O3 0.95 (2) 2.968 (19) 3.382 (2) 107.9 (14)
C27ÐH27� � �O3 0.95 (2) 2.810 (19) 3.249 (2) 109.2 (14)
C4ÐH4� � �O8i 0.960 (19) 2.977 (19) 3.665 (2) 129.7 (14)
C5ÐH5� � �O9i 0.96 (2) 2.96 (2) 3.749 (3) 140.2 (15)
C6ÐH6� � �N2ii 0.98 (2) 2.68 (2) 3.377 (3) 128.6 (15)
C9ÐH9� � �O6iii 0.960 (19) 2.661 (19) 3.344 (2) 128.4 (15)
C8ÐH8� � �N3iii 0.952 (19) 2.970 (19) 3.807 (2) 147.4 (14)
C8ÐH8� � �O6iii 0.952 (19) 2.761 (19) 3.380 (2) 123.4 (14)
C8ÐH8� � �O7iii 0.952 (19) 2.506 (19) 3.444 (2) 168.3 (16)
C29ÐH29� � �O4iii 0.96 (2) 2.495 (19) 3.305 (2) 141.8 (16)
C9ÐH9� � �O10iv 0.960 (19) 2.82 (2) 3.566 (2) 134.9 (15)
C10ÐH10� � �N4iv 0.963 (19) 2.67 (2) 3.346 (2) 127.7 (15)
C10ÐH10� � �O8v 0.963 (19) 2.99 (2) 3.391 (2) 106.5 (13)
C12ÐH12� � �O8v 0.94 (2) 2.94 (2) 3.313 (2) 105.3 (14)
C12ÐH12� � �O4vi 0.94 (2) 2.71 (2) 3.547 (2) 147.9 (16)
C13ÐH13� � �O3vi 0.98 (2) 2.79 (2) 3.509 (2) 130.6 (15)
C24ÐH24� � �O1vii 0.96 (2) 2.78 (2) 3.517 (3) 133.8 (15)
C14ÐH14� � �O9vii 0.99 (2) 2.491 (19) 3.217 (2) 129.9 (15)
C13ÐH13� � �O9vii 0.98 (2) 2.77 (2) 3.336 (2) 117.5 (14)
C23ÐH23� � �O2vii 0.993 (19) 2.479 (19) 3.412 (2) 156.3 (15)
C19ÐH19� � �O3viii 0.926 (19) 2.76 (2) 3.435 (2) 130.6 (15)
C21ÐH21� � �O1ix 0.93 (2) 2.87 (2) 3.694 (3) 147.2 (16)
C24ÐH24� � �O5x 0.96 (2) 2.81 (2) 3.651 (2) 146.8 (16)
C28ÐH28� � �O8xi 0.91 (2) 2.78 (2) 3.387 (2) 125.9 (16)
C25ÐH25� � �O7xi 0.95 (2) 2.68 (2) 3.543 (3) 151.7 (16)

Symmetry codes: (i) 1� x; y; z; (ii) 2ÿ x; 1ÿ y; 2ÿ z; (iii) 2ÿ x; 1ÿ y; 1ÿ z; (iv)
2ÿ x; yÿ 1

2;
3
2ÿ z; (v) 1ÿ x; yÿ 1

2;
3
2ÿ z; (vi) x; 1

2ÿ y; 1
2� z; (vii) 1ÿ x; 1ÿ y; 2ÿ z; (viii)

1ÿ x; 1
2� y; 3

2ÿ z; (ix) x; 3
2ÿ y; zÿ 1

2; (x) xÿ 1; y; z; (xi) 1ÿ x; 1ÿ y; 1ÿ z.

All H atoms were located from difference Fourier maps and their

positional parameters were re®ned. Their isotropic displacement

parameters were set at values 20% greater than those of their bonded

partners. The CÐH bond lengths are in the range 0.90 (2)±0.99 (2) AÊ .

Re¯ections were measured to �max = 27.16� with 97% completeness,

but the data are 100% complete to 25�.
Data collection: SMART-NT (Bruker, 1998); cell re®nement:

SMART-NT; data reduction: SAINT-NT (Bruker, 1998); program(s)

used to solve structure: SHELXTL (Sheldrick, 1998); program(s)

used to re®ne structure: SHELXTL; molecular graphics: SHELXTL;

software used to prepare material for publication: SHELXTL.
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