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Abstract. The title molecules exhibit minimum barriers of 24-26 kcal mol 
-1 

to ring inversion; 
an X-ray crystal structure of the saturated phane shows the aromatic rings to lie in contact 
and stacked. 

We are interested in stereochemlcally-defined host molecules.' The title molecules (1 - 

and 1, Scheme 1) test the effect of tethering together the arenes of the parent [8.8]para- 

cyclophanes. 
2 

Previous work in this laboratory has shown that AG + for passage of fused arenes3 

or simple alkoxycarbonyl groups 334 through the cavities of these systems 1s 12-13 kcal/mol 

We now report that the short dlester bridges of 1 and 2 impose inversion barriers above ca. 25 - - 
kcal/mol.' An X-ray crystal structure of saturated 2 reveals that the arenes lie in contact - 

and stacked, the first three atoms of three of the four alkoxy fragments are essentially co- 

planar with the attached arenes. 

Scheme 1 outllnes the preparation of 1 and 2. - - Reaction of 1,3-dlbromopropane with acid 

36 (Et3N, DMF, 60°, 
8 

- 24 h)7 gave dlester 4 in 69% 
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Scheme 1. Preparation of 1 and 2. - - 

yield, oxldatlve cycllzatlon of 4 - 

OR RO 0 ---Z~ Q 

~cH,CEC-CECCH,~ b-Z_ b 

5 R=H 1 z= CH,CZCS, 
6 R=CH,CXH 2 Z= KH,l, 

[CU(OAC)~+H~O, pyrldlne, 44', 2 h]' provided dlhydroxymetacyclophane 5 (57%).8 Propargylation 

of 3 (HC'CCH2Br, K2C03, DMF, room temp., 20 h) - lo furnished metacyclophane dlether 6 (93%).8 
9 

Oxldatlve cyclizatlon of 6 [CU(OAC)~.H~O, pyrldlne, 42', 10 mln] afforded the difficultly - 
soluble 1 _8 ln40%yleld (18% Isolated yield after extensive chromatography). Reduction of 1 [H2 - 
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(1 atm), 5% Rh/A1203, EtOAc, room temp] gave 2 (81%).8 Mass spectra of 1 contalned no mole- 

cular ion, but the M' peak of 2 [m/e. 512.2412, talc. (C29H3608) 512.24001 showed 1 and 2 - - 

to be cyclic monomers. 

Table 1 shows the cycllzatlon shifts (A6 = 6 
- 'model 

)2 of 1 and L,ll upfleld 
2 

phane 
shifts are negative. Stiff 1 shows cycllzatlon shifts near zero, while flexible 2 shows - - 

Phane Model Solvent 
A6H-3 '&H-4 A6H-6 ^ 

1 7 z - 

ii6 

DMSO-d6 +0.114 -0.100 -0.036 

2 CDC13 -0.27 -0.30 -0.34 - - 

Table 1. Cycllzatlon shifts of 1 and 2, in ppm, model compounds appear 

bR 
7 R=CH*CICH 
8 R=CH@~~CH, 

at the right. 

substantial upfleld shifts, the cycllzatlon shifts of 1 and 2 closely resemble those of - - 

earlier slrmlarly-bridged phanes. 
2-4 

collapsed.2 

Thus, the arenes of 1 are held apart, while 2 lies 

The C02CH2 AB patterns (from irradiation of C02CH2Cl12) of 1 and 2 do not broaden slgnl- 

flcantly on heating, mlnlmum lnverslon barriers were set by bandshape analysis. 
3 

For 1 at - 

167°C in N&SO-d6, t 2 0.14 s, k 4 7.1 s -l, 
+ 

-l, + 
AG 440 h 24 kcal/mol; for 2 at 181'C in bromo- - 

benzene-d5, t I: 0.24 s, k 4 2.4 s AG 454 + 26 kcal/mol. 

