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Abstmt - Variations in moJecuJar conformatko and crystaJ paching are 
investigated by systmnatically altering tJte substitutentt on a molecule 
which has two dqpees d cmfonnationnl free&m ‘Ihe crysul sm+nua of 
the hmemdisubstituted benxylidmeanihnea (BA’s), p-cbJoroN+-bmmo 
brnxyJidene) aniline (BrCI) andfAmmo-N-@chlombensyline) aniline 
(Cl&) have been demrmined. The cooformations of the two nXsJecuJea am 
dJffemn1 from each other but are sJmJlar to those found in tJm ctystal 
stmctures of the ho~su~titu~ derivatives with which they are 
isomorphous: p-brormFN-@-bmmo-bcnzylidene) aniline (IJrBr) and the 
o&o&ombJJ form of p-chloro-N-@-chloro-~yIidene)aniline (CICI) 
respectively. Because of this Jsomomhous relationship it is concJuded that 
the substitunnt on the bmxylidenc ring plays a crucial role in determining 
me packulg mode of the 6tructum. 

The utiJJr.ath~~ of the organic solid state as a reactive medium or for spccifrc physical pruprties 

depends upon our ability to JuedJct or JmAesign the packing mcdn and tmJecular conformation of the 

CompaMIt mOJec&s of bw! solid. A great denJ of progmas has been made recently, especially by 

combining a number of exprimanaJ and computationaJ technique& One vJaJk approach to tJie study 

of tk ~Jati~nsJtip betweean cry&J forcs and molecular conformaGo involves the investigad~ of 

conformational pnlymoepbsJb of a particular substance. Since no &emJcaJ nuxlifmations ammadeJn 

such systems the only variable on going from one polymorphic structure to another is the crystaJ 

environment. By thus limiting the number of expetimental varJabla one is able to extract the 

maximum amount of information on the energetics of the dJffemnt crystal envhonments and their 

influence on molecular conformation from computations of crystal energetics on the various 

po~ymorphs2.3. ,4 nanuaJ e~tensioti of the study of the interplay betwosen ciysral fames and mokiculat 

conformation is to investigate the mJe of a substituent in determbnng simuhaneously bow a moJecuk 

pxks in the crystal and its molecular conformatJon. This can be done by systematicahy varying the 

substituents on a mofecule whkh has a Jim&d number of confnmationat degrees of freedom mtd 

studying the resuiting diffmmtzs in crystaJ sauctum and moJecular ~f~ation. As part of our 

cominuing study of the reJatJnnshJp Jmtwem aystal forces and mo*cuJar conformation, we have been 

carrying out a systematic invatigatim of all the compounds of type (I), in which thee am asentiaUy 

two ConfommknaJ &gmos offmedonr the rotations about the N-phenyl md CH-phmyl bcods. 

R u- CH b - N 0 R R,R’ I Cl, Br, cn, 
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Nine chemically distinct molecules may be obtained from all the possible combinations of R and 

R’, some of which crystallke in polymorphic systems (e.g. R-R’-CH3 [trimorphic], R-R-Cl 

IdimorphicI)4. while several mmbers exhibit isomcrphour crystal structures (e.g., R-CHJ, R-Cl, or 

Br; R-Cl or Br; R-C?@. No polymorphism has been found for the latter group of four compounds 

and there is no evidence of any isomotphism between these four cases and any of the 

homodisubstituted derivatives. Since the van der Waals radii of the substituents are similar, the 

polymorphism and isomorphiam suggest that the polariaability of the substituents plays a dominating 

tok here. 

The two heterodisubstituted derivatives which do not contain methyl groups, R-Cl. R’-Br (CIBr) 

and R-Br, RI-Cl (BrCI), are no( isomcrphous; however, the former is isomorphous with the 

mthmbombic form4h of the dichkm anakgue (R-R-Cl) (CICI), while the latter is isomorphous wim 

the dibromo analcgue (R-R’-Br) (BrBrp. The relationship between these two heterodisubstituted 

derivatives shows that a simple change in the natum aml m&a of substitution can lead from one aystal 

structure to an&e& with xcompanying confcrmational changes. The full crystal structures of dte two 

comp0utud.s repcrkd hem reveal the &tails of the similarities and differences among these stmc~ures and 

dime reported earher. 

