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Table 2. Selected geometric parameters (/~, °) 
(A) 
O13----C12 1.223 (8) C2---C10 1.52 (1) 
N1--C2 1.48 (1) C2---C11 1.52 (1) 
N 1----C6 1.352 (9) C4----C5 1.44 (1) 
N1--H1 0.86 (6) C5----426 1.352 (9) 
N3----C2 1.48 (I) C6--C12 1.50 (1) 
N3----C4 1.291 (9) C15----C16 1.38 (1) 
N7----C5 1.408 (9) C15--C20 1.378 (9) 
N7---C8 1.29 (1) C16----C17 1.38 (1) 
N9----C4 1.411 (9) C17---C18 1.37 (1) 
N9---C8 1.39 (1) C18---C19 1.37 (1) 
N9----4215 1.42 (1) C19--C20 1.38 (1) 
N 14------C 12 1.332 (9) 

C2--N1---C6 124.0 (7) C4--C5----C6 117.8 (7) 
C2 N3---C4 113.1 (7) N1--C6--C5 115.7 (8) 
C5---N7---C8 104.1 (8) N1--C6--4212 116.5 (7) 
C4---N9----C8 106.2 (6) C5---C6---C12 127.4 (7) 
C4--N9---C15 128.7 (6) N7---C8--N9 115.5 (7) 
C8---N9--C15 125.0 (7) N9----C15--C16 120.5 (7) 
N1---C2--N3 111.1 (6) N9--4215---C20 118.6 (7) 
N1---C2---CI0 107.2 (6) C16----C15---C20 120.9 (8) 
N1----C~---C11 109.1 (6) C15----C16--4217 119.7 (8) 
N3---C2---C10 108.5 (7) C16---C17----C18 119.9 (8) 
N3--C2---C11 108.9 (8) C17---C18--C19 120.2 (8) 
C10--C~---C11 112.1 (7) C18--C19---C20 120.9 (8) 
N3----C4---N9 128.2 (7) C15--~20--C19 118.4 (8) 
N3----C4--C5 128.6 (8) O13--C12--N14 126.0 (9) 
N9----C4--<25 103.2 (6) O13--C12---426 119.5 (7) 
N7--C5--C4 111.1 (7) N14----C12--C6 114.5 (8) 
N7---C5----C6 129.6 (8) 

(B) 
O13----C12 1.212 (6) C2--4210 1.501 (7) 
N1---C2 1.505 (6) C2---C11 1.537 (7) 
N1---C6 1.299 (6) C4--C5 1.370 (6) 
N3---C2 1.483 (6) C5----C6 1.420 (7) 
N3----C4 1.376 (6) C6----4212 1.543 (6) 
N3---H3 0.98 (5) C15--C16 1.393 (7) 
N7----C5 1.373 (6) C 15---4220 1.324 (8) 
N7---C8 1.313 (7) C16----C17 1.425 (8) 
N9---C4 1.335 (6) C17--C18 1.35 (1) 
N9-----C8 1.404 (6) C18---C19 1.359 (9) 
N9---C15 1.459 (6) C19--C20 1.393 (8) 
N 14---~12 1.316 (6) 

C2--N1--C6 116.1 (4) N7--<25----C6 131.7 (4) 
C2--N3--424 112.0 (4) C4----C5----C6 117.6 (4) 
C2--N3---H3 110 (3) N1---C6--425 122.6 (4) 
C4---N3--H3 114 (3) N 1---C6--<212 114.0 (5) 
C5---N7---C8 105.8 (4) C5--C6---C12 123.0 (5) 
C4---N9---C8 106.8 (4) N7--C8---N9 110.3 (5) 
C4---N9---C15 129.7 (4) N9---C15---C16 116.6 (5) 
C8---N9--C15 123.3 (4) N9----C15----C20 120.7 (5) 
NI--C2--N3 114.3 (4) C16----C15--C20 122.7 (5) 
N1---C2--CI0 107.9 (4) C15---C16---4217 115.0 (6) 
NI---C2---C11 106.6 (4) C16--C17--C18 121.6 (6) 
N3---C2---C10 108.0 (4) C17--C18---C19 121.1 (6) 
N3--C2--C11 108.0 (4) C18---C19----C20 118.3 (6) 
Clff--C2---C11 112.1 (4) C15---C20--C19 121.2 (6) 
N3----C4---N9 129.3 (4) O13----C12--N14 124.8 (5) 
N3----C4---C5 123.7 (5) O13----C12---C6 121.1 (5) 
N9----C4---C5 107.0 (4) N 14--C12--C6 114.0 (5) 
N7--~5--C4 110.0 (5) 

The  data  for  the o range  t au tomer  were  col lec ted  on the basis  
o f  a monoc l i n i c  uni t  cell  o f  twice  the v o l u m e  o f  the current  
one  and  Mi l le r  indices  were  t r an s fo rmed  to c o n f o r m  wi th  
the smal le r  cell  dur ing  da ta  reduct ion .  Dur ing  ref inement ,  H 
a toms  were  f ixed in ca lcu la ted  pos i t ions  except  H1,  w h o s e  
coord ina tes  were  refined.  Dur ing  re f inement  o f  the y e l l o w  
tau tomer ,  H a toms  were  f ixed in ca lcu la ted  posi t ions  except  
H3,  w h o s e  coord ina tes  were  ref ined.  Thus ,  the same n u m b e r  
o f  var iables  was  ref ined for  bo th  tau tomers .  

