
770 CI5H32NO~.Br- 

0/20 scans 
Absorption correction: 

refined from AF (Walker 
& Stuart, 1983) 

3335 measured reflections 
3233 independent reflections 
2926 observed reflections 

[I > ~(/)] 

Refinement 
Refinement on F 
R = 0.060 
wR = 0.055 
S = 0.928 
2926 reflections 
173 parameters  
H atoms treated using a 

riding model  
w = 1/tr2(Fo) 

where  tr(F 2) = [tr2(/) 
+ (pF2) 2] and p = 0.04 

h = - 8 ~ 8  
k = - 8 ~ 8  
1 = 0 ---~ 21 
2 standard reflections 

frequency:  30 min 
intensity decay:  6 .69% 

(A/or)max = 0.011 
Apmax = 0.71 e A -3 
Apmin = - 1 . 4 8  e / ~ - 3  
Extinction correction: 

Zachariasen (1977) 
Extinction coefficient: 

5.1 × 10 -7  

Atomic  scattering factors 
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (Aft) 

Ueq = (1/3)~] i  Y~,j U ija 7 a; ai .aj . 

x y z Ueq 
Br 0.75155 (8) 0.27720 (7) 0.11826 (3) 0.0701 (3) 
Ol 0.4360 (5) 0.8761 (5) 0.1544 (2) 0.088 (2) 
02 0.3848 (5) 1.1096 (5) 0.0802 (2) 0.081 (2) 
N1 0.0755 (6) 0.7504 (5) 0.1107 (2) 0.062 (2) 
C1 -0.0060 (9) 0.8059 (8) 0.1921 (3) 0.090 (4) 
C2 -0.1455 (9) 0.7007 (9) 0.2292 (3) 0.093 (4) 
C3 -0.2202 (9) 0.7698 (9) 0.3052 (3) 0.090 (4) 
C4 -0.397 (1) 0.698 (1) 0.3404 (3) 0.103 (5) 
C5 -0.474 (1) 0.7654 (9) 0.4150 (3) 0.097 (4) 
C6 -0.665 (1) 0.708 (1) 0.4480 (4) 0.112 (5) 
C7 -0.744 (1) 0.772 (I) 0.5213 (3) 0.102 (5) 
C8 -0.934 (1) 0.717 (1) 0.5537 (4) 0.125 (6) 
C9 - 1.016 (1) 0.776 (1) 0.6269 (4) 0.120 (6) 
C10 -1.204 (1) 0.719 (2) 0.6583 (5) 0.163 (8) 
Cll -1.285 (2) 0.770 (1) 0.7249 (5) 0.19 (1) 
C31 0.3429 (7) 0.9587 (7) 0.1096 (3) 0.067 (3) 
C32 0.1660 (7) 0.9037 (6) 0.0775 (3) 0.060 (3) 
C33 -0.0962 (7) 0.7282 (7) 0.0687 (3) 0.071 (3) 
C34 0.2196 (9) 0.5832 (7) 0.1040 (4) 0.094 (4) 

Table 2. Selected geometric parameters (,~,, o) 
O1---C31 1.207 (6) C4----C5 1.476 (8) 
O2--C31 1.314 (6) C5---C6 1.50 (1) 
NI---C1 1.572 (6) C6---C7 1.451 (9) 
N 1--C32 1.486 (6) C7--C8 1.47 (1) 
N1----C33 1.489 (7) C8---C9 1.44 (1) 
N1--C34 1.482 (6) C9----C10 1.47 (1) 
CI--C2 1.438 (9) C10--CI 1 1.32 (1) 
C2---C3 1.499 (8) C31----C32 1.499 (7) 
C3--C4 1.48 (1) 

CI--N1----C32 106.9 (4) N 1--CI--C2 116.9 (5) 
C1--N1--C33 109.0 (4) C1----C2--C3 112.5 (6) 
C1--N1--C34 113.8 (4) O1---C31--4)2 124.8 (5) 
C32--N1--C33 106.4 (4) O1---C31--C32 125.6 (5) 
C32--N1--C34 111.5 (4) O2---C31---C32 109.6 (4) 
C33---N1--C34 108.9 (4) N 1--C32--C31 118.4 (4) 