Molecular Gcomerry. Atomic numbering for both mokcuks (Fig. 1) is consistent with dte previously 

Cl’.Br’ 

Figure 1. Atomic numbering for both compamda. 

reported isomorphic structures of BrBrS md CICI 4h. Bond lengths and bond angles are compiled in Table 1. 

Mokcular dinxnsions are compatibk within experimental arm with those obtaiced for the latter two compounds except 

Table 1. Bond kngths (A) and bond angler (“) 

awm 
CGPC(3) 
C(3)c(4) 
C(4)c(S) 
C(VC(6) 
C(6)CO) 
BrC(I) 
Cl-C(l) 
C(4)_X 
X-X 

BrCl 
1.395(S) 
1.369(6) 
1.4oocI) 
1.388(S) 
1.382(S) 
1.379(4) 
1.903(4) 
1.713(8) 
1.429(S) 
1368(4) 

C(l)C(2)c(3) 118.5(3) 
C(2)C(3)c(4) 121.8(3) 
C(3)c(4)c(5) 118.2(4) 
C(4)c(PCo-C( 120.8(3) 
C(5>c(6)C(H 119&S) 
C(6)C(l)C(2) 121.0(3) 
RrC(ltCCZ) 122.3(2) 
BrC(PC(6) 116.7(3) 
Cl-C(I)-C(2) 113.2(3) 
CLC(I)-C(6) 125.7(3) 
C(4)X-x 122.4(3) 
C(3)-C(4)-X 118.2(3) 
C(S)C(S)-x 123.6(4) 

1.370(9) 
1.40 (1) 
1.39 (1) 
1.40 (1) 
1.40 (1) 
1.377 (9) 
1.88q8) 
1.74(2) 
1.44(l) 
1.21(l) 

117.3(6) 
122.5(l) 
117.90) 
120.2.(l) 
119.2(6) 
122.7(6) 
118.2(5) 
119.1(5) 
118.6(8) 
118.7(7) 
121.6(7) 
121.6(l) 
119.9(6) 
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for ths geomebk featurea about C(1) whkh me influsnced by dse subsdtutkoal disor&. The bond kngdu fm d=C(l) 

substituem ate cc&stem with dtctae for a benzene substituted with a chlorine atom9 pad for bettr.e~ S~bStbd ~4th a 

bromine atomlo. The inremal angler at C(1) PC 120.0(3)” and 122.7(6)’ for BrCl and ClBr respectively. which, in 

spik of the lowaed tnecision due to the disadm, n compatible with those in BrBr (120.4O) and the avqe (121.3’) 

in the dimaphii CICI system The pmaetxe of dat substitutional diumkr and the IX&I used in the tefuKnumt also 

lead to a deviation of the exocyclk angks from the nominal value slightly eaceediq 12&F due to the p- of 

elamwgative substituents9a. &cause dse sudad deviatiom for these angla n latger dtan for the test of the atoms 

inthcring,it-lhatIhe&viruionispnMifaaoftherrfmunuu. 

Tk mode of substitutional disc&x observed in BrCl was observed also in Clhle (I, R-Cl, R’-CH3) snd in its 

contrasubstitutional analogue MeCl (I, R-CH3, R’-Cl) t) in which molecules were also located on a center of 

symmetry (Scheme lb) but not in the BrBr structure or is the triclinic polymorph of CICl, which are 

homodisubstituted. The mokcule of ClBr is the fust among the hrrcmdisubstituted group which is located on a 

two-fold asis and exhibits this kind of disorder (Scheme la), thus distinguishing it from the isonmrphous CICI 

SlNCllUt. 

02) 

Scheme 1. Orientational disorder is possible as a result of the pmsence of heteroatoms in the bridge and 
hetemsubstitutico in dtepva position. If statistkal. it may be Iccompylied by a crystallographk ekment of rymmm~. 
aOvOfoldvrispapndiculvtoIheplaneofchepspuain(a)orbyacentaofsyMnevyain(b). 

Table 2 gives the beat planes for the aromatic rings and the fwr central atoms of both mokcuks. The four bridge 

atoms umq&e a plenar group in BrCl (plane 2), while in ClBr they lie withii 021A of their best plane @lane 4). 

