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Abstract:syn-6,15-Dicyano-2,11-dithia[3.3]metacyclophane4 is thefirstofitskind to erystatlize
with both bridges in the pseudo-boafconformation.Anumberofotberunusualfeaturesarealso
apparentin thecrystal structure,noneofwhicharepredictedbyAMlorabiniriocatcntations.
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2,1l-Dithia[3.3]metacyclophanesareprominentmembersof thecyclophartefamilydueto theirinteresting
confirmational behaviour, unusual spectroscopicproperties, transrmnularinteractions and their utility as
precursorsto [2.2]metacyclophanesand [2.2]metacyclophane-1,9-dienes.1 For the latter reason,we required
syrs-6,15-dicyano-2,1l-dithia[3.3]metacyclophaneas a syntheticintermediatein connectionwithongoingstudies
of [n.2.2](l,3,5)cyclophanes(“tethered[2.2]metacyclophanes”)2and [n](2,7)pyrenophanes.3

Thesynthesis(Scheme1)startedwith5-cyano-m-xylene1,whichwasbrominatedwithNBS/AIBN/hvto

afforddibromide2 in 40%yield. Conversionof 2 intodithiol3 proceededin only48%yield,presumablydueto
partialhydrolysisof the nitrile functionduringthe basehydrolysisof the intermediatebis-isothiouroniumsalt.
Highdilutioncouplingof 2 and 3 producedthe dithiacyclophane44in 77% yield. In order to circumventthe
problemsassociatedwith the hydrolysisstep, the self-couplingof 2 usingNa2S/A12035was investigatedas an
alternaterouteto 4. Analysisof the 300MHz IH NMRspectrumof thecrudeproductindicatedthat 4 hadbeen
formedin the typical50-60%yield. However,separatingit fromthe correspondingcyclic timer provedto be
verydifficult. Careful,repeatedchromatographyafforded25%of pure4. The internalprotons(Hi)of 4 appear
at 87.31 in its 300MHzIH NMRspectrum,indicatingthatthemoleculeadoptstheexpectedsynconformationin
sohrtion.6Thebridgeprotonsappearasasingletat53.72.
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Scheme 1. a) NBS, AIBN, hv, CC14,& 2h, 40%; b) (H2N2fX EtOH, A, sh, then NaOH.

H20, A, 4 h, 48Yo; c) 2, NaOH, C6H6/EtOH/H20, r.t., 48 h, 77%; d) Na2S/A1203,

CH2C12/EtOH,24 h, 25%.
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SinglecrystalX-ray analysisof 47 showedthat the ring conformationin the solid state was rdsosyn.
However,muchto oursurprise,bothbridgeshadadoptedthepseudo-boat conformation(Figure2), renderingit
the first exampleof a syn-2,11-dithia[3.3]metacyclophaneto exist in this conformationin the solid state. A
numberof otherunusualstructuralfeaturesalsocharacterize4 in thecrystal. Thearomaticringsdo notdeviate
fromplanaritysignificantly,butforman exceptionallylowinter-ringangleof 9.0°. By comparison,thebridges
of syn-2,1l-dithia[3.3]metacyclophane5 are bothin thepseudo-chair conformationin the solidstate andthe
aromaticringsforman angleof 20.60.8Remarkably,the twocyanogroupsarebentslightlyoutof theplanesof
the aromaticrings towaro3one another. We are awareof no precedentfor this effect in face-to-facesituated
arenes. The C-N bondsform anglesof 3° and 4° with the best planesof the rings they are bondedto. The

originof thismostunusualdistortionis unclearandwillbe thesubjectof furtherstudy. Anotherunusurdfeature
of this structureis the face-to-faceslippageof the two aromaticringsin the directionof the C=Nbonds,best

seen in the side viewin Figure 1. A direct consequenceof this is that the two sulfuratoms are closer to the
calculatedpositionof one of the internalhydrogenatoms(HJ thanthe other. Oneof them(C15-H)9is 2.91~
awayfromonesulfuratomand 2.93~ awayfromthe other,distanceswhichare slightlyless thanthe sumof
theirvan der Waals radii (3.05A).lo The other internalproton(C7-H)9is calculatedto be 3.07 and 3.12 ~
awayfromthe twosulfuratoms. Examinationof the crystrdpackingdiagramrevealedno noteworthypacking
arrangementor intermolecularclosecontacts.
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Figure 1. Two views of 2 in the crystal. Selected distances (~) and angles (0). C(7)-C(15)
3.152(4), S(1)-S(2) 5.235(2), C(l)-S(l) 1.814(3),C(17)-N(l) 1.141(4), N(I)-N(2) 3.684(4);
C(2)-C(l)-S(l) 114.4(2),C(I)-S(l)-C(16) 104.2(1),C(15)-C(12)-C(18)176.9(2),C(12)-C(18)-
N(2)178.8(3).Notethat thecrystallographicnumberingdiffersfromthesystematicnumbering.

