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Abstract. The crystal structure analysis of three aryl-1,3-
dithiane derivatives, with aryl = 4-methylpheny},(4-chlo-
rophenyl @) and 2,4-dichlorophenyl3}, shows the three
molecules to have very similar conformations, wita aryl
ring lying on an approximate mirror plane that bisethe
dithiane ring which adopts a chair conformatior é&mergy-
minimised structures are consistent with the expental
structures. The greater barrier to rotation atieimethine-
C—C(ipso) bond ir8, cf. 1 and2, is related to unfavourable
intramolecular SCI interactions in the putative transition
state. The molecular packingir3, while globally similar,
are distinct, being based on combinations of idiaite C—
H-m(arene), C-HS and C-Clm(arene) interactions. The
lack of isostructural relationships points to thgngicance
of the identified intermolecular interactions teedit molec-
ular packing.
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Introduction

While the primary goal of crystal engineering ie thrganic
solid-state has been the rational assembly of ratdscin
crystal structures, in truth, the design of preesfed three-
dimensional architectures remains elusive. Onpthative
side, hydrogen bonding and the now well-understoald-
gen bonding can be exploited to reliably assemlukecules
owing to their strong interaction energy and dim@wl na-
ture [1-4]. Even though these modes of aggregatidin
probably form in circumstances when the respediive-
tional groups are present, they are more thanylilcesimply
lead to the formation of small aggregates from Whtice
crystal structure is then constructed, often rejyom other,
“second tier”, intermolecular interactions, suchrast and

C-H-1t [5-8]. The above “supramolecular synthon ap-

proach” [2] presupposes that specific intermolecineerac-
tions dominate the way molecules form crystalspactu-
sion fraught with danger as global crystal paclingsider-
ations, e.g. the need to fill space, are likelyp¢oat least as
important, especially in the absence of strongdirettional
intermolecular interactions [7-11].

In order to fully understand the interplay betwé@con-
cepts underlying supramolecular synthons and glpaek-
ing of molecules, thorough analyses of crystalcstmes of
closely related molecules, i.e. those differingaidimited
number of substituents, is required. In this wh, influ-
ence of small perturbations in chemistry upon makec
packing can be determined. In keeping with thisajdan
emphasis of recent work has been upon the monitafithe
effect of systematically changing the electronegtiof
substituents in the aryl rings of two series smajanic mol-
ecules [12, 13]. For these series, significanttedmic ef-
fects can be invoked to account for different molacpack-
ing, but the participation of the substituentspedfic inter-
actions can also be crucial. As a continuatiothe$e stud-
ies, herein the crystal and molecular structurgbrele aryl-
1,3-dithiane derivatives that differ in the natofehe elec-
tronegativity of the substituents in the aryl reng analysed
and compared with their energy-minimised structliigs 1.
As well, their Hirshfeld surfaces have been analyeerder
to gain more information on the molecular packindole-

cules1-3 became available during a complementary syn-

thetic study of 1,3-dithianes.

S
Y
S
Z
1:.Y=Me, Z=H
22Y=Cl, Z=H
3:Y=Cl, Z=Cl

Fig. 1. Chemical structures of aryl-1,3-diazines inves#gdterein.
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In 1965, Corey and Seebach introduced the use3ef 1,
dithianes as important umpolung linchpins in orgasyn-
thesis [14, 15].For over 40 years, this approach has become
a mainstay for the union of both simple and comgteg-
ments [16-19]. Among the most important featurethese
compounds is their stability under both acidic badic con-
ditions [20, 21jand their potential utility in organic synthesis
as acyl carbanion equivalents in carbon-carbon lamaing
reactions [14, 20, 21]A wide range of electrophiles, includ-
ing alkyl halides, aldehydes, and epoxides, reaxioshly
with the derived acylanion equivalents [20, 21].

