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Abstract: The self-assembly of an optically-active [2]catenanc, incorporating a chiral 
hydmbenzoin unit in one of its component rings, has been achieved. 

Recently, we have shown’ that catenancs~ and rotaxsnes2p4 may be self-asscmblcdl-5 from molecular 

components containing x-elmn rich and deficient aromatic units. In all cases, the electron deileient units 

have comprised 4,4’-bipyridinium residues within the rigid teuacationic cyclophanes, cyclobis@raquat-p- 

phenyleM$ and cyclobis(paraquat-4,4’-biphcnylene).3 Here, we report that one of the paraxylyl groups’ in 

the former may be replaced by a fkxibk XH2CH&lCH~$)CH$H~ chain, without impeding catenane 

formation. This observation provides the basis for introducing chirality in the form of (SS)-hydrohenzoin 

residues8 into the central bismethylenedioxy unit of the flexible spacer, permitting the self-assembly 

(Scheme 1) of an optically-active [2]catenane.9 

The salt 3.2PF6, which can be prepared*0 in two steps (l->2->3.2PF6) star&g from 1, reacts in M&N 

with l&bis(bromomethyl)beuzene (BBB) to afford10 4.4PFb and, in the presence of bispaqhenylene-34- 

crown-10 (BPPZUCIO), to givelo the [2]cateaane 5.4PFs. The cyclophane (Ss)-9.4P& and the [2]catenane 

(ss>10.4PFt5 have been synthesised in an analogous fashion from the salt (ss)-S.2PFs, obtainc# in two 

steps [(ss)-6->(%+7->(%)sfj] from (ss)d. 
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The X-ray structural analysis1 2 of (Ss)-10.4PF6 reveals 

(Fig. 1) that the BPP34ClO macrocycle is threaded through 

the centm of the tenacationic cyclophane (SS)-*, with one 

P-a- 
of the x-electron donating hyd#oquinol rings sandwiched 

between the x-electron accepting bipyridinium units of 

(SS)-!M+. In common with the [2]catenanegJ comprised of 

BPP34ClO and cyclobis@araquat-p-phenylene), the ‘inside 

and ‘alongside’ hydroquinol rings display an in-plane rotation 

with nspect to each other of cu. 20’ in the BPP34ClO 

component. Incontrast, the two bipyridinium units are also 

sheared by cu. 10” in the (SS)@+ component. Both the bipyridinium and paraphenylene units display 

bowing, with the paraxylylene C-CH2 bonds subtending an angle of 10’ and the ‘inside’ and ‘alongside 

bipyridinium N+-CH2 bonds subtending angles of 26O and 14“, respectively. In addition, there is appreciable 

twisting of both the ‘inside’ (ca. loo) and ‘alongside’ (cu. 36O) bipyridinium units. The mean interplauar 

separation of the hydroquinol rings is 6.9A. The introduction of the chiral spacer unit results in a splaying of 

the bipyridinium units with respect to each other with the ‘corner’ CH2 groups being separated by 5.8A in the 

case of the paraxylylene unit and by 7.3A in the case of the -CH$ZH$XHPhCHFbOCH2CH2-- unit13 within 

which the phenyl (Ph) groups adopt an antiperiplanar geometry. Despite these structural distortions, the 

compound still displays a strong charge-transfer band (c$ &,x = 462 nm in MeCN solution), reflecting the 

s/x-stacking between the donors and the acceptors. The solid state structure also displays an additional 

T-type’ interaction between the electropositive H atoms on the ‘inside’ hydroquinol ring and the orthogonally- 

oriented paraphenylene x-system (centroid-centroid separation = 5. IA). In contrast with related catenane&f, 

there ate no continuously stacked x-donor/s-acceptor arrays in the solid state. This absence of stacking could 

be a consequence of accommodating the bulky F% substituents witbin the crystal lattice. 

