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In extentlon of our studies on [7)(2,6)pyridinophanes, 1 the present report 

deals with the synthesis and properties of (7)metacyclophane (I) and its 1%bromo 

derivative (II) having the same heptamethylene bridges. 
2 

Intramolecular aldol condensation of cyclododeoane-1,4-dlone3 (III) with 

methanolic NaOH gave a bicyclic enone (IV, 872, b.p. 950/2 mm, IR 1696, 1646 cm", 

M+ m/e 178),4 which was converted to the corresponding ally1 alcohol (V, 86%. 

b.p. 96O/O.l mm, IR 3320 cm-l, M+ m/e 180)4 on lithium aluminium hydride reduc- 

tion. The treatment of V with CHBr,-t-BuOK' afforded 13-bromo(7)metaoyclophane 

(II) in a 32% yield (m.p. 47.5-48.50, IR 3070, 3055, 1572 cm-l, MS m/e 254, 252 

(M+), 173 (M+ - Br)).4 The direct formation of II is asoribed to the spontaneous 

aromatization of the intermediary dibromocarbene adduct (VI). The llthlation of 

II with n-butyllithium and the subsequent quenching with water gave (7'l)metacyclo- 

phane (I, b.p. 115*/4 mm, IR 3105, 3061, 3030, 1610, 1590, 1490 om", M+ m/e 

174)4 in a 70% yield. 13-Deuterio derivative (ID, IR 2258 cm" ($,), >0.96d/ 

molecule) was also prepared in a similar way using 99.8% deuterlum oxide as a 

quencher. 

I X=H III Iv X,Y= 0 VI 
ID X=D V X=H, Y=OH 
II X=Br 
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The PMR 

the aromatlo 

speotrum of I is shown in Fig. 1. In oontrast to that of m-xylene,6 

protons showed a split signal, in whloh one proton (g7.43) was 

deshielded to a oonsiderable extent (,a. 0.4 ppm). This signal was assigned to 

the C-13 proton, sinoe it was absent in the PMR of 13-deuterio derivative, ID 

(Fig. l).7 The doun-field shift of the C-13 proton Is attributed to the van der 

Yaals offoot' of the surrounding heptamethylene ohaln rhioh Is exerting a sterio 

compression on the aromatlo proton. 

The PEW speotrum of the heptamethylene protons oonelsted of three groups of 

multlplets at room temperature. The remarkably high-fleld signal (s -0.18) Is 

assigned to e protons on C-4, as that of the C-4 protons of [7)(2,6)pyrldlno- 

phane has been observed at 6 0.16. The heptamethylene signals of I were tempera- 

ture-dependent as shown In Fig. 1. At -73.5°r one of the C-4 protons showed an 

PM? signal at S -1.33. The low-field oounterpart was possibly concealed behind 

the multiplets of the other methylenes. These signals of C-4 protons ooalesoed 

at -27.60. 

The shielding effeot in I is asorlbed to the dlamagnetlo ring ourrent of 

the benzene ring. 9 An inspeotlon of the molecular models of I lndioates that 
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Fig. 1. The PMFi Speotra of I at Different 

Temperatures (60 MHz) and The 
VII' 

1 

Aromatlo Part of I and ID (100 

MHZ, 31+0 
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euoh an extreme oonformatlon as VII ie most plausible energetloally and that, In 

VII, one proton (II,) on C-4 18 foraed olose to the j2-aloud of the benzene ring. 

Above room temperature (up to 950), the heptamethylene bridge appear8 to be 

flipping up and down and Its protons Show average Pm signals. The energy barrier 

(dGc,) for the conformational ohange (VII-VII') of I was estimated to be 

11.5 koal/mole (at To -27.60),11 whloh 1s larger than that oi (7)(2,6)pyrldlno- 

phane (Act,, 9.0 kcal/mole, T, -75.5Ol.l This faot lndloated undoubtedly that 

the lone pair of pyridine nitrogen la eterioally less bulky than the aromatlo C-B 

bond.12 Horeover, 2,6-dithia[7)metacyolophane13 had the amaller AG), value 

(10.2 koal/mole, T, -500 at 100 MHz) than I. The flexibility introduoed by inoor- 

porating two eulphur atoms may be asoribed to the i'aot that C-S bonds are longer 

than C-C bond8 and C-S-C bendingrequlreeleee energy than C-C-C tmndlng. 

The heptamethylene ohain of 13-bromo derivative (II) seem to be fixed 

rlgldly even at room temperature as shown by the PMR spectrum (Pig. 2). The 

signal of one proton on C-4 appeared at c -1.86. An extreme oonformer similar 

VII, but more orowded, nould explain thi8 unexpectedly high value. The signal 

to 
Of 

the benzylio methylenes appeared a8 an AB part of ABCD-type signal, of uhloh para- 

meters were oaloulated by first-order approximation as follow8: tin s 3.37, vB 6 

2.68, JAB 13.0, JBc = JBD 4.5, JAD 10.5, JAc 4.6 Hz. 

/ ( 

“‘4 ; 
L .._. _ I __. 

--2 
_i_ -I _.~_____A._ 

7 6 1 (0 0 -1 -2 -3 
Fig. 2. Pm speotrum of II (In CDCl. at 31°, 100 MEz).~~ 
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