In connection with on-going research interest oa th
preparation and reactivity of potassium organatoifbbo-
rate salts, and their use as intermediates in @ggnthesis
[22-29],various air-stable and storable 1,3-dithiane reegen
were synthesised to produce potassium 2-organaoithB-
anotrifluoroborate salts to be used in cross-cogpBuzuki-
Miyaura reaction. Herein, a comprehensive crysgaiphic
and computational analysis of three of these mddscirig.

1, is described along with a comparison with litera struc-
tures.

Experimental

Synthesis and crystal growth

The synthesis df-3 followed literature precedents [30, 31].
Thus, a solution of the corresponding aldehyde3(0fol,

1 equiv.) in chloroform (20 mL) was combined with a
equimolar amount of propane-1,3-dithiol (3.7 mLO3X
mol, 1 equiv.) at room temperature. The solutias stirred
for 1 h at this temperature, then cooled down t8 R5and
BF; etherate (0.46 mL, 0.0037 mol, 0.1 equiv.) waseddd
dropwise. The reaction solution was allowed tornwdo
room temperature and stirred overnight. After thige, the
solution was washed three times each with waté 4Que-
ous KOH, water and dried over Mg&QCrystals of each of
1-3 were obtained by slow evaporation of the respectiv
methanol solution.

Crystal structure determination

Intensity data were measured under ambient condittm a
Bruker APEXII CCD diffractometer fitted with Mo d¢radi-
ation. Data processing were accomplished with APBXd
SAINT [32], and empirical absorptions correctionsrevap-
plied with SADABS [33]. The structures were sohmddi-
rect methods using SIR2014 [34] and refined=8y full-
matrix least-squares with anisotropic displacenpamame-
ters for all non-hydrogen atoms with the use of
SHELXL2014 [35], integrated into WinGX [36]. The-C
bound H atoms were placed on stereochemical groands
refined in the riding model approximation withs, = 1.2-
1.5Ueq(carrier atom). A weighting scheme of the fonn
1/[o¥(FP) + (@P)? + bP] whereP = (F,? + 2F?)/3 was intro-
duced. Foe, the residual electron density peaks of 1.24 and
-0.43 eA3 were located 1.15 and 0.76 A, respectively, from
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the S3 atom. Unit cell data, X-ray data collectparame-
ters, and details of the structure refinement ar@gn Table

1. The programs ORTEP-3 for Windows [36], PLATON
[37], QMol [38] and DIAMOND [39] were also used ihe
crystallographic analysis.

Table 1.Crystallographic data and refinement detailslfe.!

1 2 3
Formula G1H14S2 Ci0H11CIS2 Ci10H10Cl2S2
Formula weight 210.34 230.76 265.20
Crystal colour,| Colourless Colourless Colourless
habit prism prism prism
Crystal size/mm 0.30 x 0.37 x0.34 x 0.46 x| 0.27 x 0.31 x

0.41 0.47 0.39
Crystal system monoclinic orthorhombic orthorhombig
Space group P2i/n Pna2; P2:12:121
alA 5.6457(3) 18.0536(8) 6.7189(5)
b/A 18.0070(9) 10.3952(5) 12.6743(9)
c/A 11.1982(5) 5.9019(2) 13.8231(10)
B/ 95.752(3) 90 90
V/IA3 1132.70(10) 1107.61(8) 1177.14(15)
2z’ 4/1 4/1 4/1
Ddg cm? 1.233 1.384 1.496
F(000) 448 480 544
p(MoKa)/mnr? 0.423 0.673 0.864
Measured data 7436 4162 4637
0 range/° 22-254 23-254 22-254
Unique data 2073 1896 2114
Rint 0.015 0.021 0.016
Observed datal z | 1900 1780 2034
2.00(1))
R, obs. data; all data  0.038; 0.041 0.066, 0.070 270.0.028
a, b in weighting| 0.047, 0.533 0.127,1.084 0.031, 0.407
scheme
Rw, obs. data; all 0.100;0.102 0.197, 0.203 0.068, 0.069
data

1 Supplementary Material: Crystallographic data (edirlg struc-
ture factors) for the structures reported in ttapgr have been de-
posited with the Cambridge Crystallographic Data Geaf sup-
plementary publication numbers CCDC-1435167-1435C6ies

of available material can be obtained free of chaop application

to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44-
(0)1223-336033 or e-mail:_deposit@ccdc.cam.ac.Ukg list of
Fo/Fc-data is available from the author up to ozer wafter the pub-
lication has appeared.

