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Abstract 
The crystal structure of 3-nitrobiphenyl, C12H9NO2, has 
been determined as a part of a systematic study of crys- 
tallization and crystal growth of biphenyl derivatives. 
It crystallizes with two similar molecules in the asym- 
metric unit. Unlike biphenyl itself, the torsion angles 
between the phenyl rings in each molecule are - 2 6  (1) 
and 23 (1) °. The nitro groups are parallel to the phenyl 
groups [r = - 6  (1) and - 4  (1)°]. 

Comment 
The title biphenyl, (I), and its derivatives have been 
studied extensively in the past because of the differences 
found in the inter-ring torsion angle, ~, in the solid state 
(Hargreaves & Rizvi, 1962; Charbonneau & Delugeard, 
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1976, 1977; Brock, Blackburn & Haller, 1984; Brock & 
Hailer, 1984b; Brock & Minton, 1989; Samdal, 1985) 
and the gas phase (Almenningen & Bastiansen, 1958; 
Bastiansen & Traetteberg, 1962). These systems have 
also been investigated because of the differences found 
in the dihedral angle between the phenyl rings (Cailleau 
& Baudour, 1979; Brock, 1980, and references therein; 
Sutherland & Rawas, 1983). 

NO2 

(1) 

In continuation of our research on the systematic anal- 
ysis of growth conditions and morphology modifiers for 
the preparation of substituted biphenyls from organic 
solvents (Rajnikant, Watkin & Tranter, 1995a,b), the 
crystal structure of the title compound, (I), was deter- 
mined. 

A perspective view of the molecule with atomic 
labelling is depicted in Fig. 1 and the unit-cell packing 
is shown in Fig. 2. 
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Fig. 1. View of the two independent molecules along the a axis. The 
molecules are separated in the view direction by approximately a/2. 
The ellipsoids are drawn at the 50% probability level. 

@ 1 3 ) ~ ~ 1 3 ) ~  

Fig. 2. The layer of molecules lying close to the plane perpendicular 
1 The molecules of types 1 and 2 are to the a axis at x _~ ~. 

shown by open and filled circles, respectively. The pseudo-centres 
of symmetry at 9 ,  83_, 0 and 7 ,  7, I are shown. O-..H contacts 
less than 3.0 A are shown dotted. 
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The  bond  dis tances  and angles  in 3 -n i t rob iphenyl  
are in good  ag reemen t  wi th  those o f  4 -n i t rob ipheny l  
(II) (Casa lone ,  Gavezzo t t i  & Simonet ta ,  1973), 4 ,4 ' -d i -  
n i t rob iphenyl ,  (I l l )  (Boonstra ,  1963; Brock  & Hailer ,  
1984a),  2 -n i t rob iphenyl ,  (IV),  and 2 ,2 ' -d in i t rob iphenyl ,  
(V) (Sekine,  Ohash i ,  Yoshimura ,  Yagi & Higuch i ,  1994), 
whereas  the tors ion angles  a round the central  C-- -C 
bond  of  the b ipheny l  group [ - 2 6  (1) and 23 (1) °] are 
s igni f icant ly  d i f ferent  f rom those  o f  the ortho- and para- 
subst i tu ted b i p h e n y l  molecu les  [33, 2 and - 6 2 . 9  ° in (II), 
(111) and (IV),  respect ive ly] .  

The  tors ion angles  a round the C - - N  bond  [ - 6 ( 1 )  
and - 4 ( 1 )  ° ] are s igni f icant ly  dif ferent  f rom those o f  
the a fo remen t ioned  ortho- and para-substituted b ipheny l  
complexes  [37.2, 6.6, - 4 4 . 2  and - 3 8 . 3  ° in (II), ( i l l ) ,  
(IV) and (V), respect ive ly] .  The  N-- -O bonds  [1.22 (1), 
1.21 (1), 1.203 (9), 1.217 (9) ,~,] are comparab le  wi th  
the va lues  quoted  for  some s imi lar  n i t ro-subst i tu ted 
c o m p o u n d s  (Suther land,  H o g g  & Wil l i ams ,  1974, and 
references  therein;  Su ther land  & Al i -Adib ,  1986; Sekine  
et al., 1994). 

