
108 C16H9NO2 

The structure was solved using direct methods and refined by 
the full-matrix least-squares technique. All non-H atoms were 
refined with anisotropic displacement parameters. Weights 
calculated from counting statistics were employed as it 
was found that they provided a reliable estimate of the 
experimental error. The resulting averaged values of  w(AF)  2 
as a function of  sin0 and F 2 did not show any significant 
variations. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius,  1994). 
Cell refinement: CAD-4 EXPRESS. Data reduction: DREADD 
(Blessing, 1987). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPIII (Johnson & Burnett, 1996). 
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Abstract 
The title compound (2,4,6-triethyl-l,3,5-benzenetriace- 
tonitrile, CIsH21N3) exhibits an unexpected conforma- 
tion with all the substituents, except one cyanomethyl 
group, pointing to the same side of the plane of the 
benzene ring. 

Comment 
Hexa-substituted derivatives of benzene with the sub- 
stituents connected via methylene groups to the central 
benzene ring have attracted considerable interest. In gen- 
eral, the most stable conformation of such compounds 
is the one with the substituents pointing alternately to 
both sides (above and below) of the plane of the central 
benzene ring. This conformational preference has been 
employed in an approach to 'hexa-host' clathrate com- 
pounds (MacNicol & Downing, 1996). More recently, 
derivatives with ethyl groups in the 1, 3 and 5 positions 
and substituents that carry functional groups attached to 
the remaining positions of the benzene ring have been 
used as predisposed (Stack et al., 1993; Walsdorff et al., 
1996; Metzger et al., 1997) or preorganized (Walsdorff 
et al., 1997) tripodal ligands, in a self-directed macro- 
cyclization (Bisson et al., 1997) and in the spontaneous 
self-assembly of a cage compound (Hartshorn & Steel, 
1997). In the course of our ongoing research on such 
molecules we have determined the crystal structure of 
the title compound, (I). 

CN 

(i) 

In spite of its symmetrical constitution, (I) crystal- 
lizes on a general position in the triclinic space group 
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P i .  The individual molecules of (I) are clearly sepa- 
rated. The metric parameters are normal and the central 
benzene ring does not deviate significantly from pla- 
narity. Surprisingly, the molecule adopts a conformation 
with all the substituents except one cyanomethyl  group 
pointing to the same side of the central benzene ring. 

Deviations from the alternating pattern among the 
substituents of molecules with a hexamethylenebenzene  
backbone have been occasional ly observed in the crystal 
state. Such behaviour  was ascribed to (i) the steric 
influence of bulky ligands attached to a metal that was 
r/6-coordinated to the central benzene ring (Iverson et 
al., 1981), (ii) to some distortion from planari ty of 
the hexamethylenebenzene  f ramework caused by tension 
induced by tripodal coordination of a metal to the 
substituents (Hou et al., 1997) or (iii) to intramolecular  
interactions by hydrogen bonds with solvate water mol- 
ecules present in the crystal structure (Hoskins et al., 
1997). The conformation of (I) cannot be traced to any 
such influence. 

According to molecular  mechanics  calculations (Au- 
todesk, 1993) using the M M  + force field, the conforma- 
tion with the substituents pointing alternately to opposite 
directions of the central benzene plane is the most sta- 
ble one in the gas phase, being some 18 kJ m o l - i  lower 
in energy than the conformation observed in this crystal 
structure. In solution the N M R  data at room temperature 
are consistent with the C3 symmetry  of the 'up-down'  
conformation,  too. However,  since the intramolecular  
factors that influence the conformation of the molecule 
are obviously overcome in the crystal state, we have to 
ascribe this to packing effects. 

CI{ 

~ ) N 3  ~ C 1 6  C 1 4 ~  

N2 ~ 

Fig. 1. The molecular structure of (I). Displacement ellipsoids are 
shown at the 50% probability level and H atoms have been omitted 
for clarity. 

Experimental 

(I) was prepared by a published procedure (Walsdorff et 
al., 1996). Crystals suitable for X-ray crystallography were 
obtained by layering n-hexane onto a solution of (I) in di- 
chloromethane at room temperature. 