Computational chemistry

The unrestrained geometry optimisation calculatiaese
performed using the Firefly [40, 41] package at the
B3LYP/6-311G++(d,p) level [42-45] with an algorithm
based on the Quadratic Approximation (QA) [46] amd
threshold gradient value of 20a.u. Frequency analyses
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were carried out to verify the nature of the stadiy struc-
tures obtained. The single point energies of tiystallo-
graphic (experimental) structures have also bekulcded.

The Intrinsic Reaction Coordinate (IRC) calculaton
were performed using the Gonzalez-Schlegel secotero
method [47], with a threshold gradient value of ®0u., and
a step-size between points on the reaction path2of.u.

The NBO donor-acceptor pairs were checked. Th-int
action energies were calculated according to secoder
stabilisation (E2PRT) and steric exchange energfiéB0O
analyses [48]. Partial charges have been evallgtéthtu-
ral Population Analysis (NPA) model [48].

Finally, structures, charts and surfaces, were dnasing
the wxMacMolPIt and JMol software [49, 50].

Results

Experimental molecular structures

The molecular structures @3 are shown in Fig. 2 and se-
lected geometric parameters are collated in Tablé&&ch
structure features a 1,3-dithiane ring, having @ratonfor-
mation with the methine- and central methylene-@ret out
of the plane defined by the remaining atoms. Tiykrang

is connected equatorially to the 1,3-dithiane rawghe C2
position, i.e. at the methylene link between thiplsur at-
oms. From the dihedral angle data included in @&hlit is
evident that the aryl ring adopts a conformatiorppadicu-
lar to the plane through the 1,3-dithiane ring Isat teach
molecule approximates mirror symmetry with the amt
as well as the methine- and central-methylene-@siying
on the putative plane. B the methine-H atom is syn with
respect to the 2-chloride, enabling the formatiéma @lose
intramolecular H2Cl14 contact of 2.54 A.
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Fig. 2. Molecular structures df-3 showing atom labelling
scheme. The diagrams are drawn at the 35% prdtyabil
level.

Table 2. Summary of key geometric parameters (A, °)lfe8.

Parameter 1 2 3

c2-s1 1.8096(18) 1.825(8) 1.814(3)
C2-S3 1.8091(19) 1.810(9) 1.816(3)
C6-S1 1.806(2) 1.778(10) 1.814(4)
C4-S3 1.805(2) 1.806(10) 1.807(3)
Cc2-C7 1.506(2) 1.488(12) 1.501(4)
C2-S1-C6 100.04(10) 101.3(5) 98.83(16)
C2-S3-C4 99.89(10) 100.5(4) 98.93(16)
S1-C2-S3-C4 -58.79(14) -57.9(6) -60.9(2)
S3-C2-S1-C6 58.63(13) 55.6(6) 61.1(2)
C2-S1-C6-C5 -58.0(2) -55.6(11) -59.7(3)
C2-S3-C4-C5 58.7(2) 59.1(8) 59.2(3)
(S1,C2,S3)/(C7-C12) 89.03(8) 88.0(3) 84.69(13

There is a high degree of concordance in the galien
bond lengths in the three structures and only miadations
in bond angles. The major difference in the mdiestelates
to the relative orientations of the aryl rings ahdse are
highlighted in the overlay diagram shown in Fig. Blso
included are images for literature precedents [Bll-be.
molecules that do not bear groups capable of fayraon-
ventional hydrogen bonding interactions, e.g. hyglro
Clearly, the molecular structures display similamfor-
mations. The relative orientation of the aryl rioghe 1,3-
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dithiane ring can be quantified in terms of theedital angle
between the C6 ring and the SCS fragment.148, these
vary from a narrow 84.69(13)° Bito a wide 89.03(8)° ifh.
These values fall within the limits of the literegistructures
for which dihedral angles range from 79.10(4)%a $truc-
ture with a 2-benzaldehyde group [51] to 89.18id Yhe 4-
nitrophenyl derivative [55].