For  bo th  c o m p o u n d s ,  da ta  col lec t ion:  TEXSAN (Molecu-  
lar  St ructure  Corpora t ion ,  1985); cell  re f inement :  TEXSAN; 
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data reduction: TEXSAN; program(s) used to solve structures: 
MITHRIL (Gilmore, 1984); program(s) used to refine struc- 
tures: TEXSAN; molecular graphics: PLUTO (Motherwell & 
Clegg, 1978); software used to prepare material for publica- 
tion: CIF (Hall, Allen & Brown, 1991). 

The EPSRC is thanked for funding the Chemical 
Databank Service CSSR used for crystallographic lit- 
erature searches. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HAll28) .  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Abstract 

The benzaldehyde nitrone moiety in the title molecule, 
N-benzylidene-4-fluoroaniline N-oxide, CI3HIoFNO, 
like that in N-(benzylidene)methylamine N-oxide [Bed- 
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ford, Chaloner  & Hitchcock (1991). Acta Cryst. C47, 
2484-2485] approaches planarity [Ct~nz--N==C--C~nz 
179.5 (5) and Cbenz---Cbenz--C-m-N - 1 3  (1) ° cf  176.0 (2) 
and 6.8 (2) ° , respectively, in the methyl  compound].  
However,  the p-f luorobenzene substituent is substan- 
tially twisted out of  the molecular  plane [C~n~--Ct,e~ 
N==C - 4 2 . 8  (8) °] in order to avoid a non-bonded O . . . H  
clash. 

Comment 
The structure determination of  (Z)-N-4-fluorophenyl-C- 
phenylnitrone,  (1), was carried out as part of  a general 
investigation into the preparation of  fluorine-containing 
aryl nitrones and their reaction with alkenes to give 
isoxazolidines (DuBoisson, 1986). 

Ph ÷ O -  N / 
p-FC6H4NHOH + PhCHO ~ /C~--N., 

H C6H4F-P 
(1) 

It was necessary to confirm that the nitrone which 
resulted from the reaction of  benzaldehyde with 4- 
f luorophenylhydroxylamine was the Z isomer so that 
the stereochemical outcome of  1,3-dipolar cycloaddit ion 
reactions involving (1) could be interpreted mecha- 
nistically. The parameters for compound (1) as deter- 
mined by X-ray analysis could then be compared with 
those obtained previously for N-(4-fluorophenyl)-C,C- 
diphenylni trone (Banks, DuBoisson,  Pritchard & Tip- 
ping, 1991). 

As expected, greater steric congest ion of  the C,C- 
diphenylni trone led to both C-attached phenyl  t ings 
being twisted out of  the nitrone plane [Cbenz----Cbe~-- 
C---N 33.0(3)  and 57.8(3)  ° c f - 1 3 ( 1 )  ° for the title 

F4 

,#\ ~ .  C3 I 

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

compound].  The higher substitution is also reflected in 
longer bonds to the phenyl  substituents [1.469 (4) and 
1.477 (4) ,~ cf  1.450 (8) A in the title molecule].  

Experimental 

Benzaldehyde (0.33g, 3.10mmol) was stirred under N2 
and treated with a solution of 4-fluorophenylhydroxylamine 
(0.40g, 3.10mmol) in ethanol (10ml) and stirring was con- 
tinued in the dark for 16 h. The resulting material was warmed 
to dissolve the precipitate, then cooled and the resulting solid 
removed by filtration, washed with ethanol and dried in vacuo 
to afford the title compound (1) (0.64 g, 3.0 mmol, 96%; m.p. 
445-446 K). Analysis found C 72.7, H 4.8, F 8.8, N 6.8%, M 
= 215. CI3HIoFNO requires C 72.6, H 4.7, F 8.8, N 6.5%, M 
= 215. The product was recrystallized from aqueous ethanol. 

Crystal data 

CI3H10FNO Mo Ks  radiation 
Mr = 215.23 A = 0.71069/~, 
Monoclinic Cell parameters from 25 
P21/n reflections 
a = 5.590 (2)/~ 0 = 5.19-12.75 ° 
b = 25.299 (4) ,~, # = 0.0943 mm-i  
c = 7.310 (2) ,~ T = 296 K 
/3 = 90.90 (2) ° Plate 
V = 1034 (1)/~3 0.35 x 0.35 x 0.10 mm 
Z = 4 Colourless 
Dx = 1.383 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

none 
2097 measured reflections 
1861 independent reflections 
740 observed reflections 

[1 > 3a(/)] 

Rint = 0.0313 
0max = 25.0 ° 
h =  - 6  ---~ 0 
k =  - 3 0  ---, 0 
l = - 8 - - ,  8 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: none 