The  crys ta l  s tructure cons is ts  o f  layers  o f  molecu les  
in van  der  Waals  contact .  Each  layer  conta ins  both  in- 
dependen t  molecules .  The  shortes t  contacts  are be tween  
the ni tro group of  molecu le  2 and the H a toms on C(110)  
and C ( l l l )  o f  molecu le  1 [ O ( 2 1 5 ' ) - . . H ( l l l 0 ) ( - x ,  y + 

1 1 1 1 2) 2 .79(1 ) ,  0 ( 2 1 5 ) . . . H ( l l l l ) ( - x ,  y + 2 2 2, 2 
z) 2.61 (1)/~] .  These  loose d imers  are jo ined  end to end 
by  a short  O - . . H - - - C  contact ,  and the cha ins  are cross-  
l inked  by o ther  O . . . H - - - C  contacts  to form sheets.  Fig. 
2 shows  the contents  o f  one  layer. Al l  O . . - H  in termolec-  
ular  contacts  less than 3 . 2 ( 1 ) / ~  are shown  as dot ted 
lines. In  the molecu la r  pack ing  d iagrams,  molecu le  1 is 
shown  by  open  circles,  molecu le  2 by  filled circles.  

Each  molecu le  o f  type  1 is sur rounded by four  c lose 
ne ighbours  o f  type  2 in the sheet  and because  the layers  
are re la ted to each  o ther  by  a twofo ld  screw axis  at (x = 
1 ~, y = 0), there  is a lso a c lose  ne ighbour  o f  type 2 in 

the ad jacent  sheet.  A cor respond ing  s imi lar  env i ronmen t  
exis ts  for  the type  2 molecules .  A l though  the space 
group P212121 is non -cen t rosymmet r i c ,  there are mol-  
ecules  o f  each  hand  in the cell  re lated to each other  by 
a pseudo-cen t re  o f  s y m m e t r y  at ~6, ~, 0. 

E x p e r i m e n t a l  

The material was supplied by Aldrich and crystalliza- 
tion from various solvents was carded out with the aim 
of obtaining good quality crystals. Methanol yielded a 
very large hexagonal-shaped crystal (approximate dimensions 
3.0 x 1.5 x 1.0 mm) of 3-nitrobiphenyl at room temperature, 
as well as some small crystals. The other solvents resulted in 
poor morphology crystallization. 

Crystal data 

C12H9NO2 Mo K a  radiation 
Mr = 199.2 A = 0.71073 ,~, 

Orthorhombic 
P212121 
a = 7.414 (2)/~, 
b = 11.981 (2)/~ 
c = 22.826 (6) ,~, 
V = 2027.57 ,~3 
Z = 8  
Dx = 1.305 Mg m -3 

Cell parameters from 250 
reflections 

0 = 0 -24  ° 
# = 0.084 m m - i  
T = 290 K 
Thick hexagonal plate 
0.80 x 0.30 × 0.25 mm 
White 

Data collection 
Enraf-Nonius FAST diffrac- 

tometer 
w/20 scans, area detector 
Absorption correction: 

none 
8063 measured reflections 
1781 independent reflections 

805 observed reflections 
[1 > 3o-(/)1 

Rint = 0.0127 
0ma~ = 25 ° 
h = 0---~ 8 
k = 0 ---~ 13 
1 = 0 ---~ 24 

Refinement 

Refinement on F 
R = 0.0450 
wR = 0.0571 
S = 0.83 
805 reflections 
272 parameters 
All H-atom parameters 

refined 
w = (weight){1 - [6(F)/ 

6tr(F)]2} 2 
weighting coefficients: 
21.1, -3 .6 ,  12.9 

(A/o')m~, = 0.260 
Apmax = 0.167 e ]~-3 
Apmm = -0 .383  e .~-3 
Extinction correction: 

secondary (Larson, 1969) 
Extinction coefficient: 87.06 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2) 

U~q = (1/3)E,EjUoa ~ a 7 a;.aj. 