Fig. 3. Overlay diagram of the molecular structure$ ¢fied
image),2 (green),3 (blue), as well as literature precedents:
Y =2Z=F(grey),Z=Hand Y =H (black), Y = NQolive-
green), Y =H, Z=CH(=0) (aqua), and Y = Z = Hw&-Br
(pink), 3-NQ (yellow). The molecules have been over-
lapped so that the SCS fragments are coincident.

Molecular packing in 1-3

Despite the similarly in chemical compositionlef3, mole-
cules crystallise with different crystallographigrametries,
Table 1. The geometric parameters characterisiagrtost
prominent points of contact in the molecular pagkifil—3
are collected in Table 3. The unit cell conterftg éeature
C—-H-m(arene) interactions. The H-donors are derivethfro
methylene- and methyl-groups so that in essencearte
ring is bridging these. The result of these castacthe for-
mation of an undulating supramolecular layer patadl (1 0
1) asillustrated in Fig. 4a. Layers thus formexatks with no
specific interactions between them, Fig.4bview down the
c-axis is also included, Fig. 4c, to enable a coimsparwith
the molecular packing i2.
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Table 3. Summary of intermolecular interactions (A=Bi; A, °) operating in the crystal structuresie8.!

A H/CI B A-H H-B A-B A-H-B Symmetry opera
tion

1

C4 H4a Cg(C7-C12) 0.97 2.81 3.651(2) 146 X2y, Yotz

C13 H13c Cg(C7-C12) 0.96 2.94 3.829(3) 155 X 1y, 1z

2

C4 H4a Cg(C7-C12) 0.97 2.74 3.616(10) 150 Ay, Yotz

C10 Cl13 Cg(C7-C12) 1.736(8) 3.971(5) 4.651(10 9(8) 2%, 1y, Yoz

C12 H12 S1 0.93 2.87 3.751(10) 158 yxl+z

3

C5 H5b Cg(C7-C12) 0.97 2.84 3.612(4) 138 1By, -Votz

1 Cg corresponds to the ring centroid of the spedifitoms.
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Fig. 4. (a) A plan view of the undulating supramolecular
layer in1 sustained by C—Hr(arene) interactions shown as
purple dashed linegh) A view highlighting the stacking of
layers, and (c) A view in projection down tbexis of the
unit cell contents fot.

For 2, the aromatic ring also functions as a supramelecu
lar bridge accepting a methylene-C~f{arene) contact, as
for 1, and C—Cl-t(arene) contact. The latter might be con-
sidered a “side-on” approach as seen in the C10-
Cl13-Cg(C6-C13) angle of 101.9(3)° as opposed to an-“end
on” approach where the equivalent angle would bsecto
180°. In effect, the methyl-C-Hi(arene) contacts dfhave
been simply substituted by C—~Gi(arene) interactions i2.
The side-on approach does have a consequencetithéha
aforementioned interactions assemble molecules mto
three-dimensional architecture, rather than therkgyn 1.
Additional arene-C—HS interactions, along theaxis, also
contribute to the stability of the overall moleauteacking.
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Fig. 5. (a) Two views of the unit cell contents fr(a) down
thec-axis, and b) down thie-axis, highlighting the similarly
in the molecular packing witil. The methylene-C—
H-m(arene), side-on C-Citarene) and arene-C=i$ in-
teractions are shown as purple, blue and orandeeddmes,
respectively.

