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M e t h y l -  a n d  P h e n y l - S u b s t i t u t e d  Sa l i ey l -  

i d e n e a n i l i n e s  

~ OH Y OH 

(1) X=Y=H (2) R=Me 
(4) X=CI, Y=H (3) R=Ph 
(5) X=H, Y=CI 

While the crystal structure of the parent salicylidene- 
aniline, (1), is severely disordered, precluding detailed 
comparison with (2) and (3), data for the chloro 
derivatives (4) (Bregman, Leiserowitz & Schmidt, 1964) 
and (5) (Bregman, Leiserowitz & Osaki, 1964) are 
adequate for this purpose. All of the compounds (1)-(5) 
have an E (or anti) configuration at the C~---N moiety 
in order to accommodate hydrogen bonding with the 
ortho-hydroxy function (Figs. 1 and 2). The overall 
conformation of this family of compounds appears to 
be governed by steric factors in the neighbourhood of 
the imine function. Thus compound (4), in which Y = 
H, is planar to within 1 °, whereas in (5) (Y = C1), the 
angle between the two phenyl rings is 51.5 °, and in 
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Abstract 
The angles between the phenol and anil ring systems 
attached to the imine functions of 2-hydroxyaceto- 
phenone anil [IUPAC name: 2-(1-phenyliminoethyl)- 
phenol; ClnH13NO] and 2-hydroxybenzophenone anil 
{IUPAC name: 2-[phenyl(phenylimino)methyl]phenol; 
C19H15NO} are 101.6(1) and 103.2(1) °, respectively. 
These are larger than in the corresponding salicyl- 
ideneanilines derived from aldehydes because of steric 
repulsions arising from the substitution of H by Me 
or Ph. Bond lengths and angles are, however, broadly 
similar in the aldehyde- and ketone-derived systems. 

Comment 
Although there are several reports of crystal structures 
of salicylaldehyde anils, including the parent member 
of the series, (1) (Destro et al., 1978), none is available 
for derivatives of the corresponding ketones. Here we 
rectify this omission in the literature and report the 
crystal structures of two anil derivatives of aceto- 
phenone and benzophenone, (2) and (3), respectively. 

1_ 
c~ c4 ~ c3 

C5 C1 "'~., NI3 

~ C 1 9  

Fig. 1. A view of (2) with the atom-numbering scheme. Displacement 
ellipsoids enclose 50% probability surfaces. Hydrogen-bonding 
parameters are O21...NI3 2.554 (3) and H21-..NI3 1.63 (3)A. 

T C2 '". ck C126 

~ ~ 1 7 1 2  C l 2 1 g ~ ~ ' ~  24 

C l l 5 ~  

C114 ' ~ C I 1 3  

Fig. 2. A view of (3) with the atom-numbering scheme. Displacement 
ellipsoids enclose 50% probability surfaces. Hydrogen-bonding 
parameters are 02-..NI2 2.550 (2) and H2...N12 1.70 (2) A. 
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the ketone derivatives (2) and (3), these parameters are 
101.6 (1) and 103.2 (1) °, respectively. 

Whi le  bond lengths within the C = N - - A r  moieties of 
compounds (2)-(5) are similar, the A r - - C  bond length 
in the A r - - - C ~ N  unit ranges from 1.438 (7),~ in (4) to 
1.475 (2) ~, in (3). Surprisingly, perhaps, these fragments 
are identical in (2) and (3), this similarity extending 
to the bonds in the methyl  and phenyl  substituents. 
This is clearly a consequence of the phenyl  ring in 
(3) being twisted out of plane by 90.4 ° , precluding 
pTr-pTr interactions along C l l - - C l l l .  The substituted 
phenol ring (C1-C6)  is prone to distortion from ideal 
D6h symmetry  in all structures, and in the case of 
C1---C2, this may be related to the formation of the 
s ix-membered hydrogen-bonded ring and to push-pul l  
conjugation between the O atom and the imine function. 

The substituent at C l l  in compounds (2) and (3) 
appears to reduce the angle C 1 - - - C l l = N  [average 
118.2 (2) °] with respect to corresponding parameters in 
compounds (4) and (5) (121.2°). This is l ikely to be 
a steric effect; consistent with this view, C 1 2 - - C 1  l - -  
N13 in (2) and C1 l l - - - C I 1 - - N 1 2  in (3) are significantly 
greater than 120 ° [both 123.4(2)°].  

There appear to be no especial ly significant inter- 
molecular  contacts in either structure. In (2), the mol- 
ecules pack via a classic herring-bone motif, while in 
(3), molecules pair-up via two symmetry-related C3 I 
H - . . O 2  contacts ( H . - . O  = 2 .46A)  disposed about a 
crystal lographic twofold axis. 