x y z Ueq 
C(101) 0.060 (l) -0.1518 (6) -0.0779 (3) 0.058 (2) 
C(102) 0.080 (1) -0.0706 (6) -0.1201 (3) 0.064 (2) 
C(103) 0.064 (1) -0.0993 (7) -0.1784 (3) 0.078 (2) 
C(104) 0.029 (1) -0.2052 (7) -0.1975 (4) 0.082 (2) 
C(105) 0.008 (1) -0.2860 (7) -0.1549 (4) 0.081 (2) 
C(106) 0.025 (1) -0.2598 (6) -0.0961 (4) 0.070 (2) 
C(107) 0.077 (1) -0.1243 (6) -0.0140 (3) 0.054 (2) 
C(108) 0.177 (1) -0.0342 (6) 0.0050 (3) 0.061 (2) 
C(109) 0.192 (!) -0.0087 (7) 0.0641 (4) 0.070 (2) 
C(ll0) 0.104 (1) -0.0739 (8) 0.1052 (4) 0.074 (2) 
C(lll) 0.000 (!) --0.1627 (7) 0.0870 (3) 0.073 (2) 
C(112) -0.014 (1) -0.1885 (6) 0.0284 (3) 0.065 (2) 
N(l13) 0.082 (1) -0.0094 (7) -0.2219 (4) 0.104 (2) 
O(114) 0.085 (!) -0.0342 (6) -0.2736 (3) 0.134 (2) 
O(115) 0.094 (1) 0.0866 (6) -0.2058 (3) 0.113 (2) 
C(201) 0.081 (1) 0.4066 (6) 0.0742 (3) 0.056 (2) 
C(202) 0.055 (1) 0.3249 (6) 0.1181 (3) 0.064 (2) 
C(203) 0.048 (1) 0.3547 (7) 0.1750 (3) 0.077 (2) 
C(204) 0.067 (1) 0.4638 (8) 0.1936 (4) 0.085 (2) 
C(205) 0.090 (1) 0.5430 (7) 0.1527 (4) 0.085 (2) 
C(206) 0.097 (1) 0.5154 (6) 0.0937 (4) 0.071 (2) 
C(207) 0.087 (1) 0.3755 (6) 0.0111 (3) 0.054 (2) 
C(208) 0.005 (1) 0.2799 (6) -0.0086 (3) 0.061 (2) 
C(209) 0.013 (1) 0.2503 (6) -0.0683 (3) 0.069 (2) 
C(210) 0.103 (1) 0.3163 (7) -0.1066 (3) 0.074 (2) 
C(211) 0.187 (1) 0.4123 (7) -0.0882 (3) 0.074 (2) 
C(212) 0.178 (1) 0.4413 (6) -0.0296 (3) 0.064 (2) 
N(213) 0.022 (1) 0.2667 (7) 0.2187 (3) 0.104 (2) 
O(214) -0.003 (1) 0.1725 (6) 0.2024 (3) 0.121 (2) 
O(215) 0.019 (1) 0.2922 (6) 0.2703 (3) 0.130 (2) 
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In spite of the relatively large sample, the diffraction data 
were not extensive, yielding only 805 reflections with I > 
3tr(1) out of 8063 measured. The large thermal motion 
of the molecules required the refinement of anisotropic 
displacement parameters. The least-squares refinement was 
completed without restrictions on the positional parameters, 
but with the displacement parameters restrained between 
adjacent atoms (RolleR, 1970). The good agreement between 
equivalent bonds within each molecule and between molecules 
indicated that there was no need to add geometric restraints. 

The structure was solved by SHELXS86 (Sheldrick, 1985) 
and refined by CRYSTALS (Watkin, Carruthers & Betteridge, 
1985). Molecular graphics: CAMERON (Pearce, Watkin & 
Prout, 1992). 

Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of 
Crystal Structures. Univ. of G6ttingen, Germany. 
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(1S ,2S) - (+) - l , 2 -Bi s [ (d icyc lohexy l )phosphino-  
methyl ]cyc lopentane .2CS2 and ( + ) - l , 2 - B i s -  
(d i cyc lohexy lphosph inomethy l ) cyc iopentane  

KAZUHIDE TAr, a, Jtm-lCamo ONOUCm, 
TSUNEAKI YAMAGATA AND YASUTAKA KATAOKA 

Department  o f  Chemistry, Faculty o f  Engineering 
Science, Osaka University, Toyonaka, Osaka 560, 
Japan 

(Received 13 January 1995; accepted 17 March 1995) 

Abstract 

The molecular  structures of  C33H56P254, (1), and 
C31 H56P2, (2), are reported. The structure analysis of  (1) 
is the first of  a CS2 adduct of  an optically active diphos- 
phine. The optically active compound (1) is not a simple 
CS2 adduct but contains two zwitterionic structures, i.e. 
1,2-cyclopenty lenedimethylenebis [ (d icyc lohexyl )phos-  
phoniocarbodithioate],  C5H8 [CH2P+(C6HII )2(C52)- ]2. 

Comment  

Optically active peralkyl diphosphines are electron-rich 
phosphorus compounds and are expected to be effec- 
tive ligands in asymmetric catalyses, such as asymmet- 
ric hydrogenat ion of  various ketones (Tani, Suwa, Ya- 
magata & Otsuka, 1982). The title compounds,  (1) and 
(2), were prepared according to the scheme shown be- 
low (see Experimental  also). 

OTs 
LiPCy 2 
dioxane 

"~--OTs 2h reflux 

~ -  ~PCy2 CS2 ~ ''-PCy2"CS2 

x PCy 2 reflux in EtOH .,~mPCy2.CS 2 
- cs 2 

(2) (1) 
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