The rotations of the aromatic rings about dte exocyclic singk bonds are the essential features of the molecular 

ccnformation. lbe angles of m&at are 2.1° in BrCl and f25.2” in ClBr4b. The essentially planar conformation of 

BrCl is similar to that found in dx isonsxphous structure BrBr, while the non-planar conformation of CtBr is 

similar to that found in the CICI orthorhombic polymcxph, but differs from the planar conformation in the triclinic 

CICI. 

Ab initio calculations on unsubstitmed BA’sl2 indicrte that the confcrmatkn in which the twist angla about the 

exocyclic bonds am of equal magnitu& but opposite sign is favomd over dse planar conformation by - 0.2 kcabmok 

which is the order of magnitude of the stabilisation energy of ClBr over BrCI. but both n~~kcules am unfavorabk 

relative to the molecular conformation that approximates dw lowest free molecular mergyt3. Hence in the present 
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Table 2. Best planes Equation of some beat krst-squares planes in the form 
Ar+ByiCz+D - 0. where x,y,.y.r n fre&oat umrdinaka. ~eviatums (A) of tnkvant 
atoms fmm the plane aregiven; e&d’s of deviations in paren&aea. 

BrCl 

ClBr 

A B C D 
Plane 1 C(l)-C(6) 4.03 1 -0.451 0.892 I.044 
Plane 2 C(4)-x-X-C(47 -0.041 -0.481 0.876 0.740 
Plane 3 C(l)-C(6) -0.245 0.348 0.905 4.654 
Plane 4 C(4)-X-X-C(4) 0. 0. 1. 4.823 

C(l) 
c(2) 
c(3) 
C(4) 
C(5) 
C(6) 
Br 
Cl 
X 
C(l) 
cm 
C(3) 
C(4) 
C(5) 
463 
Br 
Cl’ 
x 

O.oOl(4) 
O.Ool(4) 
O.ooo(4) 

-0.9@4(4) 
0.006(4) 
-0.034(4) 
-0.02qs) 
0.1 lq8) 

-0.027(3) 
-0.032(4) 
-0.033(4) 
-0.031(4) 
Jxr28(4) 
-0.037(4) 
-0.028 
-0.012(3) 
-0.147(8) 
-0.004(3) 

-0.037(4) 
0.013(4) 
0.031(4) 
0.0 

-0.04q4) 
-o.O71(4) 
-OLQ?9(3) 
0.058(8) 
0.0 
0.037(4) 

-0.013(4) 
x).031(4) 
0.0 
0.040(4) 

-1.097(6) 
0.089(3) 

’ . 0.0 

-o.WS(S) 
-0.W) 
0.024(7) 

4).023(6) 
0.012(7) 
0.005(6) 

-0.112(7) 
-0.07(2) 
0.073(7) 

-0.141(5) 
0.749(7) 
0.67q7) 

-0.311(6) 
-1.178(7) 
-1.097(6) 
-0.lOq7) 
-0.09(2) 
-0.337(-l) 

O.W5) 
0.578(7) 
OJso(7) 

-0.018(6) 
-0.478(7) 
-0.438(6) 
0.05q7) 
0.07(2) 
0.021(7) 
0.08q5, 
0.578(7) 
OS5q7) 

x).018(6) 
-0.4780) 
-0.438(6) 
0.05q7, 
0.07(2) 
0.021(7) 

structures the lattice must supply energy for the stabiliaatico of the energetically unfavorable conformations 

observ&3.12.13. 

The MS1 intriguing point about this pair of structures is the fact that a simple reversal in the location of the 

chlorine sod bromine substituents results in the signiticant change in the crystal structure accompanied by a change in 

the molecular conformation. The resulting isomorpbism with the homndisubstituted derivatives indicates that it is the 

substitucnt on the benzylidene ring which plays the meet imponvlt role in dctecmining the crystal structure. Otkwise 

we might expect a reversal in the space groups for BrCl and Clltr, or in fact space groups different from those 

observed for BrBr and CICI. (Althcugh CICI also crystalliaes in a triclinic form. we have not detected crystals of 

ClBr which are isomo@ous witb it.) The substituent cm the aniline ring must be more polar an&or smaller than a 

methyl group for this effect to be seen, since BrMc and ClMe do not crystaUiae (at far as we know) in the BrBr ot 

ClCl suuctures. as might be expected from the pair of structuu~s reported here. 

‘the packing of the molecules giva some clue to dx basis of the importance of the substituent co the benzylideoe 

ring in these structurea. The st~ctums ate shown in Figur 2 sod inteonokcular distances are presented in Table 3. 

