
Acta Cryst. (2003). E59, o865±o867 DOI: 10.1107/S1600536803009292 Ruihu Wang et al. � C30H18N4O6 o865

organic papers

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

(S)-2,2000-Bis(4-nitro-2-pyridyloxy)-
1,1000-binaphthalene

Ruihu Wang,a Lijin Xu,b Gang

Chen,b Zhongyuan Zhou,b

Maochun Hong,a* Rong Caoa

and Albert S. C. Chanb

aState Key Laboratory of Structural Chemistry,

Fujian Institute of Research on the Structure of

Matter, Fuzhou, Fujian 350002, People's

Republic of China, and bOpen Laboratory of

Chirotechnology, Department of Applied

Biology and Chemical Technology, The Hong

Kong Polytechnic University, Hong Hum, Hong

Kong, People's Republic of China

Correspondence e-mail: hmc@ms.fjirsm.ac.cn

Key indicators

Single-crystal X-ray study

T = 293 K

Mean �(C±C) = 0.005 AÊ

R factor = 0.037

wR factor = 0.092

Data-to-parameter ratio = 7.8

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2003 International Union of Crystallography

Printed in Great Britain ± all rights reserved

The title compound, C30H18N4O6, is formed when two 4-nitro-

2-pyridyl units link, in a trans fashion, to the two O atoms of

optically active (S)-BINOL (1,10-bi-2-naphthol). The molecule

exhibits some dramatic deviations from planarity due to the

steric hindrance caused by the presence of the two nitro-

pyridyloxyl moieties. CÐH� � �O hydrogen bonding between

adjacent molecules links them into a chain-like structure.

Comment

The designed synthesis of functional supramolecular

complexes has received much attention, because of the

interesting structural topologies of these complexes and their

potential application in materials science (Kitagawa & Kondo,

1998; Swiegers & Maleftse, 2002). The structures and func-

tional properties of complexes can be adjusted by changing

and controlling the type, angle and size of the spacers between

coordination sites in the bridging ligands (Breuning et al.,

2001; Fujita, 1998; Leininger et al., 2000). Rigid or ¯exible

spacers, such as alkyl and aryl groups as well as organometallic

complexes, have been employed in association with metal

coordination sites (Hong et al., 2000; Horikoshi et al., 2002;

Sun et al., 2000; Wang et al., 2002). From the viewpoint of

constructing functional supramolecules, it may be more valu-

able to introduce functional spacer groups directly into

organic ligands..

Optically active 1,10-bi-2-naphthol (BINOL) derivatives

have been used successfully in asymmetric catalysis, molecular

recognition and optical materials (Lee & Lin, 2002; Noyori,

2002; Pu, 1998). Their success is due to the fact that the axial

chirality of the ligands can be well expressed in the steric

environment of the active sites, and the chiral con®guration of

BINOL molecules is known to be stable at high temperature

over extended periods of time. Thus, BINOL may be used as a

preferred starting material or auxiliary for the synthesis of

homochiral functional supramolecular complexes. Here we

report the synthesis and crystal structure of a homochiral

organic ligand, namely (S)-2,20-bis(4-nitro-2-pyridyloxy)-1,10-
binaphthalene [(S)-L], (I).

As shown in Fig. 1, the ligand (S)-L is composed of two 4-

nitro-2-pyridyl units linked, in a trans fashion, to the two O
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atoms (2,20-) of the optically active (S)-BINOL. The bond

distances of C11ÐO1 and C41ÐO2 are 1.362 (3) and

1.363 (3) AÊ , respectively. The separation between atoms O1

and O2 is 3.028 AÊ , similar to that reported in 2,20±O-substi-

tuted complexes (Goldberg, 1980). Considerable twisting

between the two naphthyl groups produces a dihedral angle of

105.2�, which compares well with the angle of 101.7� found in

(S)-BINOL itself (Mori et al., 1993; Toda et al., 1997). The

naphthyl groups are also highly twisted with respect to their

covalently linked pyridyl groups, with dihedral angles of 96.7

and 110.3�. These twists may be ascribed to steric repulsion,

resulting in the two nitropyridyl units lying on opposite sides

of the binaphthyl backbone. Both nitro groups are approxi-

mately coplanar with their linked pyridyl rings, with dihedral

angles of 1.0 and 4.7�, respectively. The absolute con®guration

of (I) could not be reliably determined from the experimental

X-ray data. The (S) assignment was based on the negative

value of the optical rotation of BINOL, and from the known

con®gurations of the starting materials.