In the molecular packing & only one specific interac-
tion below accepted van der Waals radii assumed
PLATON [37] is noted. These are of the type methglC—
H-m(arene) and lead to helical supramolecular chaes;
erated by a2screw axis along the-axis, Fig. 6a. A meth-

ylene-C-H atom from a symmetry related molecule ap-

proaches the “unoccupied” face of the arene ringddsep-
arated by 3.12 A from the ring centroid, Cg, i.eytnd the
normally accepts limits for C—Htarene) interactions [37].
Globally, chains assemble into undulating layers stack
along theb-axis.
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Fig. 6. Two views of the unit cell contents f8r (a) down
the b-axis, highlighting the supramolecular helical ctsai
and b) down tha-axis. The C—H(arene) interactions are
shown as purple dashed lines.

The packing arrangementsirand2 are closely related
whereby the methyl-C—Hr(arene) interactions df are re-
placed by C-Ctm(arene) interactions ig. However, the
different orientation of the C—Citarene) interaction cou-
pled with the additional C—HS contact operating in the mo-
lecular packing o ensure the structures are not isostruc-
tural. Allowing for the difference if8 angles of ca 5°, the
metric unit cell data fot, abc, approximate$ca in 2, Table
1. The molecular packing B) although of a similar appear-
ance, is quite distinct frorhand2. The crystal packing ef-
ficiencies forl-3, computed with PLATON [37], amount to
64.8, 65.7 and 67.0%, respectively, and reflecirtbeeasing
unit cell density values, Table 1.

Based on the qualitative similarity in the globadletu-
lar packing inl and2, as highlighted in the pairs of dia-
grams, Figs 4a and 5a, and 4c and 5b, it was thafgh-
terest to probe their relationship further. Thetfparameter
calculated wasl,

M=@+b+c)/@+b +c)-1
where & + b + ¢)> (@ + b’ + ¢)[58]. The calculation
employs orthogonalised unit cell parameters whiehgen-

erated automatically in PLATON [37]. Valuesldfclose to
zero indicate a close match in unit cell parametdrsthe
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present casell computes to 0.56. Another parameter,
namely the mean elongatiasg),was also investigated,

e= V)13 -1 \('>V)

where, again, values close to zero indicate isotrality
[59]. Forland2, £ = 0.0075, the deviation confirming the
structures are not isostructural.

Hirshfeld surface analysis

A further analysis of the molecular packing fbr3 was
made employing Hirshfeld surface analysis as thiwiges
a convenient method for gaining useful informatadyout
the relative contribution of various intermoleculaterac-
tions to the overall molecular packing for a stunet[60];
the present analysis was conducted with Crystalldep
[61]. The overall fingerprint plots calculated forchaof 1—
3 are illustrated in Fig. 7, from which clear diféeices are
apparent, consistent with different modes of suptaoular
association between the molecules. Delineatiotheffin-
gerprint plots into specific interactions enablies telative
contribution of each to the overall surface arease calcu-
lated; these are shown graphically in Fig. 8.

The most notable feature of the Hirshfeld surfdoed—
3 is the relatively high contribution of hydropholit...H
interactions irt, i.e. 62.3%, compared with 43.3 and 23.9%,
respectively in2 and3, indicating that each addition of ClI
reduces the H...H contribution by approximately 20%;
H--Cl interactions contribute 17.5 and 31.3% to théeses
in 2 and 3, respectively. The C—Htarene) interactions
noted in the molecular packing bfcontribute 16.5% to the
overall surface area and this contribution is simib 16.4 %
in 2 and 19.0% ir8. Also noteworthy is the observation that
second most significant contribution to the overaliface
area inl, at 20.5%, is due to C~t6 interactions even
though these do not fall within the standard distacriteria
[37]. Interestingly, this contribution is greatean 17.6% in
2, where such an interaction is noted, and equitatien
19.6% in3, where no specific C—HS contact is formed. Fi-
nally, the C-Cl-mi(arene) interaction commented upor2in
corresponds to only 2.0% of the overall surfaca;aie3,
this is 1.1%. In summary, the major differencethim over-
all Hirshfeld surface areas 4f3 relate to the relative in-
crease in contribution of C~+Cl at the expense of-HH.
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Fig. 7. Fingerprint (FP) plots for (), (b)2 and (c)3.
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Fig. 8. Relative contributions of various intermolecutan-
tacts to the Hirshfeld surface aredl#8.

