
AMADEU E BRIGAS et al. 781 

References 
Allen, F. H. & Kennard, O. (1993). Chem. Des. Autom. News, 8, 

31-37. 
Aires, J. A. C., Barkley, J. V., Brigas, A. F. & Johnstone, R. A. W. 

(1997). J. Chem. Soc. Perkin Trans. 2, pp. 669-677. 
Barkley, J. V., Cristiano, M. L. S., Johnstone, R. A. W. & Loureiro, 

R. M. S. (1997). Acta Cryst. C53, 383-386. 
Brigas, A. F., Goncalves, P. M. & Johnstone, R. A. W. (1997). J. 

Chem. Soc. Perkin Trans. 1, pp. 2603-2605. 
Brigas, A. F., Goncalves, P. M. & Johnstone, R. A. W. (1998). Acta 

Cryst. C54, 251-253. 
Brigas, A. F. & Johnstone, R. A. W. (1996). Acta Cryst. C52, 1293- 

1296. 
BiJrgi, H.-B. & Dunitz, J. D. (1987). J. Am. Chem. Soc. 109, 2924- 

2926. 
Chaloner, P. A. (1986). Handbook of Coordination Catalysis in 

Organic Chemistry, pp. 266-268; 851. London: Butterworths. 
Edwards, M. R., Jones, P. G. & Kirby, A. J. (1986). J. Am. Chem. 

Soc. 108, 7067-7073. 
Jackson, A. E. & Johnstone, R. A. W. (1976). Synthesis, pp. 685-687. 
Johnstone, R. A. W., Wilby, A. H. & Entwistle, I. D. (1985). Chem. 

Rev. 85, 129-170. 
Price, P. J. (1985). PhD thesis, University of Liverpool, England. 
Sheldrick, G. M. (1994). SHELXTL. Version 5. Bruker AXS Inc., 

Madison, Wisconsin, USA. 
Siemens (1995). SMART and SAINT. Area Detector Control and 

Integration Software. Bruker AXS Inc., Madison, Wisconsin, USA. 

Acta Cryst. (1999). C55, 781-783 

in the synthesis of various thiaethanoanthracenes (Ar- 
naud et al., 1994; Pelloux-L6on et al., 1997). We have 
recently reported the nucleophilic attack of an enolate on 
the monothioglyoxal precursor (Minassian et al., 1999). 
To understand the stereoselectivity observed in such ad- 
ditions, knowledge of the preferred conformation of (1) 
would be of interest. We have thus determined its atomic 
arrangement. 

S 

H 
(1) 

The present determination shows the existence of two 
conformers (Fig. 1) with very similar spatial confor- 
mations. Owing to this similarity, we think that both 
would give the same diastereoselectivity results. If one 
supposes that these conformers are also predominantly 
present in solution, then, according to Fig. 2, and assum- 
ing that the attack would occur from the less hindered 
side, the preferred face would be the S one. If the en- 
tering nucleophilic (Nu) group ranks third in the CIP 
priority rule (Cahn et al., 1996), the relative configura- 
tion of the obtained product will be R*,S*. In order to 
simplify the text, we note the C I 8 H I 6 O S  conformer as 
C and the c,, u, rye, ~...18.tXl6V o conformer as C' hereafter. 
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Abstract 
The structure of the title compound, CIsHI6OS, is de- 
scribed. Two conformers co-exist in the crystal structure 
with a very near spatial arrangement. 

Comment 
Thiaethanoanthracenes are convenient precursors for 
thioaldehydes (Pelloux-L6on & Vall6e, 1997). Upon 
heating, they undergo cyclo-reversion and give an- 
thracene and a compound containing a carbon-sulfur 
double bond. The title compound, (1), is a precursor for 
monothioglyoxal and can also be used as an intermediate 

/•O14' 
C 1 3 ' ~  

0 S l l J .  " ~ I 0  C20 ~ C 5  

Fig. 1. An ORTEPII (Johnson, 1976) plot of the two conformers of 
(1) shown with 40% probability displacement ellipsoids. 
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Fig. 2. A CHARON (Lauher, 1989) drawing showing the preferred 
face for the attack of a nucleophile on aldehyde (I). 