C32--N1--C1---C2 163.9 (5) O1--C31--C32--N1 9.8 (8) 
C1--N1--C32---C31 63.0 (5) O2---C31--C32--N1 - 171.4 (4) 
N 1--C1---C2--C3 -177.5 (5) 

Data collection: CAD-4 diffractometer software (Enraf- 
Nonius, 1977). Cell refinement: CAD-4 diffractometer soft- 

ware. Data reduction: MolEN PROCESS (Fair, 1990). Pro- 
gram(s) used to solve structure: MULTAN (Main et al., 1980). 
Program(s)  used to refine structure: MolEN LSFM. Molecu-  
lar graphics: ORTEPII (Johnson, 1976), SCHAKAL92 (Keller, 
1992). Sof tware  used to prepare material for publication: 
MolEN BTABLE, PTABLE and CIF IN. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, bond distances involving H atoms, angles involving non- 
H atoms, torsion angles and contact distances have been deposited 
with the IUCr (Reference: SE1072). Copies may be obtained through 
The Managing Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 
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1-Trifluoroacetyl-3-trifluoromethyl-3a,8b- 
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Abstract 
The title structure, CI3H8F6N20, is the hydrolysis prod- 
uct of the rearranged 1,3-dipolar cycloadduct of 2,5- 
dichloro- 1,1,1,6,6,6-hexafluoro-3,4-diazahexa-2,4-diene 
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and indene, and comprises approximately planar moi- 
eties meeting at a dihedral angle of  119.7 (1) ° along the 
shared C----<2 bond between the f ive-membered rings. 
One plane contains the carbonyl substituent, which lies 
trans to the N m N  bond [ O = = C - - N - - N  179.2 (3) °] and 
completes a delocalization pathway extending from the 
ring C = N  bond [ C m N ~ N = = C  - 1 7 6 . 3  (3)°]. However,  
as the latter bond is only 1.248 (4)/~ long, any delocal- 
ization must be limited to the O = = C ~ N - - N  region. 

Comment 
This structure determination, which forms part of  a 
general investigation into 1,3-dipolar cycloaddit ion re- 
actions of  the dichloroazine (1) with a variety of  cyclic 
alkenes, dienes and trienes (Abdul-Ghani,  1992; Abdul- 
Ghani & Tipping, 1993), was undertaken to identify the 
hydrolyzed product (2) and hence relate it to its pre- 
cursor, the rearranged 1:1 cycloadduct  (3). This study 
proved that the initial cycloaddit ion had afforded the 
1:1 adduct (4) and not the alternative 1:1 adduct (5). 

+ CF3CCI=NN=CCICF 3 
(1) 

CI CFs 

N\~CICF3 
(5) 

CCICF 3 
- 

~ [ ~ .  C! CF3 

(4) 
[ CCI2CF3 

~ C F  3 

H +/H20// 
COCF 3 f/SiO2 

~ C F  3 

(2) 

(3) 

Experimental 

A mixture of the dichloroazine (1) (4.00g, 15.32 mmol) and 
indene (1.78 g, 15.34 mmol) heated in vacuo in a Rotaflo tube 
(ca 100ml)a t  343K (4d), gave volatile material identified 
as unchanged dichloroazine (1) (0.89g, 3.41 mmol, 22% 
recovered) and a non-volatile residue (4.81 g). The residue 
was introduced onto the top of a DCFC column (silica Merck 
Kieselgel 60H) as a solution in petroleum ether (b.p. 313- 
333 K) and CH2C12 in the ratio 2:1 v/v, and hydrogen chloride 
was immediately evolved from the surface of the silica. After 
a short time (10 min) the material was eluted (same eluant) to 
afford unchanged indene (0.33 g, 2.84 mmol, 19% recovered) 
and the title compound, (2) (3.58 g, l l .12mmol,  93%), m.p. 
378-380 K (found: C 48.7, H 2.4, N 8.6, F 35.7%, M + 322; 
CIBHsF6N20 requires C 48.8, H 2.5, N 8.7, F 35.4%,/1//+ 322). 
Crystals for the X-ray study were obtained by recrystallization 
from a mixture of CH2C12 and n-pentane in the ratio 1:1 v/v. 

