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Abstract - Variations in molecular conformation and crystal packing are
investigated by systematically altering the substitutents on a molecule
which has two degrees of conformational freedom. The crystal structures of
the heterodisubstituted benzylideneanilines (BA's), p-chloro-N-(p-bromo-
benzylidene) aniline (BrCl) and p-bromo-N-(p-chlorobenzylidene) aniline
{CiBr) have been determined. The conformations of the two molecules are
different from each other but are similar to those found in the crystal
structures of the homodisubstituted derivatives with which they are
isomorphous: p-bromo-N-{p-bromo-benzylidene) aniline (BrBr) and the
orthorhombic form of p-chioro-N-{p-chloro-benzylidene)aniline (CICH)
respectively. Because of this isomorphous relationship it is concluded that
the substituent on the benzylidene ring plays a crucial role in determining
the packing mode of the structure.

The utilization of the organic solid state as a reactive medium or for specific physical properties
depends upon our ability to predict or predesign the packing mode and molecular conformation of the
component molecules of the solid. A great deal of progress has been made recently, especially by
combining a number of experimental and computational techniques!®. One viable approach to the study
of the relationship betweeen crystal forces and molecular conformation involves the investigation of
conformational polymorphs!® of a particular substance. Since no chemical modifications are made in
such systems the only variable on going from one polymorphic structure 1o another is the crystal
environment. By thus limiting the number of experimental variables one is able to extract the
maximum amount of information on the energetics of the different crystal environments and their

influence on molecular conformation from computations of crystal energetics on the various
polymorphs2:3. A natural extension of the study of the interplay betweeen crystal forces and molelcular

conformation is to investigate the role of a substituent in determining simultaneously how a molecule
packs in the crystal and its molecular conformation. This can be done by systematically varying the
substituents on a2 molecule which has a limited number of conformational degrees of freedom and
studying the resulting differences in crystal structure and molecular conformation. As part of our
continuing study of the relationship between crystal forces and molecular conformation, we have been
carrying out a systematic investigation of all the compounds of type (I), in which there are essentially
two conformational degrees of freedom: the rotations about the N-phenyl and CH-pheny! bonds.

R CH‘
“OR' R,R' = Cl, Br, CH,
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Nine chemically distinct molecules may be obtained from all the possible combinations of R and
R, some of which crystallize in polymorphic systems (e.g. R=R'=CHj [trimorphic], R=R'=Cl
{dimorphic])4, while several members exhibit isomorphous crystal structures (e.g., R=CH3, R'=C}, or
Br; R=Cl or Br; R'-CH3)5 . No polymorphism has been found for the latter group of four compounds
and there is no evidence of any isomorphism between these four cases and any of the
homodisubstituted derivatives. Since the van der Waals radii of the substituents are similar, the
polymorphism and isomorphism suggest that the polarizability of the substituents plays a dominating
role here.

The two heterodisubstituted derivatives which do not contain methyl groups, R=Cl, R'=Br (CIBr)
and R=Br, R'=Cl (BrCl), are not isomorphous; however, the former is isomorphous with the
ortharhombic form4® of the dichloro analogue (R=R'Cl) (CICI), while the latter is isomorphous with
the dibromo analogue (R=R'=Br) (BrBr)5. The relationship between these two heterodisubstituted
derivatives shows that a simple change in the nature and mode of substitution can lead from one crystal
structure to another, with accompanying conformational changes. The full crystal structures of the two
compounds reported here reveal the details of the similarities and differences among these structures and

those reported earlier.
Molecular G y. Atomic bering for both molecules (Fig. 1) is consistent with the previously
C—GC;
7 N
Br,Cle—C, Cy=—X
\c‘= Cs/ X crBr

Figure 1. Atomic numbering for both compounds.

reported isomorphic structures of BrBr5 and CICI4b. Bond lengths and bond angles are compiled in Table 1.
Molecular dimensions are compatible within experimental error with those obtained for the latter two compouns except

Table 1. Bond lengths (A) and bond angles (°)

BrCl CiBr_
C(1H-C(2) 1.395(5) 1.370(9)
C()-C(3) 1.369(6) 1.40 (1)
C(3)-C4) 1.400(7) 1.39 (1)
C(4)-C(5) 1.388(5) 1.40 (1)
C(5)-C(6) 1.382(5) 140 (1)
C(6)-C(1) 1.379(4) 1.377 9)
Br-C(1) 1.903(4) 1.880(8)
CI-C(1) 1.713(8) 1.74(2)
C4)X 1.429(5) 1.44(1)
X-X 1.268(4) 121(1)
C(1)-C(2)-C(3) 118.5(3) 117.3(6)
C)-C(3)-CW) 121.8(3) 122.5(7)
C(3)-C(4)-C(5) 118.2(4) 117.9(7)
C(4)-C(5)-C(6) 120.8(3) 120.2(7)
C(5)-C(6)-C(1) 119.6(3) 119.2(6)
C(6)-C(1)-C(2) 121.0(3) 122.7(6)
Br-C(1)-C(2) 122.3(2) 118.2(5)
Br-C(1)-C(6) 116.7(3) 119.1(5)
CL-C(1)-C(2) 113.2(3) 118.6(8)
CI-C(1)-C(6) 125.7(3) 118.7(7)
C@érX-X 1224(3) 121.6(7)
C(3)C@)-X 118.2(3) 121.6(7)