Table 1.1H MMR Chemical shift data [6 values] for 5.4PF6 in CD3COCD3 (400 MHz) at +2O”C and at -W’C 

CH Polyether chain OCHZ 
a B c6H4 CHfl+ CHfl+ CHfl OWW sB.r.8 

5.4PF6 [al 9.37 8.24 
8.99 8.17 

8.09 6.10 4.97 4.12 6.21 [b] 3.36-3.91 [cl 

5.4PF6 [d] 9.49 [e] 8.38 8.12 6.11 [fj 4.95 3.94 6.16 kl 3304.20 [h] 
;;; [el 8.23 8.23 6.03 [fl 

8.90 8.23 
[a] Recorded at +2WC. [b] Although the signal for the protons on the Ins&’ hydroqumol nng IS not vlslble at 
+2WC. saturation transfer occurs at -10°C when the signal for the ‘alongside’ hydr uinol rin protons is 
irradiated at 8 6.21, indicating S values for the ‘inside’ hydroquinol ring protons of 4. “$0 and 5.4. [cl This 
broad multiplet includes signals for the OCH2CH20 protons in the tetmcationic cyclopbane component of the 
[2]catenane. [d] Recorded at -WC!. [e] The 8v value of 63 Hx between these two signals has been used to 
obtain a value of 140 s-1 fork from the approximate expression R = [x@v)]-tn. The Eyring equation was used 
to calculate a AG* value of 11.5 kcal mol-1 at the coalescence temperature of -33°C. [fJ The Av value of 3 1 
Hx between these two signals has been used to obtain a value of 69 s-1 for k which gives a m value of 11.7 
kcal mol-l at the coalescence ttmpcraturt of -37°C. [gj This is the signal for the ‘alongside’ hydroquinol ring 
protons. An additional signal is observed at 6 5.55 for two of the ‘inside’ hydroquinol ring tons. 
series of multiplcts in this region of the spectrum includes signals for the OCH2CHg 8” 

@I The 
protons in the 

tetracationic cyclophane component of the [2]catenane as well as a signal for the other two ‘inside’ 
hydroquinol ring protons. 
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Table 2. lH NMR Chemical shift data [S values] for (ss)_10.4P& in CD3COCJD3 (400 MHz) at +2W’C 

CH Polyether chain 
a PfJd-hfi m&do CHzN+ PhCH CEifl+ mfl 

. 4-6 939 824 810 /MEI 618Pl 613 
831 8:15 ’ 7:591; * 

514 4W ] 43X ] 32511 
608 * 4:3x:, 3&Z] 4:0& 

[a] Thevaluesrelatetotherangesoverwhich~~areobsaved. lb] Thisisthesignalforthe’alon * 
hydroquinol ring protons. The signals for the ‘inside’ h Ede 

’ 
ring protons are not observed at + OC. 

[cl These signals, which have been assigned as a result of a Y45 expe&uent perfomled over this region 
ofthespecmrm,formanABCDsystem. 

Both (55)10.4PF6 and its achiral counterpart 5.4PFg exhibit temperature vs in their ‘H NMR 

spectra recorded in CD3COCD3. The chemical shift data listed in Table 1 shows the presence of two 

differerlt c’ rrcumrotation processes whereby both hydroquinol rings can occupy the inside region of the 

tetracatiouic cyclophane and both bipyridinium units can occupy the inner portion of BPP34ClO. 

Equilibration of the latter type in a degenerate sense is associated with a free energy barrier of CCI. 11.6 kcal 

mol-l. The other degeuerate equilibration process is clearly associated with a much higher free energy of 

activation as indicateA by the different tH NMR signal observed for the hydrcquinoi ring protons in 5.4PF6 at 

+20aC. The chemical shift data presented in Table 2 support the view that the dynamic situation for 

(SS)-10.4PFe in C!D$OCD3 solution is quantitatively similar to that for 5.4PFe. However, the presence of 

chirality in (SS)-10.4PFo results in highly disperse spectra at low temperatures, reflecting the expected 

nonequivalences of all the protons in the molecule when both circumrotation processes are slow on the 

1H NMR timwade. 