+ 

Here t 1s the average lifetime, k 

the unlmolecular rate constant, and AG T the free energy of activation at To K; the dynamic 

NMR studies were performed at 200 MHz. 

These barriers are much higher than those imposed by fused arenes3 or monodentate 

alkoxycarbonyl groups. 334 Dreldlng models suggest that ring inversion of 1 demands somewhat - 

synchronous rotation of the two arenes; this condltlon may produce the higher barrier of 1, 

but seems unlikely to enforce that of 2. - 

Crystal data of 2. 
'2gH36'8; 

monoclinic; space group 

c = 17.037(3) i; B-100.20(2)', Z = 4, dcalc = 1.34 g/cm3. 
17 . 

P21/c, a = 14.899(3), b = 10.144(3), 

The structure was solved by 

direct methods," and refined [based on the 4595 reflections with F. 2 b BUD and sine 0/x 6 

0.649 i-l] anlsotroplcally for C and 0 atoms and lsotroplcally for hydrogens to a final R1 

value of 4.2%. Figure 1 shows the structure. 
13 

Figure 1. Stereoview of 2, viewed parallel to the lower [C(23)-C(28)] arene, hydrogens 

omitted for clarity. 
18 
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The arenes lie 3.5-4.5 tY apart, roughly the contact distance. The dihedral angles of the two 

longer bridges appear rn Table 2. The 0(15)-O(22) bridge has an approximate local C2 axis and 
++ ++ 

a torsional-angle sequence of aag g ag g aa, 

canes14 

sunllar fragments are found in cyclotetrade- 

and 14-crown-4. 
15 

Local C2 symmetry for the 0(1)-O(8) bridge would drove C(7) into a 

carbonyl oxygen, O(36); instead, C(7) twists toward the opposite arene. 

C(27)-C(26)-0(1)-C(2) 16.3' C(ll)-C(12)-C(15]-C(16) 15.0° 

C(26)-O(l)-C(2)-C(3) 178.5' C(lZ)-O(lS)-C(l6)-C(17) 169.3' 

O(l)-C(2)-C(3)-C(4) 56.0“ 0(15)-C(16)-C(17]-C(18) 65.5' 

C(2)-C(3)-C(4)-C(5) 83.8" C(16)-C(17)-C(18)-C(19) 69.9' 

C(3)-C(4)-C(5)-C(6) 109.9O C(17)-C(18)-C(19)-C(20) 148.5' 

C(4)-C(5)-C(6)-C(7) 62.4' C(18)-C(19)-C(20)-C(21) 65.6O 

C(S)-C(6)-C(7)-O(8) 173.8" c(19)-c(20)-c(21)-0(22) 59.4O 

C(6)-C(7)-0(8)-C(9) 134.9O C(20)-C(21)-0(22)-C(23) 174.8' 

C(7)-O(8)-C(9)-C(10) 62.3O C(21)-0(22)-C(23)-C(28) 5.0° 

2. Table Dihedralanglesof the 0(15)-0(22) and 0(1)-O(8) bridges of 2 _* 

Thus, collapse of 2 requires considerable klnklng of the hexamethylene spacer. l6 The 

crystal conformation of 2, which is consistent with the solution cycllzation shifts, may be 

dictated by any or all of 1) arene stacking, 2) allcyclic conformational preferences, 14-16 

3) con;lugation of the carbonyl and arene pi systems, 
17 

and 4) similar conJugation of the Afl_CH2 

lone pairs. The close similarity of the cyclizatlon shifts of 2 to those of related "mono- 

cyclicV' phanes 
2-4 

- 

suggests that those phanes adopt similar conformations. 
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Figure 2 shows the systematic numbering of 2. In the stereoview above (Fig. l), the - 

0(1)-O(8) bridge 1s at the right, the O(lS)-0(22) bridge at the left, and the C(9)-C(14) 

arene at the top. 
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Figure 2. Systematic numbering of 2. - 
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