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Whereas extensive work has been dmctd toward the stuhes of condensed benzenord cyclophanes,’ 

cyclophsnes denved from the btphenyl system have received less attentton Several biphenylenophane 

systems however have been employed successfully as precursors to novel aromauc benzenord compounds2” 

whrle others exhtbrt nnerestmg conformatronal behvaror.7-‘o The drthtabrphenylenophane (1) was earlier 

reported” to be chiral, the two sets of methylene protons appeared as two AB systems whtch mmamed so 

mdependent of temperature up to 15OT Thrs result may be consrstent with erther a ngid pseudo-syn 

conformatron (la) or an cqnhbrmm among conformers wtth a ngrd brphenyl moiety and a mobtle 1.3~bndged 

rmg. Results from dynamrc ‘H NMR spectroscoprc stu&es of cyclophanes (LD7 and (6)a9 however have 

shown that these systems ate conformahonally mobile Molecular models of (1) also suggest possible rmg 

fhppmg of the 1.3~bndged rmg although the pseudo-rotanon of the brphenyl moiety mtght mvolve a larger 

energy barner The above observanon has prompted us to retnvesugate the conformatronal behavior of (1) 

The fluoro denvatrve (2), the related lpbrrdged and 1,2-bndged systems (3) and (4) were also prepared to 

allow a more comprehensive comparattve study. 

Intramolecular couplmg reacttons of 2,2’-brs(mercaptomethyl)btphenyl (7)” wtth (8),r2 (9), (10) and (11) 

respectively under hrgh drluuon con~nons’3 gave the destred dttbtabrphenylenocyclophanes (1) - (4) m 42, 

51, 51 and 62% yteld In then respechve EI mass spectra, only a moderate or weak molecular ton was 

observed but the various fragmentatton processes mvolvrng cleavage of C-S bonds were very srmilar among 

all four drtlnacyclophanes (1) - (4) The melttng pomt (123-127°C) of a sample of (1) obtamed m our work 
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was significantly lower than that (147-15PC) reported.” A molecular ion observed at mlz 349 (M+l) 111 

the Q mass spectnnn of our sample and a sat&factory m~croanalyhcal analysis however helped to confirm 

the stmctore of (1). The rcspmive smactures (l)-(4)arealsowellqportedbythe’HNMRspectraldata 

(Table 1). 
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Table 1. Product Yields and ‘H NMR (300 MHz) Chemical Sti for Diduacyclophsnes (1) - (4). 

For all four diduacyclophanes (1) - (4) the methylene protons are dustereotop~ If the lnphenyl moiety 

IS conformahonally ngxl, even when the Lfbndged nng undergoes fhppmg in (1) [(lb) * (lc)] or (2) [@I) 

* (2b)], the 1 +bridged ring undergoes free rOWOtI in (3) [pa)] and the 1,2-bridged ring undergoes ring 
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mversion in (4) [(4a) * (4b)l. Each pm of methylcne protons are thus magne&caUy non-eqmvalent and 

expected to appear as au AB quartet in the mg~on of 63.0-4.0 (Table 1) In prmclple each of (1) - (4) would 

havetwosetsofABquartetsbatonly(l)bebavesasexpected. Onesetofmethylenepmtons in(2)mfact 

war as a smglet at 6 3.64. I)lasttnotapc AB protons of methylene groups of the C!H$CH~ bridge(s) m 

several thm- and d~thmcyclophanes have however been reported to exh& identical cheoucal sh&s.‘4*‘5 On 

the other baud, the two sets of AB quartets m each of (3) and (4) presumably have Ident& chemical sh& 

and thus are un~~1vc.d. Sunihu phenomena went also obse~~ed’~~‘~ m other related cyclophane systems. 