The self-assembly of (5S)-10.4PF,5 has implications for the future design of chiral solid-state devices and 

in the construction of asymmetric catalysts. 
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m of (U) 3m. @‘I 4~4-6 ti (C) 5.4PP6: 
m (2) (4.17 g. 15 mmol) wae dimlohd 

(a) 3.2pFs: 4#--si (11.7 g, 75 mOHJl) 
hldlyMccN(loomL)amgtlKImactioamixtluewlw 

hcatcdImfklethlxfar2daytlioaninatlumoqke. ThepCiphUCWhiChftXOKdW&W-Off,W&?b?dWithMCCN 
~~2Oand&sdvedinH2O(lSOmL). Thcaqucoussdnticmwaawa&dwitbBt20(4x4omL)bqfaebdttg 
~togiveanwiducwbichwanambjecbzdtocdumn ckMogm@ [A~~O~~H~OM’EOH (1~411. ‘fltc rwi& 
~aftanm0valof~~~wr~r~~in~20mdtnetsd~~~~~gpsanlntla. rhea 
~~~fittendoff.~~2OtbenMeOHthenBt2O)anddrM Extrmztiatwith~affavkdaaystalb 
rwkb wbicl~ w118 ncryrtrrlhred fmm M8zmMeoH to give 32PF+j (7.83 & 72%). m-p. 159-161oC; FBIul& WI/Z I 573 
@f-P&)+; ‘H IuR WWlQ g - 3.53 (s,4W, 3.86 (t, 4Ii), 4.64 (t, 4H’), 7.W7.73 (m. 4Ii). 8228.27 @I, 4Ii), 8.69-8.73 
(m. 4H). 8.75-8.79 (m. 4H). (b) 4.4PFij: 3m6 (0.72 g, 1.0 mmd) and r&m @Ml) (036 g, 1.4 
mmd)waclwlctedinrcfluxiIlgMecN(l5omL)for42h. lllesdvultwasevapomedoffandtbcrexiduewbicllwall 
~inMdW2wa!ltPeatedwitbE@4Ncl. Tltcg4x?cipitatcw8stlltaeddlaodsubjectedtoccdmlmcbromruo~y 
CSioZ:~~2O/natd 114 N&Q (6:3:1)1. The fmcths cahinhg the product were cam- m to bryness. 
~~&0adtrestsdwittl~rsbnaLed4UC0OS~~&lthl. lbewbits~w&If@XCdofi,dIk!d,9d 
- fitm Myco-H20 TV affad 4.4% (430 mg. -1, I&p. > u16oc (&pi FABMS: nJz = 967 (,lf-ppk)+; 
‘HNMR (C&M: I = 3.38 (E. 4m.‘3.82 (t. 4m. 4.69 (t. 4m. 5.87 (s. 4m. 7.60 (s. 4~). 8.19-8~~ (m. 41n gz?z?.6 (m. 
4Ii). 8.74818 (rni 4H). 8.88-iL92 &u, 4H). &y&a -& x-&~&&l&&y .&&c 1p0wn by vllp~llr &ft&~ of 
i-%O into a McN02 i3dUtiOtt Of 4.4mtj. c@‘Std deta fOr 4.4m6: M.H2OZ tIklit&, a I: 10.239(4)), b . 12.159(s), c II 
23.114(10) k a = 98.98(4), B = 94.71 A, 7 = io8.i9(3)“. v = 2764 A3; rpace groat PT. z = 2, p = 1.53 g cm-g, 5825 
w olrsavcd nflsctims with Wol> 3u(lFr,i). 20 s 116*] refimxl a&oqbUy to R = 0.081, R, = 0.090. (c) 
g.4pP6: BPP34ClO (280 mg. 0.52 mmd) and 3-6 (142 mg. 020 mmd) wcro dissdvsd in McCN (20 I&.) m16 BBB 
G6mg.0.21mmd)wasad&d. Thesdutiunwass6nedatrwm tanpcWWfor3days. lllcWhvntwasevrpartEdoff 
srdtkreaidoe~redkdvCdinH2OadwrshsdwitbCIEl3. llmvlpeollskyerwas~witba~~ 