Both suuctures exhibit regions of halogen...halogen contacts ahanating with regions of hydrocarbon Conlacts.~e~ 

distances must be viewed with some caution, due to the presence of dis&er, which is a.%s~nted to be toUf)y random 

but there is some information here noc&&ss. Most of the noteworthy kt~~okcukt distances are concentrated in Ihe 

region of the halogen substituenta which can be clearly seen in the stereo figurn. The Br...Br distance (3.689(9) A) in 

ClBr is significantly shorter than the corresponding distance in BrCl (384q3) A) and both of them tie slkhtb’ 

shorter than the sum of dte van der Waab radii. In both compcunds the CI...CI distacce (3.81(3) A) is longer than rhe 

sum of dx van & Waak radii in both compounds, while the Br...CI contact in B&1(3.547(7) A) is shaner lhan anY 

of the corresponding intermokcul~ distances in CIBr. These trends reflect the directing power of the substituenu in 

detemIiniig the crystal snucture and the rconlpanying molecular confonndon. 
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Figure 2. Stereo packing diagrams of ClBr (top) and BKI (bouom). For ease in comparison, in both casw the 
is on fhe best plane of the four atoms C(4)-X-X-W’) comprising the bridge behw-en the wo rings. 

Atompair 

BLBrf 
Ct..& 
Bf...QI 
BLJ-ICL)~ 
CLH(2)’ 

Trenslatim ahtg lxstana? (A) 

(t 5 E 

2 i 2 3.a40(3) 
2 1 2 3.806(9) 
2 0 2 3.547(7> 
2 0 2 3.14 (3) 

2 0 2 3.18 (3) 

symfnetly: I It.?-& 1R+y, -I 

LuiL 
BLBJ 0 0 1 
Br...B@ 

3.689(9) 
0 1 1 3.86 Br...BP (1) 0 0 1 

Cl...CP 
3.986(s) 

0 Bf...ClfI A 1 3.81(3) 0 1 

Br...Q’f~ 
3.81(2> 

0 1 0 3.81 Bf...CY 0 1 1 3.81 (2) 
BLCG 0 -1 3.94 (2) 

BL..C(~)~~ 0 

Br...C@ 0 A 
: 3.74 cz) (9) 
I 

Br..H(cQ1 
3.77 (9) 

0 1 t 3.17 EL.H(~)~ 

0” 

0 I 3.28 (7) 

C(lwwP~ 0 1 
c(2)...H(2)n~ 

2.54 (7) (6) 
0 1 1 

C(6f..J@I 
2.82 (6) 

0 1 I 2.74 (6) 

Symmetry: I -.r,-y,-I; II .x, l&y, I/2-z; 111 x$2-ys IR+x 
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Exoenmenlal. BrCl was prepared by condensation of p_bromobenraIdehyde and p-chloroaniline while ClBr was 
prepared by condensation ofp-chlomImnxylii and pbrotmanIIii. Both compounds were crystallied ftom ethanol 
(mp. 392oK 390°Krespsctively). Cell dimensions for BrCl and CiBr am based on least squares mfmement of ftiteen 
reflections with 83Oc28-z 1 10° (Cu Ku) and 40%2fk80° respectively. Crystal data are summariaed in Table 5. 

Table 5. Crystal Data 

I 

C13W3~~ 
a (A) 24.692(2) 24.88qfO) 
b 5.912(l) 6.379(2) 
c 4.022 7.436(2) 

W) 92.10(l) ___ 

v(A3) 586.73 
Dx (W~rn-~) 

1180.16 
1.67 1.66 

SPacJa gnxtP P2,ta PCC!i 

2 2 4 

~KZuKa) (cm~‘t 62.72 62.49 

F&Q) 

294.59 29459 

292 584 

Total number of 
intensities measured 1213 2269 

Total intensities with 

I>Z.Oo(I) 984 906 

R 0.062 0.079 
R, 0.070 0.091 

Intensities for both compounds were collected on a Syntex automated diffractometer with a 828 scan and scan rate 

varying from 2* to 24“ mitt-1 m determined by a rapid prescan of the peak intensities. Data were cotrected for Lorents 
and polarixation factas, but not for absorption due to the nearly equal dimensions of the data crystals. 