Crystal data 

C13H8F6N20 Mo Ko~ radiation 
Mr = 322.21 A = 0.71069/~ 
Orthorhombic Cell parameters from 25 
P bca reflections 
a = 10.648 (2)/~, 0 = 13.3-21.3 ° 
b = 12.589 (3) ,~, # = 0.164 mm -I 
c = 18.594 (4)/~ T = 233 K 
V = 2492 (1)/~3 Plate 
Z = 8 0.40 x 0.30 x 0.10 mm 
Dx = 1.717 Mg m -3 Colourless 

Data collection 
Siemens R3m/V diffractom- 

eter 
w/20 scans 
Absorption correction: 

none 
2393 measured reflections 
2393 independent reflections 
1075 observed reflections 

[I > 3~r(h] 

0ma~ = 24.5 ° 
h = 0 ---~ 12 
k = 0 ----' 14 
l = 0 - - - . 2 1  
3 standard reflections 

monitored every 150 
reflections 

intensity decay: insignifi- 
cant 

~ FIOC 

~'-~C 9~ ~F- i 0 A 

Fig. 1. The title molecule, including atomic numbering scheme, drawn 
using ORTEPII (Johnson, 1976) with ellipsoids set at the 50% 
probability level. 

Refinement 

Refinement on F 
R = 0.0387 
wR = 0.0458 
S = 1.150 
1075 reflections 
227 parameters 
H-atom parameters not 

refined 
Weighting scheme based 

on measured e.s.d.'s 

(A/¢r)max = 0.09 
mpmax -" 0.19 e A -3 
m p m i n  - -0 .16 e/~-3 
Extinction correction: none 
Atomic scattering factors 

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

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters  (]k 2) 

. . . .  * * . a .  Ueq = (1/3)E,~jUqa i aj a,. ,j. 

x y z Ueq 
FIOA 0.4777 (2) 0.4432 (2) 0.6999 (1) 0.066 (2) 
F10B 0.3884 (2) 0.5544 (2) 0.6319 (1) 0.068 (2) 
FIOC 0.3774 (2) 0.3903 (2) 0.6090 (1) 0.068 (2) 



772 C I 3 H s F 6 N 2 0  

F13A1 0.663 (2) 0.736 (2) 0.772 (1) 0.11 (1) 
F13B1 0.746 (2) 0.8366 (7) 0.6982 (7) 0.076 (5) 
F13C1 0.857 (2) 0.737 (1) 0.7588 (9) 0.085 (7) 
F13A2 0.628 (1) 0.772 (2) 0.742 (2) 0.10 (1) 
F13B2 0.793 (4) 0.829 (2) 0.702 (1) 0.14 (3) 
F13C2 0.787 (4) 0.710 (2) 0.7766 (9) 0.08 (1) 
09 0.5766 (2) 0.4128 (2) 0.5345 (2) 0.048 (2) 
N1 0.6565 (3) 0.5386 (2) 0.6048 (2) 0.033 (2) 
N2 0.6423 (3) 0.6037 (2) 0.6632 (2) 0.036 (2) 
C3 0.7363 (3) 0.6629 (3) 0.6654 (2) 0.035 (2) 
C3A 0.8333 (3) 0.6462 (3) 0.6099 (2) 0.036 (2) 
C4 0.9567 (4) 0.6016 (3) 0.6386 (2) 0.048 (3) 
C4A 0.9637 (3) 0.4933 (3) 0.6079 (2) 0.041 (2) 
C5 1.0589 (4) 0.4208 (3) 0.6182 (2) 0.056 (3) 
C6 1.0522 (4) 0.3266 (4) 0.5830 (3) 0.065 (3) 
C7 0.9541 (5) 0.3042 (3) 0.5387 (3) 0.057 (3) 
C8 0.8583 (4) 0.3753 (3) 0.5288 (2) 0.044 (2) 
C8A 0.8643 (3) 0.4697 (3) 0.5654 (2) 0.034 (2) 
C8B 0.7727 (3) 0.5593 (3) 0.5643 (2) 0.033 (2) 
C9 0.5679 (3) 0.4702 (3) 0.5858 (2) 0.036 (2) 
C10 0.4523 (4) 0.4657 (3) 0.6330 (2) 0.045 (3) 
C13 0.7436 (5) 0.7433 (4) 0.7226 (3) 0.050 (3) 