Computational chemistry

A further analysis 01—-3 was conducted employing compu-
tational chemistry in order to gain insight int@ tbbserved
molecular structures. Unrestrained geometry ogtition
calculations were conducted. For eachl@&nd?2, the en-
ergy-minimised structures practically adopted alnbesnti-
cal conformations as seen in the experimental tsireis that
practically had mirror symmetry, see Table 4. Tikiseen
in the calculated root mean square deviations (RMiS®
tween the optimised and crystallographic structafe8.01
and 0.03 A, respectively. This situation is repdator 3
where the RMSD between the observed and optimised-s
tures was 0.01 A. However, a second conformatiag be
envisaged for3 which still retains the mirror symmetry,
namely where the 2-chloride and methine-H atomsaatig
generated by a 180° rotation about the C2—C7 b@wadcu-
lations showed the latter conformation to be l¢abls by
approximately 4.0 kcal.md] an observation correlated with
the formation of a favourable intramolecular C-EH inter-
action in the most stable conformation as mentiatsale.

Table 4.Relative energies (kcal.m¥land torsion angles (°) of the
optimised, experimental (crystallographic) and transisitates mo-
lecular structures df-3.

AG® AEzpe AE C12-C7-C2-H2
(298.15 K)
Optimisedl 0.0 0.0 0.0 0.7
Experimentall - - 132.5 -3.1
Transition staté. 4.9 35 34 88.2
Optimised2 0.0 0.0 0.0 0.7
Experimental - - 109.3 -4.2
Transition stat@ 4.5 34 35 88.6
Optimised3 0.0 0.0 0.0 0.8
ExperimentaB - — 91.6 -8.9
Transition stat® 13.3 11.8 12.1 95.2

1 For the transition state conformationss° andAE areAG*
andAE?, respectively.

Next, the rotational barrier heights fb+3 were investi-

gated by fixing the dithiane ring in one positiadaotating
the arene ring about the C2—C7 bond, Table 4 an®FiFor
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1 and2, where rotation about the C2—C7 bond resultsén th
same final conformation, the barrier to rotatiorsve@prox-
imately 3.5 kcal.motl. These values are in the same order of
magnitude as rotation about a C-C single bond ofraon
aliphatic hydrocarbons, even with carbon atoms bdnid
bulky substituentsg2-64.

O-O T T T T T

@ o =
o o o

b
o

(Energy + 7.7)(']05)/k(:al.mol'1 o

o
(=)

912 1340 1789

(=]
~
N
h
[o5]

Torsion Angle/ °

0.0 T T

(Energy + 1.0x10%)kcal.mol™ O

1 1 1
0.0 47.0 87.2 123.9 174.3
Torsion Angle/ °

(Energy + 1.3)(‘]06)/'kcal.m<JI"I (@)

0.8 316 821 127.0 1740
Torsion Angle/ °

Fig. 9. Intrinsic reaction coordinate (IRC) profiles f@) 1
(363 points), (bP (378 points), and (3 (437 points).

In order to evaluate the reasons for the energyevard-
ditional calculations were performed. The steschange
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energies are collated in Table 5 and clearly indi¢he in-
stability induced in the molecule when the sulpand ring
carbon atoms are proximate, a situation which angleen
the C12-C7—-C2-H2 torsion angle is approximately(9a2
ble 4).

Table 5. Major steric interactions between the aromatic tueddi-
thiane rings in the molecular structuresle8.

Interaction Steric ex-
change energy
(kcal.mot?)