Experimental 

Compounds (2) (Cazaux & Tisnrs, 1976) and (3) (Graebe 
& Keller, 1899) were prepared by condensation of aniline 
with the appropriate ketone at 453 K [as described by Graebe 
& Keller (1899)]. Crystals were grown by evaporation of 
alcoholic solutions. 

Compound (2) 
Crystal data 

C I 4 H I 3 N O  C u / C a  r a d i a t i o n  

Mr = 211.26 A = 1.5418 ~, 
Orthorhombic Cell parameters from 103 
Pbca reflections 
a = 5.5431 (5) ,~, 0 = 20-22 ° 
b = 8.9090 (6) ,~, # = 0.62 mm- 
c = 45.893 (4) ~, T = 220 K 
V = 2266.4 (3) ,~,3 Plate developed in (001) 
Z = 8 0.70 x 0.62 x 0.04 mm 
Dx = 1.24 Mg m -3 Colourless 
Dm not measured 

Data collection 
Stoe Stadi-4 diffractometer 

equipped with an Oxford 
Cryosystems low- 
temperature device (Cosier 
& Glazer, 1986) 

2003 independent reflections 
1288 reflections with 

I > 2o'(/) 
Rint = 0.02 
0max = 70.07 ° 

w-0 scans 
Absorption correction: 

~, scans (North et al., 
1968) 
Train = 0.604, Tmax = 0.965 

3454 measured reflections 

h = - 2  ---~ 6 
k = - 1 0  ---, 10 
l = - 4 5  ~ 55 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

Refinement 

Refinement on F (A/o')ma~ = 0.04 
R = 0.060 Apmax = 0.21 e ,~-3 
wR = 0.074 Apmin = -0.25 e ,~-3 
S = 1.089 Extinction correction: 
1288 reflections Larson (1969) 
150 parameters Extinction coefficient: 
H atom attached to O21 102 (17) 

refined freely; H atoms Scattering factors from Inter- 
attached to C iteratively national Tables for X-ray 
re-idealized Crystallography (Vol. IV) 

Chebychev polynomial 
(Carruthers & Watkin, 
1979) 

Table 1. Selected geometric parameters (,4, °) for  (2) 
C 1 ~ C 2  1.409 (3) C4---C5 1.383 (5) 
C I I C 6  1.409 (4) C 5 ~ 6  1.373 (4) 
C I - - C I  1 1.471 (4) CI I---CI 2 1.498 ~4) 
C2--C3 1.389(4) C I I I N I 3  1.291 (3) 
C2--O21 1.349(3) N 1 3 ~ 1 4  1.421 (3) 
C3--C4 1.375 (4; 

C 2 ~  I---C6 117.2 (2) C ~ 5 ~ 6  120.0 (3) 
C 2 ~ 1 - - C 1 1  121.7(2) C 1---C6---C5 121.7 (3) 
C ~ I - - C I  I 121.1 (2) C1- -CI  1 ~ 1 2  118.6(2) 
C 1 - - C 2 ~ 3  120.5(3) C I ~ I I - - N I 3  118.0(2) 
C 1--C2--O21 121.4 (2) Cl2- -C1 l - - N I 3  123.4 (2) 
C3--C2--O21 118.1 (2) C 1 1 - - N I 3 ~ C I 4  121.2(2) 
C2---C3--C4 120.6 (3) N13---CI4---C15 119.7 (2) 
C3~C4---C5 120.1 (3; N13--CI4---C19 121.1 (3) 

Compound (3) 

Crystal data 

CmHjsNO Cu Kc~ radiation 
Mr = 273.33 A = 1.5418 
Monoclinic Cell parameters from 48 
C2/c reflections 
a = 18.339 (3) ,~, 0 = 20-22 ° 

o 
b = 9.642 (1) A # = 0.61 mm -1 
c = 16.323 (2) ,~, T = 220 K 
/3 = 90.26 (2) ° Lath 
V = 2886.3 (7) /~3 0.43 × 0.19 x 0.12 mm 
Z = 8 Colourless 
Dx = 1.26 Mg m -3 
Dm not measured 

Data collection 
Stoe Stadi-4 diffractometer 

equipped with an Oxford 
Cryosystems low- 
temperature device (Cosier 
& Glazer, 1986) 

w--0 scans with learnt-profile 
(Clegg, 1981) 

Absorption correction: none 
2810 measured reflections 
2451 independent reflections 