As already mentioned, the two independent molecules 
have very similar geometries. Thus, the dihedral angles 
between the two benzenic planes differ by less than 2 ° 
[53.8 (1) ° in conformer C and 52.3 (1) ° in conformer 
C']. Another noticeable feature is that in both mol- 
ecules, the mean plane of the S 11, C9, C 10, C 12, C 15 
and C16 (or S l l  t , C9', C10 t , C1U, C15' and C16') 
atoms is within less than 2 ° of the bisector plane of 
the two benzenic planes. In addition, one should also 
note that inside this bisector plane, the C15, C9, C10 
and C16 (or S l l ' ,  C9', C10', C12', C15' and C16') 
atoms are almost perfectly aligned and located on the 
intersecting line of the two benzenic ring planes. In 
each of the two molecules, the two C..-S distances are 
significantly different [1.869(1) and 1 .824(I)A in C, 
and 1.870(1) and 1.812(1)A in C'] and the C - - S - - C  
angles quite comparable [98.16 (6) ° in C and 98.48 (6) ° 
in C']. A survey of 23 accurate structural investigations 
(Cambridge Structural Database, 1998) of compounds 
including similar C - - S - - C  atomic groups shows that 
for 13 of them, similar differences are observed for the 
C-.-S distances, while in the remaining ones, these two 
distances are almost similar. The values observed in the 
title compound for both C.- .S distances and C - - S - - C  
angles lie within the ranges of values obtained from this 
survey. 

Experimental 

The title compound  was synthesized by reduction of  the cor- 
responding nitrile (Arnaud et al., 1995) with di isobutylalu-  
minium hydride. It was purified by liquid chromatography over  
silica gel using a 40/60 chloroform/pentane mixture as the elu- 
ent. The oil obtained was kept at 278 K and within a few days 
crystals appeared. 

Monocl inic  
P21/n 
a = 14.149 (5) ,~, 
b = 12.760 (3) ,~, 
c = 16.754 (7) ]k 
/3 = 107.68 (3) ° 
V 2882 (2) ,~3 

Z = 8  
D~ = 1.292 Mg m -3 

Om not measured 

Cell parameters  from 24 
reflections 

0 = 10 .8 -12 .0  ° 
= 0.217 mm - j  

T = 293 K 
Prism 
0.32 × 0.30 × 0.28 mm 
Pale ye l low 

Data collection 
Enraf -Nonius  C A D - 4  

diffractometer  
scans 

Absorpt ion correction: none 
8999 measured reflections 
8818 independent  reflections 
5969 reflections with 

I > 2o( / )  

Rim = 0.007 
0max = 29.96 ° 
h = - 19 ~ 19 
k = 0 ----, 17 
1 = 0 - - - , 2 3  
2 standard reflections 

every 120 reflections 
intensity decay:  - 1.17% 

Refinement 

Refinement  on F 
R = 0.041 
wR = 0.057 
S = 1.937 
5969 reflections 
489 parameters  
All H-a tom parameters  

refined 

w= ll[o.~'(Fo) 
+ 0.000511Fol 2] 

(A/a)ma× = 0.031 
Apmax = 0.42 e ,&-3 
Apmin = - 0 . 2 0  e ,~-3 
Extinction correction: none 
Scattering factors f rom 

International Tables for 
Cr}'stallography (Vol. C) 

Table 1. Selected geometric parameters (,4, o) 
SI 1--C9 1.869(I) SI I'---C9' 1.870(1) 
SI I--C12 1.824(1) SI 1'---C12' 1.812(1) 
C9---C15 1.526(2) C9'---C15' 1.516(2) 
C9---CI 7 1.503 (2) C9'~CI7'  1.513 (2) 
C9---CI9 1.504 (2) C9'~C19' 1.513 (2) 
C10--C12 1.565 (2) C10'---C12' 1.583 (2) 
C12---C13 1.498(2) CI 2'--C 13' 1.511 (2) 