C(5)-C(4)-X 123.6(4) 119.9(6)
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for the geometric features about C(1) which are influenced by the substitutional disorderS. The bond lengths for theC(1)
substitent are consistent with those for a benzene substituted with a chlorine atom? and for benzene substituted with a
bromine atom!0, The internal angles at C(1) are 120.0(3)° and 122.7(6)° for BrCl and CIBr respectively, which, in
spite of the lowered precision due to the disorder, are compatible with those in BrBr (120.4°) and the average (121.3°)
in the dimorphic CICI system. The presence of the substitutional disorder and the model used in the refinement also
lead to a deviation of the exocyclic angles from the nominal value slightly exceeding 120° due to the presence of
electronegative substituents3. Becanse the standard deviations for these angles are larger than for the rest of the atoms
in the ring, it seems that the deviation is an artifact of the refinement.
The mode of substitutional disorder observed in BrCl was observed also in CIMe (I, R=Cl, R'=CH3) and in its
contrasubstitutional analogue MeCl (I, R=CH3, R'=Cl)!! in which molecules were also located on a center of
symmetry (Scheme 1b) but not in the BrBr structure or is the triclinic polymorph of CIC], which are

homodisubstituted. The molecule of CIBr is the first among the heterodisubstituted group which is located on a

two-fold axis and exhibits this kind of disorder (Scheme 1a), thus distinguishing it from the isomorphous CICI
structure.

O e Oy
Oy

Scheme 1. Orientational disorder is possible as a result of the presence of heteroatoms in the bridge and
heterosubstitution in the para position. If statistical, it may be accompanied by a crystallographic element of symmetry:
a twofold axis perpendicular to the plane of the paper as in (a) or by a center of symmetry as in (b).

Table 2 gives the best planes for the aromatic rings and the four central atoms of both molecules. The four bridge
atoms comprise a planar group in BrCl (plane 2), while in CIBr they lie within 0.21A of their best plane (plane 4).
The rotations of the aromatic rings about the exocyclic single bonds are the essential features of the molecuiar
conformation. The angles of rotation are 2.1° in BrC! and $25.2° in CIBr4®. The essentially planar conformation of
BrCl is similar to that found in the isomorphous structure BrBr, while the non-planar conformation of CIBr is
similar to that found in the CICI orthorhombic polymorph, but differs from the planar conformation in the triclinic
CiCl.

Ab initio calculations on unsubstituted BA's12 indicate that the conformation in which the twist angles about the
exocyclic bonds are of equal magnitude but opposite sign is favored over the planar conformation by ~ 0.2 kcal/mole,
which is the order of magnitude of the stabilization energy of C1Br over BrCl, but both molecules are unfavorable
relative to the molecular conformation that approximates the lowest free molecular energy!3. Hence in the present
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Table 2. Best planes Equation of some best least-squares planes in the form
Ax+By+Cz4D = 0, where x,y.z are fractional coordinates. Deviations (A) of relevant
atoms from the plane aregiven; e.5.d.'s of deviations in parentheses.

A B C D

BrCl Plane 1 C(1)-C(6) 0.031 0451 0.892 1.044
Plane 2 C(4)-X-X'-C(4) -0.041 0481 0.876 0.740
CIBr Plane 3 C(1)-C(6) -0.245 0.348 0.905 4.654
Plane 4 C(4)-X-X'-C(4") 0. 0. 1. 4.823

Plane 1 Blape 2 Blape 3 Plage 4
C(1) 0.001(4) -0.037(4) -0.005(5) 0.086(5)
c2) 0.001(4) 0.013(4) -0.006(7) 0.578(7)
c3) 0.000(4) 0.031(4) 0.024(7) 0.550(7)
C4) -0.004(4) 0.0 -0.023(6) -0.018(6)
C(5) 0.006(4) -0.040(4) 0.012(7) 0.478(7)
C(6) -0.004(4) 0.071(4) 0.005(6) -0.438(6)
Be -0.020(3) -0.085(3) 0.112(7) 0.050(7)