Optimised1 H2...H12 1.4
Experimentall H2...H12 0.9
Transition statd S1...C12 3.2

S3...C8 3.2
Optimised2 H2...H12 1.4
Experimental H2...H12 1.4
Transition stat@ S1...C12 34

S3...C8 34
Optimised3 - 0
ExperimentaB - 0
Transition stat® S1...Cl114 5.9

S3...C8 6.4

The energies associated with the hyperconjugatidinis
region of the molecules are collected in Tabl& Bese data
suggest that hyperconjugation does not play afgigni role
in the activation energies as the_c— c*c.h andoch—
n*c_c delocalgation in the transition states overcomedbe
¢ — 6*c_n and oc_c — o*c.c delocalsation in the ground
state conformations. It is also noted that in tilagsition
states, favourable intramolecular—8 interactions are
formed, i.e. 2 x -0.8 kcal.nélfor 1 and 2 x -0.9 kcal.mdl
for 2.

Table 6. Energies of selected hyperconjugative interactiarthe
molecular structures df-3.

Hyperconjugation E2PRT
(kcal.mot?)
Optimisedl Gc7-c8— G*co—2 -1.0
GC2-H2— G*c7-C8 -5.5
Experimentall Gc7-c8— G* Co—ti2 -0.7
GC2-H2— G*c7-C8 -5.1
Transition statd | nc7-c12— 6* ca_t2 -3.3
Gc2-H2— T¥c7-c12 -4.0
Optimised2 0C7-c8— G¥Co-H2 -1.0
GC2-H2— 6% c7-cs -5.4
Experimental GC7-c8— G*Co-H2 -0.6
GC2-H2— 6% c7-cs -5.8
Transition stat® | T c7_ci0— 6*coti2 -3.2
GC2-H2— T¥c7-c12 4.1
Optimised3 GC7-c8— 0¥ Co-H2 -1.1
GC2-H2— 6% c7-cs -5.3
ExperimentaB Gc7_c8— O*Ca_H2 -0.8
GC2-H2— G*c7-cs -5.0
Transition stat@ | mc7_c12— 6*c2_H2 -2.5
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| | 6co-He— M*cr-c12 | -4.5 |

The rotation barrier about the C2—C7 bondiin.e. ap-
proximately 12 kcal.mdl, is significantly greater cf. those in
1 and2 (Table 4). This difference is related directlythe
presence of the 2-chloride substituent which, wheoxi-
mate to the sulphur atoms induces unfavourabledatens
(Table 5), while at the same time removing the ik
influence of the intramolecular-+Cl interactions formed in
the ground state conformation where these atonrsyargsee
above). lItis also noted that the energies of¢tevant hy-
perconjugative interactions in the ground state faen
mations are lower than in the transition state (& &.

A Natural Population Analysis (NPA) was conducted f
the geometry optimised and experimental structanesthe
results collected in Table 7. It was of interest@ascertain
whether any systematic variations in charge coelddrre-
lated with changing the electronegativity of thbésituents
in the aryl ring.

The first trend noted is that with respect to thpesi-
mental structures, greater charge residues onathéydro-
gen atoms than in the geometry-optimised structurgse
second point to note is that there are no notaiffiereinces
in the charges in the dithiane ring. Some tremdsated in
the charges in the aryl ring with the most promineging
the increasing charge on C7 as the electronegatifithe
substituents increases. This trend is accompdnyieeduced
charge on the C8 and C11 atoms. Finally, themnadse
charge on the C9 and C10 atom& iand3 cf. 1. The above
notwithstanding, the differences in charges arecally less
than 0.03 so that any effects are small. Theselgsions
match those found in related studies where thareleega-
tivity of substituents in aryl rings in small orgamolecules
were systematically varied [12, 13].
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Table 7. Natural Population Analysis (NPA) far3 calculated on the geometry-optimised and experiaié¢orystallographic) structures.