Crystal data 

ClsH21N3 
Mr = 279.38 
Triclinic 
p]- 

a = 8.2898 (2) ,~, 
b = 9.7520 ( 1 )/~ 
c = 11.2391 (3) ,~, 
c~ = 112.131 (1) ° 
/3 = 96.654 ( 1)° 
7 = 104.437 (1)o ° 
V 792.47 (3) A 3 
Z = 2  
Dx = 1.171 Mg m -3 
Om not measured 

Mo Kc~ radiation 
A = 0.71073 ,~ 
Cell parameters from 5009 

reflections 
0 = 2.90-28.32 ° 
/z = 0.070 mm-t  
T = 296 (2) K 
Block 
0.55 × 0.50 × 0.45 mm 
Colourless 

Data collection 

Siemens SMART CCD 
diffractometer 

~o and ~o scans 
Absorption correction: none 
5009 measured reflections 
3623 independent reflections 
3122 reflections with 

I > 2or(/) 

Rt,t = 0.041 
0m~ = 28.32 ° 
h = -11 ---' 11 
k = - 1 2  ----, 12 
1 = 0 --+ 14 
Intensity decay = 0.14% 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.051 
wR(F 2) = 0.146 
S = 1.072 
3623 reflections 
190 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

w=  l/[o-2(F<~) + (0.0612P) 2 
+ 0.1751P] 

where P = (Fo 2 + 2/7,2)/3 
(A/~r)m,x = 0.000 
Apm,x = 0.216 e ~ -3  
Apmin = -0.183 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Data were collected over a hemisphere of reciprocal space, 
by a combination of three sets of exposures. Each set had 
a different ~o angle for the crystal and each exposure of 20 s 
covered 0.30 ° in w. The crystal-to-detector distance was 5 cm. 
The first 50 frames were retaken after complete data collection. 
The crystal showed no significant decay and no correction was 
applied for absorption or decay. The structure was solved by 
direct methods. H atoms were added at calculated positions 
and refined using a riding model. Anisotropic displacement 
parameters were used for all non-H atoms. H atoms were 
given isotropic displacement parameters equal to 1.2 times 
the equivalent isotropic displacement parameter of the atom 
to which they are attached. 

Data collection: SMART (Siemens, 1996). Cell refinement: 
SAINT (Siemens, 1996). Data reduction: SHELXTL (Sheldrick, 
1996). Program(s) used to solve structure: SHELXTL. Pro- 
gram(s) used to refine structure: SHELXTL. Molecular graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL. 
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Abstract 
The structure of the title compound, C I s H 2 0 N O 3 P ,  

reveals a hydrogen-bonding interaction between the NH 
group and the phosphoryl-O atom, resulting in a dimer; 
no interaction of the O atoms of the seven-membered 
1,3,2-dioxaphosphepine ring with the NH proton is 
found. 

Comment 
We have recently described the structures of the 
amino phosphorus derivatives (C6HllNH)P(OCH2C- 
Me2CH20), (1), (C6Hll NH)P(OCH2CMe2CH20)(O2C6- 
Ch), (2), (C6HllNH)P[{O-(tBu)2C6H2}2CH2], (3), and 
( C 6 H I I N H ) P [ { O - ( t B u ) 2 C 6 H 2  }2CH2] (O2C6H4) ,  (4) (Sa id  
et al., 1997). Whereas the tricoordinated compounds, (1) 
and (3), showed hydrogen bonding involving C6HIINH 
and an O atom of the six- or eight-membered ring, such 
a feature was absent in the pentacoordinated compounds, 
(2) and (4). In connection with this, we were interested 
in knowing the nature of the hydrogen bonding, if any, 
in cyclic phosphates bearing a primary amino group 
such as C6H~lNH. Herein we report the results on one 
such phosphate, the title compound, (C6H~INH)PO(2,2'- 
O C 6 I " I 4 - C 6 H 4 0 ) ,  (5) .  Compound (5), with a tetracoor- 
dinated P atom, was also chosen in order to study any 
conformational changes in the seven-membered ring, 
compared with tri- or pentacoordinated phosphorus com- 
pounds (Said et al., 1997). 

(5) 

The molecular structure of (5) is shown in Fig. 1. The 
P- -N  bond length in (5) [1.609 (2)A] is shorter than 
those observed in the tricoordinated aminophosphites (1) 
(mean 1.656,4,) and (3) [ 1.635 (3) A], but is close to that 
observed for the aminophosphoranes (2) [1.619(2),~,] 
and (4) (1.629.A,). The seven-membered phosphepin 
ring has a 'row-boat' conformation similar to several 
other phosphorus derivatives with this ring (Said et al., 
1996, and references therein), with 02  at the prow of 
the boat. Atoms P1, O1, C7 and C12 form the basal 

c,0  
c,5 c1,% pc.  

C4 

Fig. 1. The molecular structure of (5), with displacement ellipsoids 
plotted at the 25% probability level. For clarity, only non-H atoms 
are labelled. 
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