Cl 0.116(8) 0.058(8) -0.072) 0.07(2)
X -0.027(3) 0.0 0.073(7) 0.021(7)
c1) -0.032(4) 0.037(4) -0.141(5) 0.086(5)
C(2) -0.033(4) -0.013(4) 0.749(7) 0.578(7)
Cc(3) -0.031(4) 0.0314) 0.67(7) 0.550(7)
C@4) 0.0284) 0.0 -0.311(6) -0.018(6)
C(5) 0.0374) 0.040(4) -1.178(7) -0.478(7)
C(6) -0.028 -1.097(6) -1.097(6) -0.438(6)
Br -0.012(3) 0.089(3) -0.100(7) 0.05%(7)

cr -0.147(8) -0.058(8) -0.09(2) 0.07(2)
by -0.004(3) 0.0 -0.337(7) 0.021(7)

structures the lattice must supply energy for the stabilization of the energetically unfavorable conformations
observed2:3,12,13,

The most intriguing point about this pair of structures is the fact that a simple reversal in the location of the
chlorine and bromine substituents results in the significant change in the crystal structure accompanied by a change in
the molecular conformation. The resulting isomorphism with the homodisubstituted derivatives indicates that it is the
substituent on the benzylidene ring which plays the most impostant role in determining the crystal structure. Otherwise
we might expect a reversal in the space groups for BrCl and CIBr, or in fact space groups different from those
observed for BrBr and CICI. (Although CICI also crystallizes in a triclinic form, we have not detected crystals of
CI1Br which are isomorphous with it.) The substituent on the aniline ring must be more polar and/or smaller than a
methyl group for this effect to be seen, since BrMe and ClMe do not crystallize (as far as we know) in the BrBr or
CICl structures, as might be expected from the pair of structures reported here.

The packing of the molecules gives some clue to the basis of the importance of the substituent on the benzylidene
ring in these structures. The structures are shown in Figure 2 and intermolecular distances are presented in Table 3.

Both structures exhibit regions of halogen...halogen contacts altemnating with regions of hydrocarbon contacts. These
distances must be viewed with some caution, due to the presence of disocder, which is assumed to be totally random,
but there is some information here nonetheless. Most of the noteworthy intermolecular distances are concentrated in the
region of the halogen substituents which can be clearly seen in the stereo figures. The Br...Br distance (3.689(S) Ayin
CIBr is significantly shorter than the corresponding distance in BrCl (3.840(3) A) and both of them are slightly
shorter than the sum of the van der Waals radii. In both compounds the CL...Cl distance (3.81(3) A) is longer than the
sum of the van der Waals radii in both compounds, while the Br...Cl coatact in BrCl (3.547(7) A) is shorter than any
of the corresponding intermolecular distances in CIBr. These trends reflect the directing power of the substituents in
determining the crystal structure and the accompanying molecular conformation.
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Figure 2. Stereo packing diagrams of CiBr (top) and BrCl (bottom). For ease in comparison, in both cases the
is on the best plane of the four atoms C{4)-X-X"-C(4') comprising the bridge between the two rings.

Table 3. Intermolecular distances

BrCi
Atom pair Translation along Distance (A)
4 b <
Br..Brl 2 1 2 3.840(3)
a..cl 2 1 2 3.806(9}
Br..cll 2 o0 2 35477
Br. H)! 2 0o 2 3.1403)
LA 2 0 2 318 (3)
Symmetry: I 172-x, 1/24y, -2
ClBr
Br...Brl 0 0 1 3.68%(9)
Br...Belll 0 1 1 3.86 (1)
Br..Brll 0 o 1 3.986(8)
c.citl 0 1 1 381(3)
Br..cll 0 o0 1 3812
Br.,.cillt ¢ 1 0 381(2)
Br..cll 0 1 1 381()
Br..cill 0 -1 1 394 (2)
pr..Cel ] 1 0 374 (9)
Br..C6)! 6 0 1 3779
Br. H(6)! ] 1 1 317
Br.. H(6)! o 0 1 328(D
(). Hyt ] 0 1 2.54 (6)
C(2)..H)Il 0 1 1 2.82 (6)
C(6). 1l 0 1 1 2.74 (6)

Symmetry: I -x,-y.-1; I -x, W24y, 1222, 11 x,1/2-y, 1242




1304 I. BAr and J. BeErnSTEIN

Experimental. BrCl was prepared by condensation of p-bromobenzaldehyde and p-chloroaniline while CIBr was
prepared by condensation of p-chlorobenzylidene and p-bromoaniline. Both compounds were crystallized from ethanol
{m.p. 3920K, 390°K respectively). Cell dimensions for BrCl and CIBr are based on least squares refinement of fifteen
reflections with 839<28<110° (Cu Kux) and 40°<20<80° respectively. Crystal data are summarized in Table 5.

