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Hindered rotation of the aromatic ring in paracyclophanes with suitable
length of bridge was first demonstrated by the successful optical resolution of
the oxygt:n-containing paracyclophane CH2)10 D D2
(1) by Luttringhaus and co-workersz.) Br j DZ
Of the avallable spectroscopic AR
W COOH D

(2)
proved to be the best suited for the direct examination of this sort of

technlques, n.m.r. spectroscopy has

internal rotatlon, and Cope3) made the elegant kinetic analysis of spin-coupled
nmr spectra of (2) tc obtailn the rates and activation parameters describing the
interconversion of enantiomers of (2),

In this communication, we report examination of the rates of interconver-
sion (3} (4)2(5), Dbetween the enantiomers of each of five inherently chiral
paracyclophanes (3a)~(3e) with the diastereotopic methylene protons which become
indistinguishable on rapid 1nterconversion.u)
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a, n=10, X= Br
b, n=ll, X=Br d, n=12, x=C02c2H5
c, n=l2, XmBr e, n=12, X=0H
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Bromomethylation of [n]paracyclophanes (n=10, 11, 12)5) afforded the
corresponding bromomethyl derivatives: l2-bromomethyl[10 Jparacyclophane (3a),
b.p.131=132*/0.1 Torr, n2D31. 5591; 13-bromomethyl[1l Jparacyclophane (3b), b,p.
134-=135°/0.1 Torr, n2§1.5587: 1li4=bromomethyl (12 Jparacyclophane {3¢), b.p.l4l=
142¢/0.1 Torr, n3J1.5561.

14~Carboethoxymethyl[12 Jparacyclophane (3d), b.p.152-153*/0.6 Torr, n2D9
1.5148, was prepared from the bromide (3¢c), Via the nitril, and the alkaline
hydrolysis of (3c) gave llhehydroxymethyl[l2]paracyclophane (3e), b.p. 172-
173°/2.0 Torr, n3l1.5346.*

6)

The nmr spectra '’ of the methylene protons of the bromides (3a) and
(3b) 1in hexachloro=1,3-butadiene show typical AB spectra whose shapes didn't
show much change on heating up to 160°, indicating considerably high barriers
of rotation in these cases.,

If it 18 assumed that the bromomethyl group and carboxyl group exhibit
similar steric effect on the racemization, the upper limit of optical re-
solvability of [n]paracyclophane carboxylic aclds could be extended to 13-
carboxy[11 Jparacyclophane from the lower homolog 12=-carboxy[10 Jparacyclophane
which has been successfully resolved by Blomquist and co-workersz).

Each of the AB spectra of the compounds (3c), (3d) and -{3e) at room
temperature, collapsed to a single sharp line on warming.

Determination of the rate of interchange of protons leading to this
collapse was carrled out using density matrix procedure7).

Typical observed and calculated spectra are compared in Fig,1 and the
coupling constants and chemical shifts used in this variable temperature
analysls, together with the coalescence temperature (Tc) and Arrhenius acti-
vation energy (Ea) are given in Table I,

It seems pertinent here to mention that the Arrhenius parameters given
in Table I are for the whole interconversion (3)& (4)=2(5), and not just for

the internal rotation of the benzene ring through the loop of the bridging
chain,

* New compounds and their derivatives prepared in this work have been charac-
terized satisfactorlly by elemental analysis and various spectroscopiles,
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The considerable substituent effect, OH)Br) CozczH5 probably reflects

the order of thelr steric hinderances in the (4)&(5) process,

126° T 0.0015 65° T 0.024
L\ AN

106° 0.0032 55°¢ 0.030
95° Q 0.0043 391/\/\/\/(26.].

85 0.0078 26° 0.16
,,A_‘ ‘/\/U\/\_

76° 0.014 2° 0.66
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Fig.1l., Obgserved (——) and calculated (<+++) spectra for the -CH,Br

protons of li-bromomethyl[l2]paracyclophane (3¢) as a function of

temperature. (T : lifetime in second)

Table I,

Coupling Constants and Chemical Shifts used in Variable-

Temperature Analysis,

Tc: Coalescence Temperature;

Ea: Arrhenius Activation Energy.

Temp. ;o s Jag Tc Ea

Compd. Solvent ranse( c) (cﬁg) {cps) (*C) (kcal/mole)
(3a) a 23~161 18.5 10.1 161
(3b) a 23~162 18. 4 10.0 162
(3e) a 0~126 15.0 10.1 65 11.3x 0.4

b 12~143 15.3 10.3 61 11.7x 0.5
(3d) b 11~151 8.9 15.5 60 6.520,6
( 3e) a 9~163 19.5 13.5 74 13.3+0.6

Solvent: a, hexachloro-l, 3-butadiene; b, nitrobenzene.
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