As shown in Fig. 2, (S)-L molecules are linked into a chain

structure through CÐH� � �O hydrogen-bonding interactions

[O2� � �H = 2.547 AÊ , O2� � �HÐC15i = 144�; symmetry code: (i)

x, y + 1, z; Desiraju & Steiner, 1999]. There are no other short

contacts or noteworthy aryl±aryl interactions between adja-

cent molecules or between adjacent chains. It may be inter-

esting to compare the crystal structure of (I) with that of

(S)-BINOL, which crystallizes in the trigonal space group P32.

(S)-BINOL forms an in®nite right-handed helical chain

arranged along a 32 screw axis through intermolecular OÐ

H� � �O hydrogen bonds, with an O� � �O distance of 2.96 AÊ

(Mori et al., 1993; Toda et al., 1997).

Experimental

A mixture of (S)-BINOL (1.14 g, 4 mmol) and NaOH (0.32 g,

8 mmol) in MeOH (10 ml) was stirred for 6 h at room temperature.

The solvent was removed under reduced pressure; the residue and

2-chloro-5-nitropyridine (1.40 g, 8.8 mmol) were dissolved in tetra-

hydrofuran (15 ml) and re¯uxed overnight. The resulting solution

was diluted with EtOAc (20 ml) and then washed three times with

water and once with brine; the organic layer was dried over an-

hydrous sodium sulfate. After removal of the solvent, the residue was

recrystallized from acetone/MeOH to afford colorless solid (S)-L.

Slow evaporation of a methanol solution of (S)-L in air gave colorless

crystals suitable for X-ray analysis.

Crystal data

C30H18N4O6

Mr = 530.48
Triclinic, P1
a = 7.4573 (14) AÊ

b = 7.9472 (15) AÊ

c = 11.748 (2) AÊ

� = 96.859 (3)�

� = 104.061 (4)�


 = 108.599 (3)�

V = 625.3 (2) AÊ 3

Z = 1
Dx = 1.409 Mg mÿ3

Mo K� radiation
Cell parameters from 1879 re¯ec-

tions
� = 3.0±27.5�

� = 0.10 mmÿ1

T = 293 (2) K
Needle, colorless
0.38 � 0.17 � 0.10 mm

Data collection

Siemens SMART CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.980, Tmax = 0.990

4222 measured re¯ections

3405 independent re¯ections
2651 re¯ections with I >2�(I)
Rint = 0.017
�max = 27.5�

h = ÿ9! 9
k = ÿ10! 10
l = ÿ13! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.092
S = 0.97
3405 re¯ections
434 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0549P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.16 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

N11ÐC11 1.321 (3)
N11ÐC15 1.336 (4)
N12ÐO11 1.213 (5)
N12ÐO12 1.221 (5)
N12ÐC14 1.462 (4)
N41ÐC41 1.312 (3)
N41ÐC45 1.335 (4)
N42ÐO41 1.219 (4)

N42ÐO42 1.222 (4)
N42ÐC44 1.458 (4)
O1ÐC11 1.362 (3)
O1ÐC22 1.398 (3)
O2ÐC41 1.363 (3)
O2ÐC32 1.403 (3)
C21ÐC31 1.493 (4)

O11ÐN12ÐO12 123.0 (4)
O41ÐN42ÐO42 123.6 (3)

C11ÐO1ÐC22 118.1 (2)
C41ÐO2ÐC32 120.5 (2)

H atoms were positioned geometrically (CÐH bond ®xed at

0.96 AÊ ) and assigned isotropic displacement parameters, and allowed

to ride on their respective parent C atoms before the ®nal cycle of

least-squares re®nement.

Data collection: SMART (Siemens, 1994); cell re®nement:

SMART; data reduction: SAINT (Siemens, 1994); program(s) used to

Figure 2
The one-dimensional chain formed through CÐH� � �O hydrogen bonds.

Figure 1
View of the molecular structure of (I). Displacement ellipsoids are drawn
at the 30% probability level.



solve structure: SHELXTL/PC (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXTL/PC; molecular graphics: SHELXTL/PC;

software used to prepare material for publication: SHELXTL/PC.

This work was supported by a grant from the Hong Kong

Polytechnic University.
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