Refinement 

Refinement on F 
R = 0.0561 
wR = 0.0695 
S = 1.478 
740 reflections 
145 parameters 
H-atom parameters not 

refined 

Weighting scheme based 
on measured e.s.d.'s 

(A/O ' )max  - -  0.0101 
mpmax = 0 . 3 0 4  e/?It - 3  

mpmin  = -0.215 e/~-3 
Atomic scattering factors 

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

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

Ueq = (1/3)Ei~jUija i a) ai.aj. 

x y z Ueq 
O1 0.1337 (6) 0.2323 (2) 0.2906 (7) 0.070 (2) 
N I 0.3547 (8) 0.2435 (2) 0.2532 (6) 0.044 (2) 
C1 0.4103 (9) 0.2999 (2) 0.2437 (7) 0.040 (2) 
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C2 0.6197 (9) 0.3194 (2) 0.3173 (8) 0.047 (3) 
C3 0.6646 (9) 0.3728 (3) 0.3125 (8) 0.048 (3) 
C4 0.495 (1) 0.4047 (2) 0.2295 (8) 0.049 (3) 
C5 0.2889 (10) 0.3863 (2) 0.1550 (8) 0.050 (3) 
C6 0.2447 (9) 0.3327 (2) 0.1631 (8) 0.046 (3) 
C7 0.5193 (9) 0.2086 (2) 0.2211 (8) 0.043 (3) 
C8 0.4902 (9) 0.1517 (2) 0.2271 (7) 0.037 (2) 
C9 0.6765 (9) 0.1222 (2) 0.1550 (8) 0.048 (3) 
C10 0.668 (1) 0.0679 (2) 0.1543 (9) 0.055 (3) 
Cll 0.475 (1) 0.0417 (3) 0.2283 (9) 0.057 (3) 
C12 0.2919 (10) 0.0708 (3) 0.3028 (9) 0.055 (3) 
C13 0.2973 (9) 0.1250 (2) 0.3022 (8) 0.045 (3) 
F4 0.5392 (6) 0.4577 (1) 0.2259 (5) 0.074 (2) 

Table 2. Selected geometric parameters (A, o) 
O1--N1 1.300 (5) C5---C6 1.381 (9) 
N1---CI 1.463 (6) C7--C8 1.450 (8) 
N1---C7 1.298 (6) C8---C9 1.392 (7) 
C1---C2 1.373 (7) C8----C13 1.393 (7) 
C1----C6 1.369 (7) C9----C 10 1.373 (8) 
C2---C3 1.373 (8) CI0---CII 1.383 (8) 
C3----C4 1.378 (8) C11--C12 1.382 (8) 
C4--C5 1.351 (8) C12--C13 1.371 (8) 
C4---F4 1.363 (7) 

O1--N1---C1 115.1 (4) NI--CI--C6 118.0 (5) 
OI--NI---C7 124.7 (4) N1---C7--C8 126.1 (5) 
C1--N1---C7 120.2 (4) C7--C8--C9 115.9 (5) 
N1--C1----C2 120.9 (5) C7--C8----C13 125.6 (5) 

Data collection: CAD-4 Operations Manual (Enraf-Nonius, 
1977). Cell refinement: CAD-4 Operations Manual (Enraf- 
Nonius, 1977). Data reduction: TEXSAN PROCESS (Molec- 
ular Structure Corporation, 1985). Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program(s) used to 
refine structure: TEXSAN LS. Molecular graphics: ORTEPII 
(Johnson, 1976). Software used to prepare material for publi- 
cation: TEXSAN FINISH. Literature Survey: CSSR (1984). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry, including H-atom geometry, 
have been deposited with the IUCr (Reference: HU 1138). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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Abstract 

The title compound, C3oH1803, has a dihedral angle of 
76.24 (5) ° between the two anthracene units and a mean 
dihedral angle of 64.0 (2) ° between an anthracene unit 
and the plane defined by C5 and the C and O atoms of 
the carbonyl group. 

Comment 

It has been shown that in 5-substituted anthracenes the 
torsion angle between the aromatic 7r system and the 
substituent is governed by steric requirements (Trotter, 
1959). The least bulky anthracene carbonyl derivative, 
5-anthraldehyde, (2), exhibits a torsion of 27 ° (Trotter, 
1959), while the maximum value of 88 ° is found for 
5-acetylanthracene, (3) (Andersson, Becker, Engelhardt, 
Hansen & White, 1984), with torsion angles for related 
molecules falling between these values. The value of 
64.0 (2) ° for the title compound, (1), compares with 
those of 50.5 ° for dianthril ketone, (4) (Becker, Langer, 
Skelton & White, 1989), 75.0 ° for 5,5-anthroin acetate, 
(6) (Becker, Kildea, Patrick, Skelton & White, 1991), and 
54.0 and 86.15 ° for the c~ (5c~) and /3 (5/3) forms, 
respectively, of 5,5'-anthril (Becker, Skelton & White, 
1991). 
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(1) (2) (3) 

(4) 

C =  O C OAc 

o=' ~-=o 

(5~) (5~) (6) 

The dihedral angle between the two anthracene units 
is also of interest, the value of 76.24 (5) ° in (1) falling 
between those of 87.3 ° in (4) and 74.8 ° in (54).  
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