The only othersyn-[3.3]metacyclophanederivativesreportedto crystallizewith both bridgesin the
pseudo-boat conformation are syn- 1,3,10, 12-tetrathia[3.3 ](2,6)pyridinophane 611 and syn-

[3.3](2,6)pyridinophane7 (inter-ringangle= 34°).12A dynamicIH NMRstudyof 712providedevidencethat
thepseudo-boat,pseudo-boat conformerwasalsothemoststablein solution. In the caseof 6, N-Srepulsions
wereinvokedas the probablecause of the unusualbridgeconformations.These samerepulsionswere also
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postulated to be a contributing factor towards the adoption of the usual pseudo-chair,pseudo-chair

conformationin the crystal structureof syn-2,1l-dithia[3.3](2,6)pyridinophane8.11 For both6 and7, the
shortdistancesbetweenthe internalN atomsandthe innerhydrogenatomsof thecentralmethylenegroupsof
thebridges(2.5~ for6 and 2.50~ for7) suggestedthepresenceof weakhydrogenbonds. In fact,hydrogen
bondingwas deemedto be the primarycause of the unusualbridgeconformationsin 7. Whileit maybe
temptingto invokea weak S-H hydrogenbondin 4, thehydrogenbonddonor(the S atom) is considerably
weaker than that of 6 and 7 (an N atom). In addition, if the bridges of 4 were in the pseudo-chair

conformation,an analogousspatialrelationshipcouldexistbetweenthe S atomsandtheexternalarylprotons
(He). As such,it seemsunlikelythat hydrogenbondingbearsanysignificantresponsibilityfor the observed
solidstatebridgeconformationsin 4.
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Figure2. AMl CalculatedRelativeFreeEnergiesandDipoleMomentsof theBridgeConfortnersofsyn-4.

AMl calculationswere performedon the threepossiblebridgeconformersof syn-4usingthe Spartan
softwarepackage(Figure2). Typicalfor a [3.3]metacyclophane,13thepseuab-chair,pseudo-clrair conformer
wascalculatedto be the lowestin energywith thepseudo-chair,psewio-boat conformer0.57kcal/molhigherin
energyand the pseudo-boat,pseudo-boat conformerobservedin the crystal 1.77kcal/molhigher in energy
(Figure2). Artanalogousdiscrepancybetweencalculationsandobservationswasalsoencounteredin thestudy
of 7.12 Calculationswerenot reportedfor the variousbridgeconformersof 6, but our ownAMl calculations
predict the same order of relative energies. Worthyof note is that the calculatedstructureof the pseudo-

boat,pseudo-boat conformerof 4 doesnotexhibitanyof theunusualfeaturesobservedin thecrystalstructure.
Thiswasalsotruewhenab initio calculationswereperformedon thisconformerof 4 at the3-21G(*)level.

The dipolemomentsof the threeconformersof syn-4were also calculated. With the sum of the C-S
bonddipolesaligneddirectlyagainsttheC=Nbonddipolesin thepseudo-boat,pseudo-boat conformer,it is not

surprisingthatthecalculateddipolemomentof thisconformer(3.63D)is substantiallysmallerthanthoseof the
pseudo-chair,pseudo-boat conformer(5.50D) and thepseudo-chair,pseudo-chair conformer(7.30D). It may
thenbethateitheran inherentdipolareffectwithinsyn-4or thedipolecomponentof thecrystalpackingforcesis
instrumentalin determiningthebridgeconformationsin thesolidstate.

ASfor theconforrnationalbehaviourof 4 in solution,its poorvolubilityhas ruledout dynamicIH NMR
studiesso far. Othermethodsarenowbeinginvestigated.Whetherornotdipolareffectsgenerallyinfluencethe
relativeenergiesof the bridge conformationsof 6,15-disubstitutedsyn-2, 1l-dithia[3.3]metacyclophanesin
solutionis alsounderinvestigation.
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