Table 2. Selected geometric parameters (,~, °) 

09--c9 1.202 (4) C4---C4A 1.480 (5) 
N1--N2 1.369 (4) C4A---C5 1.378 (5) 
NI----C8B 1.472 (4) C4A---C8A 1.354 (5) 
N1--C9 1.325 (4) C5---C6 1.356 (6) 
N2---C3 1.248 (4) C6----C7 1.361 (7) 
C3----C3A 1.476 (5) C7--C8 1.369 (5) 
C3----C13 1.470 (5) C8----C8A 1.372 (5) 
C3A---C4 1.526 (5) C8A---428B 1.491 (5) 
C3A--C8B 1.527 (5) C9--C10 1.513 (5) 
N2--NI--C8B 113.2 (3) C4A---C5--<26 118.3 (4) 
N1--N2---C3 107.1 (3) caA----C8A----C8 121.1 (4) 
N2----C3---C3A 116.9 (3) C4A----C8A---C8B 110.7 (3) 
C3----C3A---C4 114.2 (3) C8----C8A---C8B 128.1 (3) 
C3--C3A--CSB 101.2 (3) N 1---C8B--C3A 101.4 (3) 
C4--C3A--C8B 107.1 (3) NI--CSB--C8A 114.2 (3) 
C3A--C4---C4A 104.3 (3) C3A--C8B--C8A 104.9 (3) 
C4---C4A--C5 126.5 (4) O9---C9---N 1 123.2 (4) 
C4---CaA---C8A 112.8 (3) O9----C9---C10 120.0 (3) 
C5---CaA----C8A 120.7 (4) N1---C9----CI0 116.7 (3) 

Each of the fluorine atoms attached to C 13 is disordered over 
two sites, with the population of F13A1, F13B1 and F13C1 
refining to 0.67 (3) and the occupancy of the alternative sites 
F13A2, F13B2 and F13C2 being constrained to one minus this 
value. 

Data collection: P3/PC Diffractometer Control Software 
(Siemens, 1989). Cell refinement: P3/PC Diffractometer Con- 
trol Software. Data reduction: PROCESS TEXSAN (Molecular 
Structure Corporation, 1985). Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1985). Program(s) used to refine 
structure: LS TEXSAN. Molecular graphics: ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
FINISH TEXSAN. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: Lll130). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
In 2-(2,6-difluorophenyl)- 1,3-dithiane, (1), C10H10F2S2, 
described here, and its unfluorinated counterpart [Kalff 
& Romers (1966). Acta Cryst. 20, 490--496], the 
conformation about the C---C bond joining the two 
rings is similar, with S----C---Car----Car torsion angles 
of  59.5 (2) and - 6 7 . 6 ( 2 )  ° in the former, and 59.7 
and - 6 6 . 0  ° in the latter. In the oxidation product 2- 
(2,6-difluorophenyl)- 1,3-dithiane 1,1,3,3-tetraoxide, (2), 
CIoHIoF2OnS2, the torsion angles become 42.8 (4) and 
- 8 7 . 6  (3) °. There is a slight flattening of  the tetrahedral 
geometry at atom C2, as indicated by the sum of  the 
three non-H bond angles [335.7 (2) and 340.8 (3) ° for 
(1) and (2), respectively]. Compound (2) is not unduly 
sterically congested since the shortest O . . . F  contact of 
2.712 (3 )A  is close to the expected van der Waals dis- 
tance of  2.75 ,~,. However, further twisting about the 
central bond would lead to an unacceptably short O - . . F  
contact of  1.501/~,, effectively blocking free rotation of  
the phenyl ring about this bond. 

Comment 
The structure determination of  the title compounds,  
2-(2,6-difluorophenyl)- 1,3-dithiane, (1), and 2-(2,6-di- 
f luorophenyl)- l ,3-di thiane 1,1,3,3-tetraoxide, (2), was 
carded out as part of  a general investigation into the 
synthesis and chemistry of  2-fluoroaryl-l ,3-dithianes,  
including studies of  their hydrolysis and their oxidation 
to the corresponding bis(sulfone) compounds (Adamson 
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