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CYCLOPHANES VI. TEMPERATURE DEPENDENT CONFORMATIONS OF 3,6-DIKETO[8]-

(1,4) NAPHTHALENEOPHANE AND 3,6-DIKETO[ 8] (2,5) FURANOPHANE
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A temperature dependent conformational change in the

aliphatic chain of 3,6-diketo[8]naphthalenophane is

observed by variable temperature nuclear magnetic res-

onance spectroscopy;

the energy of activation for the

process is 9.4 * 0.2 Kcal/mole. For 3,6-diketo[8] (2,5)-

furanophane the conformational change of the chain is

more facile than that of the ring with a conservative

upper limit for ring rotation of about 9.1 Kcal/mole.

Recent conformational studies on cyclophanes has centered on the rotational

behavior of the aromatic moieties within the cyclophane macrocycle.2 Little work

has been carried out on the conformational mobility of the aliphatic chain in

[n]cyclophanes.3 We have studied the dynamic behavior of 3,6-diketo[8] (1,4)naph-

thalenophane (I)la by variable temperature nmr spectroscopy and have observed a

conformational change in the aliphatic chain which is temperature dependent (see

Figure I).

The aromatic portion4
ed in Figure II at various
singlet observed at 7.17 6

ture). This absorption is

of the nmr spectrum of naphthalenophane (I) is record-

temperatures.

Of significance for this study is the

in the -40° spectrum (also observed at room tempera-

due to the a and b naphthalenoid protons and is indic-

ative of their magnetic equivalence above -40°. There are two conformational

Figure I

Ib

changes available to this molecule
to magnetically equate these two
protons: 1) rotation of the naph-
thalene ring about an axis passing
through the naphthalenoid 1,4-car-
bons and 2) the flipping of car-
bons 3,4,5 and 6 of the aliphatic
chain as indicated in Figure I.

Of the above two processes, the
former is excluded by the non-
equivalence4 of the Hc and Hd

protons, 3.4 &, (both at high and
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low tem.p.)5 and by analogy with 3,6-diketo[8] paracyclophane in which the aroma-
tic ring has previously been shown to be immobile.3 Thus the equivalence of the

a and b protons is due to the rapid interconversion of the aliphatic chain. When
the temperature is lowered and the process is retarded, coalescing begins to
occur, and beyond -80° two absorptions begin to appear for the now non-equivalent
a and b protons, ultimately giving rise to an AB quartet at ~105°. Assuming a
coalescence temperature (Tc) of -85°, this conformational process corresponds to a
rate of flipping of 61.2 sec-l and an activation energy AG:E of 9.4 + 0.2 Kcal/mole.
This energy barrier is quite similar to the 9.3 Kcal/mole barrier observed by
Whitesides3a for the analogous‘conformational change of the aliphatic chain in
3,6-diketo[ 8] paracyclophane, and indicates that the outer fused portion of the
naphthalene ring has a minimal effect on the conformational behavior of the ali-
phatic bridge.

We have begun a similar variable temperature nmr study on 3,6-diketo[8] (2,5)~
furanophane (II) (see Figure III) in an attempt to observe the conformational
changes of both the aliphatic chain and the less-bulky furan ring. Indeed at
room temperature both processes are rapidly occurring as indicated in the nmr
spectrum of II at 25° (see Figure IV). The singlet for the furanoid protons (Ha
and Hb) at 5.85 5, the singlet for the Hg and Hh protons on the carbon atoms be-
tween the two carbonyls at 2.76 § and the A,B, pattern for the Hc and Hﬁ furfury-

lic protons and the He and H_ a-carbonyl methylenic protons centered at 2.74 &,

all attest to the simultaneois ring and chain inversions. Lowering the tempera-
ture to -95° causes a broadening of the aliphatic absorption6 but maintains the
sharp singlet character of the aromatic absorption. This indicates that the
barrier for ring rotation is higher than
FIGURE II for the chain flipping process. Since
total coalescence did not occur down to
-95° we can at present only set an upper
limit of ca. 9.1 Kcal/mole7 for the

.J”t__,ﬁm__/\’ -70° activation energy for the rotation of

the furan ring. The energy barrier for

4f{,_.fﬂ,_,ﬁ\_ —_ac® the chain flipping process must be even

lower since coalescence of the furanoid
8
AN e protons has not even begun at -95°.

This upper limit of 9.1 Kcal/mole is

J/\___j\‘,,\,\\ —95° however lower than the 9.4 + 0.2 Kcal/
mole observed for the chain flipping

process in I and indicates the greater
JJLka_ B ease of chain flipping in 3,6-diketo-

85 82 79 76 7.3 70 67 [8]ecyclophanes when a naphthalene or
i ppm

benzene3 ring is replaced by a furan
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ring.
Figure T A more detailed analysis of
the variable temperature nmr

spectra of the deuterated ana-

0 logues of II as well as the pyr-
E-*> rolo- and thiopheno-3,6-diketo-
Hq \\———- [8]phanes is in progress.
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