1978 reflections with 
I > 2o'(/) 

Rim = 0.02 
0max = 70.04 ° 
h = - 2 2 - - ~ 2 2  
k = 0 --, 10 
l = 0 ---~ 19 
3 standard reflections 

frequency: 60 min 
intensity decay: none 
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Refinement 

Refinement on F 
R = 0.044 
wR = 0.048 
S = 1.126 
1978 reflections 
195 parameters 
H atom attached to 022  

refined freely; H atoms 
attached to C iteratively 
re-idealized 

Chebychev polynomial 
(Carruthers & Watkin, 
1979) 

(A/0-)max = 0.007 
Apmax = 0.19 e ,~-3 
Apmin = - 0 . 1 4  e ~ - 3  
Extinction correction: 

Larson (1969) 
Extinction coefficient: 

143 (9) 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Table  2. Selected 

c1--c2 1.409 (2) c3---c4 
C 1----C6 1.402 (2) C4--C5 
Cl---CI I 1.475 (2) C5--C6 
O2---C2 1.350(2) ClI--N12 
O2--H2 0.96 (2) Cl 1---C I I 1 
C2--C3 1.394 (2) N12----C121 
C2---C 1----C6 118.0(1) C3---C4---C5 
C2---C1--C11 121.0(1) C4--C5---C6 
C6---CI--CI 1 120.9 (I) C 1---C6--C5 
C 1---C2--O2 121.9(1) C1--CI l--N12 
C1--C2---C3 120.0(1) C1---Cll---Cll 1 
O2--C2---C3 118.1 (1) NI2---Cll---CI I I 
C2--C3--C4 120.2 ( 1 ) C 11 --N 12--C 121 

geometric parameters (A, °) f o r  (3) 

1.374 (2) 
1.384 (2) 
1.375 (2) 
1.285 (2) 
1.495 (2) 
1.429 (2) 

120.8 (1) 
19.6(1) 
21.4(I) 
18.3 (I) 
18.3 (I) 
23.4 ( 1 ) 
23.0(I) 

Crystals of (2) formed as large plates developed in (001) which 
fragmented into very small shards when cut. The crystal used 
for data collection was thus rather large by normal standards. 
A 1.2 mm collimator was used for data collection. Values 
of Rim for data with I < 20-(/) were very high (1.04 and 
4.49) for both crystal structures. Given this very poor internal 
agreement, these data were omitted from the refinement. The 
range of transmission coefficients determined experimentally 
for compound (2) is at some variance with that anticipated on 
the basis of the dimensions of the crystal. This is attributed to 
the difficulty in measuring the thickness of a very thin plate. 

For both compounds, data collection: DIF4 (Stoe & Cie, 
1990a); cell refinement: DIF4; data reduction: REDU4 (Stoe 
& Cie, 1990b); program(s) used to solve structures: SHELXS97 
(Sheldrick, 1997); program(s) used to refine structures: CRYS- 
TALS (Watkin, Prout, Carruthers & Betteridge, 1996); molec- 
ular graphics: CAMERON (Watkin, Prout & Pearce, 1996); 
software used to prepare material for publication: CRYSTALS. 

We thank  E P S R C  for p rov i s ion  of  a four-c i rc le  
d i f f rac tometer .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1237). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The  X- ray  s t ructure  analys is  o f  the title c o m p o u n d ,  
2 ,5 ,8 ,1  I ,  14-pen taoxabicyc lo[  13 .4 .0]nonadeca-  15( 1 ), 17- 
d i e n e - 1 6 , 1 9 - d i o n e ,  C14H1807, revea ls  that the fused  
qu inone  causes  a s ignif icant  de fo rma t ion  of  the c r o w n  
r ing f rom the expec ted  rec tangu la r  form,  because  o f  
the ser ious  steric repu ls ion  b e t w e e n  the two  ca rbony l  
g roups  and the two ad jacent  OCH2CH2 units.  One  
of  these  units  devia tes  s igni f icant ly  f rom the m e a n  
p lane  o f  the qu inone ,  wh i l e  the o ther  bends  inward ,  
r e m a i n i n g  cop lana r  wi th  the qu inone .  Such  a cons t ra ined  
and fo lded  s t ructure  is ref lec ted  in the abno rma l  sp 2 
bond  angles  (110 and 130 °) o f  one  o f  the b r i dgehead  
qu inono id  C a toms.  

Comment 

The  crystal  s t ructures  o f  c r o w n  ethers  have  r ece ived  
cons tant  a t tent ion in v i e w  o f  the ca t ion -b ind ing  abil i t ies 
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