Comparison of the ceil parameters and structure factors for BrCl with those of earlier determined structures 
suggested isomenphiim with BrBG and tram-@-dib- arobenaene6. The molecule thus occupies site symmetry I, 
which tequhes orientationaI disorde& 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’ poMonaI and temperature factors’ and 
occupvlcy of 0.5 far each atom. 

Because of the substitutional diiorde@, the bromine atom was assigned occupancy of 0.5 also was assigned an 
occupancy of 0.5. A trial structure based on the coordiuates of BrBr and the above considerations yielded R-O.25 for 
relfstions with sin8&9.4. The diffemnce map revealed a new peak in the vicinity of Br, suggesting that this is the 
chlorine (la Cl). the refinement was continued, fkst with isotropic ~rn~~~~ factors to an R of 0.098 for ah data. 
Expected hydrogen atom positions were calculated from geometric considerations and included in the final cycls of 
refnement with Bred Isotropic temperatute factors for aII heavy atoms with bond Iength constraints far tbe disordered 
sub&tent atoms. The refinement converged at R-O.062 (0.064 including unobserveds) R,-0.070, exlcuding five 

RfelCtions which showed si8ns of extinction. The hydmgen atom of half occupancy on the bridge was not located. 
Ceil dimensions of CIBr are very similar to those of the o~~hombic form of clctdb. The structure faetots 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 ClCl implies disorder about tbe two-fold axis; therefore the 
scattering factor of the X atoms wat taken 1s for BrCl. 

A difference map based on the coordinates of the atoms from tbe CICI Structure revealed an additional peak in the 
vicinity of the chlorine atom, which is the bromine with 0.5 occupancy. The tinal StWUort based on these considerations 
and anisotropic temperature factom for aI1 heavy atoms yielded R-0.089 for alI data. Expected hdwen atom Pitions 
on he ring were calculated from geometric considerations and included in the refinement with a fixed iSOUOpiC 
temp?ratun firtor. At thii scape a diiference eIcctrtm density map showed a peak of 0.29 eAm3 at the chM&dY expected 
p&ion of the disordered hydrogen on the bridge. The final stage of the refiotment in which the hydrogen was inchided 
wirh half occupancy and bond constraints wen applied for the substituent atoms rsulted in R-0.079 (0.083 mCIudin8 
unobserveda), R,-0.W. 

Final positIonal pmmrs for both compounds are given in Table 6. Temperatme factors and structure fac%ors have 
been deposited. Scattering factors wem taken from the International Tables for C~~l~~~. 
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Table 6. Atomic c- (a lti fcx ncd%hykogen atoms and 
xld for hydrogen atosns) 

BrCl 
BP 
a* 
X 

C(l) 
CO) 
CO) 
a41 
cisj 
C(6) 
H(2) 
H(3) 
H(5) 
H(6) 

ClBr 
BP 
Cl* 

&, 
C(2) 
Cm 
C(4) 
C(5) 
C(6) 

I Y 

~WU 
7!J56(3) 
9749( 1) 
8513(l) 
8384ii j 

8798(2) 
9342(2) 
9457(l) 

9045(l) 
798(11 
879i2j 
985(l) 

910(l) 

0388(2) 

0424(6) 
=w3) 
t-63(2) 
1447(3) 
187q3) 
1832(3) 
132x3) 

@w3) 

6205(4) 
5587(S) 

0195(a) 
414X5) 

20=x7) 
0719(6) 
1321(5) 

3366(7) 
4785(7) 

163(6) 

M(5) 
371(5) 

1672(9) 
1841(n) 
7785(12) 
3584(10) 
2910(11) 
4333(11) 
6312(11) 
6949(12) 
5560(11) 

- 

9161(9) 

907603) 
477q8) 
7803(9) 
6255(10) 
5320(11) 
5874(91 
7442ili) 
8380(10) 

593(11) 
377(a) 
755( 11) 
936(10) 

6552(10) 
6585(32) 
6513(9) 

6601(7) 
72a2(9) 
7225(10) 
6461(8) 
5843(s) 

58%(a) 
H(2) 1340) 218(11) 848(8) 

H(3) 
H(5) 

220(3j 

128(3) 

378illj 
851(9) 

784i9j 

576(9) 
H(6) 058(3) 618(11) 549(9) 
“X. 225(6\ I 4aoil.l) 
l Occupancy of 0.5; X=(C+N)/Z 
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