Table 5, Crystal Data

BrCl LiBr
Cy3HgBICIN

a2 (A) 24.692(2) 24.880(10)
b 5.912(1) 6.3752)
c 402 7.436(2)
) 92.10(1)
V(AY) 586.73 1180.16
D, (Mgm3) 1.67 1.66
Space group P2a Peen
z 2 4
# (CuKar) (em 1y 6212 62.40
M, 294.59 294,59
F(000) 292 584
Total number of
intensities measured 1213 2269
Total intensities with
1>2.00(1) 984 906
R 0.062 0.079
Ry 0.070 0.091

Intensities for both compounds were collected on & Syntex automated diffractometer with & 6:26 scan and scan rate
varying from 2° 10 24° min-! as determined by a rapid prescan of the peak intensities. Data were corrected for Lorentz
and polarization factors, but not for absorption due 10 the nearly equal dimensions of the data crystals.

Comparison of the cell parameters and structure factors for BrCl with those of earlier determined structures
suggested isomorphism with BrBr> and trans-p,p'-dibromo- azobenzene®, The molecule thus occupies site symmetry 1,
which requires orientational disorderS; hence the scattering factor of the two atoms at the bridge was taken to be the
average of carbon and nitrogen by located one atom per block with *tied” positional and temperature factors” and
occupancy of 0.5 for each atom,

Because of the substitutional disorderS, the bromine atom was assigned occupancy of 0.5 also was assigned an
occupancy of 0.5. A trial structure based on the coordinates of BrBr and the above considerations yielded R=0.25 for
relfections with 5in8/A<0.4. The difference map revealed a new peak in the vicinity of Br, suggesting that this is the
chlorine (1/2 Cl). the refinement was continued, first with isotropic temperature factors to an R of 0.098 for all data.
Expected hydrogen atom positions were calculated from geometric considerations and included in the final cycles of
refinement with fixed isotropic temperature factors for all heavy atoms with bond length constraints for the disordered
substituent atoms. The refinement converged at R=0.062 (0.064 including unobserveds) R,,=0.070, exicuding five
refelctions which showed signs of extinction, The hydrogen atom of half occupancy on the bridge was not located.

Cell dimensions of CIBr are very similar to those of the orthorhombic form of CICI®. The structure faciors of the
two structures also show consistent corrrespondence, suggesting that they are isomorphic. The presence of four
molecules in the unit cell and the isomorphism with CICI implies disorder about the two-fold axis; therefore the
scattering factor of the X atoms was taken s for BrCl.

A difference map based on the coordinates of the atoms from the CICI structure revealed an additional peak in the
vicinity of the chlorine atom, which is the bromine with 0.5 occupancy. The final strucutre based on these considuau:ons
and anisotropic temperature factors for all heavy atoms yielded R=0.089 for all data. Expected hydrogen atom positions
on the ring were calculated from geometric considerations and included in the refinement with a fixed isotropic
temperature factor. At this stage a difference electron density map showed a peak of 0.29 eA-3 ar the chemically gxpecwd
position of the disordered hydrogen on the bridge. The final stage of the refinement, in which the hydrogen was included

with half occupancy and bond constraints were applied for the substi atoms resulted in R=0.079 (0.083 including
unobserveds), R, =0.091.
Final positional p for both compounds are given in Table 6. Temperature factors and structure factors have

been deposited. Scattering factors were taken from the International Tables for Crystallography3.
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Table 6. Atomic coordinates (x104 for non-hydrogen atoms and

x103 for hydrogen atoms)

X Y 4
BrCl
Br* 7979(1) 6205(4) 9161(9)
cle 7956(3) 5587(8) 9076(23)
X 9749(1) 0195(6) 4770(8)
c() B513(1) 4143(5) 7803(9)
c@) 8384(1) 2092(7) 6255(10)
Cco) 8798(2) 0719(6) §320(11)
C4) 9342(2) 1321(5) 5874(9)
C(5) 9457(1) 3366(7) 7442(11)
C(6) 9045(1) 4785(7) 8380(10)
H(2) 798(1) 163(6) 593(11)
HQ3) 879(2) -064(5) 377(8)
H(S) 985(1) 371(5) 755(11)
H(6) 910(1) 628(4) 936(10)
CIBr
Br 0388(2) 1672(9) 6552(10)
Ci* 0424(6) 1841(27) 6585(32)
X 2268(3) 7785(12) 6513(9)
c 0963(2) 3584(10) 6601(7)
CcQ) 1447(3) 2910(11) 7262(9)
Cc3) 1876(3) 4333(11) 7225(10)
C@) 1832(3) 6312(11) 6461(8)
C(5) 1325(3) 694%(12) 5843(9)
C(6) 0980(3) 5560(11) 5896(8)
H(2) 134(3) 218(11) 848(8)
HQG) 22003) 378(11) 784(9)
H(5) 128(3) 851(9) 576(9)
H(6) 058(3) 618(11) 549(9)
HX®* 225(6) 927(15) 680(17)

* Occupancy of 0.5; X=(C+Ny2
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