Atom Opt.1 Expt’l 1 Opt.2 Expt’l 2 Opt.3 Expt’l 3
S1 0.208 0.196 0.210 0.199 0.210 0.196
S3 0.208 0.199 0.210 0.203 0.210 0.200
C2 -0.475 -0.455 -0.473 -0.442 -0.471 -0.444
H2 0.209 0.178 0.210 0.178 0.230 0.195
C4 -0.507 -0.458 -0.506 -0.472 -0.506 -0.452
H4a 0.198 0.176 0.199 0.179 0.202 0.179
H4b 0.222 0.199 0.224 0.204 0.224 0.199
C5 -0.411 -0.364 -0.411 -0.360 -0.411 -0.363
H5a 0.207 0.189 0.209 0.190 0.210 0.191
H5b 0.212 0.191 0.213 0.190 0.213 0.191
C6 -0.507 -0.457 -0.506 -0.456 -0.506 -0.455
H6a 0.198 0.176 0.199 0.176 0.202 0.179
H6b 0.222 0.199 0.224 0.199 0.224 0.199
C7 -0.079 -0.044 -0.084 -0.054 -0.113 -0.112
C8 -0.178 -0.146 -0.166 -0.130 -0.150 -0.114
H8 0.221 0.182 0.227 0.187 0.232 0.189
C9 -0.202 -0.181 -0.223 -0.191 -0.227 -0.197
H9 0.203 0.170 0.224 0.187 0.228 0.190
C10 -0.023 0.021 -0.026 -0.012 -0.014 -0.001
Cl1 -0.207 -0.184 -0.227 -0.203 -0.252 -0.232
H11 0.203 0.170 0.224 0.189 0.239 0.201
C12 -0.168 -0.151 -0.158 -0.133 0.016 0.018
H12 0.204 0.172 0.210 0.175 - -
C13 -0.597 -0.573 - - - -
H1l3a 0.216 0.203 - - - -
H13b 0.209 0.195 - - - _
H13c 0.211 0.198 - - - -
Cl13 - - -0.004 -0.002 0.008 0.012
Cl14 - - - - 0.007 0.010
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Discussion

From the foregoing despite similarities in confotima,
global molecular packing and electronic structudifferent
modes of association operate in the crystal strestafl-3.
A persistent supramolecular synthon is found irhezd-3,
namely methylene-C—H{arene). Inl, these are aug-
mented by methyl-C—H.1qarene) interactions, and by
C-Cl...marene) and C-H...S interactions. Interestingly, in
the unsubstituted parent compound [53, 54], the cell
symmetry most closely matches thatdbut, the supramo-
lecular association is related to thatlinfeaturing methyl-
and methylene-C—H 1mi(arene) interactions. While this ob-
servation is consistent with a close relationst@ween the
four crystal structures discussed herein, the sudiifer-
ences point to the significance of identified intefecular
interactions.

The crystal structures df and 2, differing only in the
methyl and chloro substituents, presents the pitiggibf
structural mimicry via the chloro/methyl exchangeer[7,
65]. Stated simply, if global crystal packing is fmedomi-
nate factor determining the molecular packing,ekehange
of a chloride with a methyl group, having similaiwmes of
19 and 24 A respectively, should result in isostructural spe-
cies. This concept breaks down in circumstancesrevbne
or the other of chloride or methyl engages in “gigant”
intermolecular interactions. In the present stwdyije these
interactions are considered weak they are of sdeffic
strength and directionality to override the dicsaté global
crystal packing. Indeed, in the most comprehensirgey
of the chloro/methyl exchange, it was found thatrfy 25%
of the dataset where isostructurality could octat it did
[66].

Conclusions

Crystallography and computational chemistry indi@high
degree of conformational rigidit§-3, which approximate
mirror symmetry in the solid-state, and that thisrao sig-
nificant influence exerted upon the electronic cinees by
the nature of the electron-donating methyl or etecivith-
drawing chloro substituents. Despite the abovierint
molecular packing patterns are observed as cortifmyean
analysis of the Hirshfeld surfaces. The lack ofisuctural
relationships, in particular betweé&rand2, suggests that the
identified intermolecular interactions are suffitly struc-
ture directing in order to guide the supramolecalssocia-
tion between molecules.
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