solutioaOfNH4PFs8Ddtkp&pi&tCwbiChfWtM!dwascdkCtCdbyf&atkx~ The~x&@ate~errrcc@&&twicc 
tiOm -2o t0 giW? SAP& BB 1111 Ulltt@?rrd tfdid (160 mg. 49%); FmMs: m/Z = 1503 (&,a,$)+. 
7 and cbxmc&isatkm of (a) (ss)-7, (b) (ssazp%. (c) (sIs)-9.4F’F~ and (d) (SS)-lOApF6: (a) (LB)-?: 
nnwurCar @T-L, pph3) of (SS.M14 in McCN gave o-7 in 92% yield, I& +25.8” (c. 2.M in CIiCl3). ClMSz m’z = 446 

CM+-)+: tHNMR (-3): g = 3.40 (t. 4H). 3.70 (t, 4@, 4.45 (s. 4w), 7.OG72O (m. 1OH). (b) (&5’)-&2PF~ Stating 

~4,4’-biWridineand(SS)-7,(~~~6waspsprradin~%yieldllsineaproccdare~~Iotbatemplolrediath: 
prcpsratioll of 3ZPI$ M.p. > 112T (dccoqp); [c& -28.8” (c. 0.8 in M&N); FABMSz m/z = 725 (.&PlQ)+; tH NMR 
(cJ&$N): g = 3.67-3.93 (m. 4H), 4.55 (a2HI. 4.634.69 (m, 4Ei). 6.76-7.1s (m. lOH), 7.77-7.81 (m. 4H). 82O-8.25 (m.4H). 
8.65-8.69 (m. 4H), 8.86-8.89 (m, 4H). (c) (SLS)-9..4p%: Starting &II BBBrpd{SS)-g~. (ss)-9AFFa was prepmed io 
23% yield using a procedure idetttical to that employed in the pepsntioa of 4.4Pb M.p. > 258T &camp); [a]D -34.90 
(c. 0.53 in MecN): Fmhf& I& = 1119 (bf-ppa) +: lHNMR(C!&CNk 8=339(m.2H), 3=18(m,2H).4_56(mutd~,4H 
amI w). 5.84 (bg, 4Hh 6.27 (m. 4HI. 6.86 Cm, 4m. 6.99 (m; 2fi), 7.70 (s.4H). 7.83 (m, 4m. 8.09 (m, sm. 8.35 (m. 4m, 
8.93 (m. 4HX Cd) MI-1OAPEk: BPP34ClO (62 mg. 0.12 mad), (ss)-g%% (50 mg. 0.06 mmol), mad BBB (15.2 mg. 
0.06mmol)waedissolvedindryMeCN(6mL)andtbesolutionwasstirradatroom~~Pndcraaitroeen 
atmoephaefffl4days. ItwastlenfJlteedandthcfiltr&cwas~todryne+s~giveahighlysoloumd mlidwllkb 
wasaub~tocdumnchmmato 
pmdnctwcrecanbitK&thea&ventswcrceMpqnoedoBF,aodtltc~ 
MeN0rwd=tUmkdlI+KNL+N&P& Theaqadclaycrwa9wasbedwcllwitbH2O,dried,andtkq~lv~1twas1wnoved 
to yidd pun? (Ss)-10.4P&, (8.2 mg. 8%); [& -20.4’ (C, o-049 io &fd?N’); FAM+f& m/z = 1656 (M-pph)+. cryoeds were 
gt?Wlt by WpOlU M Of i-&o intO a kfC&O SdU6Otl0f (ss)-10.4w,5. CkyBtal dBtx for (Ss)-l0.4~tjZ~~.H2O: 
artbo&mbic,a= 11.784(ll).b= 16.354@),~=49.526(52),A V=9S44A3, space gmupF212121.Z=4,p= 1.37 gem3, 
4116 im@eMentobeavedrcfkctiatswiUt [1F,I > 3u(U7& 2ec116q Mtttcd toR=0.135.Rw = 0.129. Asonlycu. 6O%of 
ulem~lmd~war:conaidacdtobcobsavcd,inordatomrintainareea4oableratio(dobsavrtimsto~acd 

cmlythcP.OandNatomswcre&incdanbbqhUy. l’kmmaihgnoa-h~gcatatomswae~ 
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