The aromatic protons of (3) and (4) appear as multiplets and are not sufficiently well-resolved. Those of 

(1) and (2) however could be assigned nspectwely which m fact help m confhmmg therr confomonal 

discussion) 

Figure 1. COSY ‘H NMR spectrum (CDCl~; 500 MHz) of tiduacyclophane 

All eight protons m the two benzene rings of the tiphenyl moiety in a II@ conformahon such as (la) 

or @a) would be expected to be magnetmlly non-eqmvalent and result m complex multiple couphng 

patterns. The ‘H NMR spectrum of (1) and (2) (Table 1) however shows well-resolved sunple sphttmg 

patterns more collslstent with averaged signals resultmg fkom rapid mterconversion processes (lb) * (lc) and 

(2a) * (2b) mspectively within the NMR tune scale. Based on the ‘H NMR spectra (300 MHz) obtamed 
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from a serres of decouphng expenments usmg a sample of (1). orrho couphngs were evtdently observed 

between srgnals at 6 7.74 aud 7.36, and 6 7.21 and 6.99 The expected de&&hug of H5.14 by the 

amsottoprc effect of sulfur due then close proxmuttes helps assign the doublet at 6 7.74 to H5.14 On the 

other hand H8,ll are slightly shmlded by the respectwe adjacent benxene rmgs in the biphenyl moiety and 

correspond to the doublet at 6 6.99. Thus the other srgnals could be assigned to H6.13 and H7,12 

respectively (Table 1). The above asstgnments are well supported by the COSY spectrum (500 MHZ) of (2) 

(Figme 1) showmg the respectwe couphngs among H5-8,11-14 In fact the respectwe chermcal shifts of 

these aryl protons in both (1) and (2) am very snnilar (Table 1). 

The protection of H24 mto the cavrty of one of the btphenyl nngs m (1) results m the srgmficantiy 

shtelded smglet at 6 6 30. H20-22 m (1) are however unresolved and appear as a broad smglet at 6 7 13 

Wrth the mtmductron of fluorme at C24 m (2), H21 bemg pura to fluorme is shrfted about 0 25 ppm upfield 

as expected. H-F couphngs (J = 7 3 Hz) between H20,22, whrch appear as a trrplet at 6 7.14, and fluorme 

are clearly evrdent (Figure 1). Assrgnments of the bndgmg methylene protons are based on a COSY 

spectrum of (2). Long-range couphugs rue observed between the smglet at 6 3.64 [C(1,18)EE3 and the mplet 

at 6 7.14 (J520,22), and one doublet of the AB at 6 3 15 [C(3,16)Hz] and the doublet at 6 7 79 @X5,14) 

By analogy, the methylene protons m (1) could thus be asstgned (Table 1) 

(1 a) (1 b) (1 C) 

When a sample of (1) was cooled from 283K to 183K, only shght broadening of the two AK quartets 

were observed but more srgmkant changes were noted m the AS (&, - 5,) values (Frgute 2b) Apparently 

the conformattonal bsrner to ring flippmg m (lb) * (162) is very low without resulting m a frozen 

couformatron such as (lb) or (lc) wtiun the temperatum range studred. The change 111 A6 could be due to 

a combmanon of solvent shrft effect and a change m the rate of fhppmg of the 13-kdged rmg leadmg to 

a change m the chenucal shrfts of the methylene protons Slrmlar phenomena have been observed m other 

dlthlacyclophanes.~7 In the htgh-temperature study (Frgure 2a) between 308K and 443% chenncal shtfts of 

the two AB quartets and then respectwe A8 values remamed practrcally unchauged. Thrs 1s consrstent wtth 

restricted pseudo-rotation in the biphenyl moiety wrth sn energy barrrer e&mat&* at >90 kJ mol-’ The 

transmon state (12) m the pseudorotatton m (1) mvolves a planar biphenyl morety. Molecular models of 

(12) of (1) mdrcates severe angle stmms (large angle S) and stenc strams between H8 and Hll due partly 
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to the geometnc demand of the 1,3-brrdged nng The high energy bamer to pseudo-rotauon m (1) Is not 

unexpected as mcemization stud~es~~~~ of some opttcally acuve 2.2’~brrdged biphenyl systems gave the free 

energy of acttvatton m the range of 85-105 kJ mol“ The flu010 derrvattve (2) behaved very similarly m 

the htgh-temperature dynamic ‘H NMR study. No sign of coalescence of the AB quartet was observed up 

to 423K correspondmg to an energy bamer of >80 kJ mole1 
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Results from the conformattonal study of (3) ate also snmlar to those described for (1). The A8 of the 