C9--SI1~C12 98.16(6) S 11 '---C9'---C 17' 105.30(8) 
S I I--C9--C15 106.13(9) SI I '--C9'--~19' 105.19(8) 
SI 1--C9--C17 104.89(8) C 15'---C9'--C 17' 115.4(1) 
S 11---C9~C 19 105.88(8) CI5'~C9'--CI9'  115.6(1) 
C15--C9--CI7 115.9(1) C 12'---CI 0'---C 16' 108.1 (1) 
C 15---C9~ 19 115.2(1) CI 2 ' ~ 1 0 ' - - C I 8 '  106.39(9) 
C17~'9--C19 107.86 (9) C 12'--C 10'---C20' 107.39 (9) 
C12--C10---C16 107.1 (1) C18'---C10'----C20' 107.07 (9) 
S11----CI 2---CI0 111.69(8) S 11 '---CI 2'~C10' 111.72(8) 
SI I---C12---C13 105.2(1) S11'--C12'---C 13' 106.26(9) 
CIO--CI 2---C13 113.2(1) C10'--C12'~CI 3' 111.9(I) 
C9'--SI I'--C12' 98.48(6) C9'~C17'---C 18' 115.0(1) 
S II '---C9'--C 15' 105.90 (9) 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). Cell 
refinement: CAD-4 Sof-m'are (Enraf -Nonius ,  1989). Data re- 
duction: TEXSAN (Molecular  Structure Corporation,  1992-  
1997). Program(s)  used to solve structure: SIR92 (Altomare 
et al. 1993). Program(s)  used to refine structure: TEXSAN. 
Software used to prepare material for publication: TEXSAN. 

Crystal data 

C~8H16OS M o  K& radiation 
Mr = 280.38 )~ = 0.7107 ~, 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GS1032). Services for accessing these 
data are described at the back of the journal. 
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Comment 

Over the last two decades, there have been a number 
of studies of the bulky phenoxy derivatives of hexa- 
chlorocyclo-2A 5,4A 5,6AS-triphosphazatriene (N3P3C16) 
and octachlorocyclo-2A 5 , 4A 5 , 6A 5 , 8A 5-tetraphosphaza- 
tetraene (NnPnC18). These phosphazene derivatives have 
potential use in the preparation of new small-mol- 
ecule organocyclophosphazenes (Allcock, Dembek et 
al., 1992; Allen, 1994), and high polymeric phosphazene 
derivatives with inorganic backbones and aryloxy side 
groups. These classes of polymers may be useful as high 
refractive index glasses (Olshavsky & Allcock, 1995), 
ferroelectric and non-linear optical polymers (Dembek 
et al., 1991; Allcock et al., 1995), liquid crystalline 
materials (Allcock & Kim, 1991), biomedical materials 
(Cohen et al., 1990) and small-molecule models for the 
corresponding linear phosphazene macromolecules. The 
structures of the organic, inorganic or organometallic 
side groups are highly effective in determining the 
specific physical or chemical properties of phosphazene 
polymers (Allcock et al., 1996; Allcock, 1985). 

N3P3C16 is a standard compound for trimeric phos- 
phazene derivatives. The crystal structures of N3P3C16 
(Bullen, 1971) and only a few of its derivatives 
with bulky phenoxy groups, such as [C15N3P3- 
P3N3C14(OC6H3-2,6-tBu2)] (H6kelek et al., 1994), 
[N3P3C15(OC6H3C12-o)], [N3P3C14(OC6H3C12-o)2] and 
[N3P3CI4(OC6H3Me2-o)2] (Allcock, Ngo et al., 1992), 
and [N3P3(OC6H4OCH2Ph-4)6] (Allcock et al., 1996), 
have been reported. The study of the title structure, (I), 
was undertaken in order to understand the influence of 
the highly hindered side group on the structure of the 
cyclic trimeric phosphazene ring and is part of a study of 
the effects of the steric and electronic factors on the nu- 
cleophilic substitution patterns found for cyclic trimeric 
phosphazenes. 
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Abstract 

The title compound, CIsH23C15N3OP3, consists of a 
non-planar trimeric phosphazene ring and a bulky 2,6- 
di-tert-butyl-4-methylphenoxy side group in which the 
phenyl ring shows a small but significant distortion from 
planarity. The bulky group predominantly determines 
the molecular shape. The endocyclic angle about the P 
atom bonded to the substituent is decreased, while the 
exocyclic angle is increased. The situation is not similar 
to that of tetrameric phosphazene derivatives. 

The title molecule is shown in Fig. 1. The struc- 
ture consists of a non-planar cyclic trimeric phospha- 
zene ring with one 2,6-di-tert-butyl-4-methylphenoxy 
group attached to the P2 atom; the phenyl ring is not 
strictly planar, the largest displacements from its least- 
squares plane being ca 0.06 A for C1, C4 and C6. The 
total puckering amplitude of the phosphazene ring is 
0.166 (2)A (Cremer & Pople, 1975). The three N atoms 
are displaced on opposite sides (+ and - )  with respect to 
the plane through the P atoms as follows: N1 +0.203 (3), 
N3 +0.084 (3) and N5 -0.075 (3)A,. 
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