AB quartet whtch &d not coalesce remamed pracucally constant between 298K and 383K (Ftgure 2a), 

suggestmg an energy bamer of >75 kl mol-’ for the pseudo-rotauon of the btphenyl moiety m (2). In fact 

molecular models of (X2) of (3) ticate even larger angle and sterrc strams due to the geometnc demand 

of the 1,4-brrdged ring In the low-temperature study (Figure 2b) however the A8 values changed 

srgmficantly Thrs could agam be due to a solvent shrft effect and a change m rate of rotauon or ulting of 

the l&brrdged rmg 

Molecular models of (12) of the duhtacyclophane (4) mdrcate the least angle and stertc strams among all 

three members due to the more flexrble 12-membered macrocycle m (4). Inversion of the 1,2-bndged rmg 

[(4a) * (4b)] IS expected to pmxed freely and thus it was no surpnse that no frozen conformer of (4) could 

be observed m the low-temperatum study, although the change m A6 values wrthm the temperature range 

of 297K and 173K (Figure 2b) IS the most srgnificant among all three dithiacyclophanes studred. As a 

sample of (4) 111 C&NO, was warmed from 298K to 35X, the AB quartet (S, = 3.24, S, = 3 34) 

broadened and eventually coalesced at 316K (TJ At 351K a sharp smglet was observed at the averaged 

posmon (63.30) of the llllhal AB quartet. This Is conststent wrth an addmonal conformattonal process 
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mvolvmg a raprd mterconvers~on (4a) - (4c) [(Sb) * @I)] due to pseudorotatron m the brphenyl moerty. 

When both the processes (4a) * (4b) [(4c) * (4d)] and (4a) * (4~) [(4b) * (4d)] are fast withm the NMR 

tune scale, each pair of the two sets of AB methylene protons become enantiotoprc or magneticahy equivalent 

and thus appear as an averaged sharp smglet. An esmnate of the energy bamer for the intemonversron 

process (4a) L (4c) [(4b) * (4d)] could be obtamed from the coalescence temperatum (T& method.‘* As 

shown m Fkgure 2a, them IS no stgmficant dependence of the frequency separatton (Av) of the AB quartets 

on tempemture in the high temperatum studres of (1) and (3). Thus the chemical shrft d&r-exe (Av) at 

T, (316K) m the dynannc NMR study of (4) was assumed to be very similar to that at 298K (Av = 58.2 Hz) 

The transmon state free energy at coalescence, AGtG, could then be e&mated Tom the equation: AG*, = 

0 OlWJ9.972 + log T, / kJ Id mol.‘, where k, (rate constant for the exchange at T& = r&2 (A$ + sI*)’ 

The AGtC value (an esnmate of the conformauonal bamer) for (4a) * (4c) [(4b) * (4d)] IS thus calculated 

to be 619 kJ mar’ - a value stiar to the range of 40-75 kJ mol-’ repo# for the energy barnem 

to mversron of cot&matron m several sunple 2.2’~brrdged brphenyl systems 

Our observation has indicated that the conformat~onsl behavtor of both (1). (2) and (3) do not mvolve 

pseudo-rotatton m the biphenyl morety. Based on the detatled ‘H NMR spectroscoprc analyses of the 

aromattc protons, (1) and (2) clearly undergo the resepcttve tllppmg processes (lb) - (lc) and (2b) * (2~) 

of the 1,Zbrtdged rmgs mstead of adoptmg r&d conformauons (la) and @a). The &duacyclophane (4) was 

found to be conformationally the most mobile and exhrbns the two-step conformational processes of (4a) * 

(4b) WC) * (4d)l and (4a) * (4c) W) * (WI respectmly 
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