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Abstn&-Tbs synthesis of [2.2~2&2’.79oapbthakoopbaac - 1,ll - dkm 4 has baa effected by pyrolysis of the 
bh-sulpboxi& 10. in turn prepared by a ri~baction procedure of the [3.3ldithiafyclophane 7. The dine 4 has 
beta fully chpnctsrized by spc&owpic pad chcmicnl methods. The vsriabk-tcmpcratuc ‘H NMR spectra of the 
dkne 4 indicated that the compound undergw confonnatiooal flippii in sotin sod has a conformational energy 
bar&r At& 14.9 kcal mol-’ aod a coaksceoce temper&we T, W for the internal protons I& aad H: (at 100 MHz). 
These results dit& from Umse previously recorded. A complete assignment of the pmr qzecbum of the cyclophanc 
dkm 4 at 270 MHz is presented together with the spectnm~ of the corresponding saturated [22]cyckphane 3. 

Considerable information regarding the conformational 
Uipping of metaparacyclophanes (for example, 1 and 2) 
has been obtained2 and rationalized in terms of, (i) the 
energy-barrier requirements of a given substituent, X, 
and (ii) the bybr&.ation of the bridgiqt cmlnms between 
the two aromatic rings. Generally, it has been found that 
the unsaturated analogs 2 undergo a higher rate of con- 
formational t3ipping than do the corresponding saturated 
compounds 1 and in one extreme case,% compounds lb 
and a. it has been found that the ground state of the 
diene 2b is, in fact, one in which the aromatic moieties lie 
perpendicular to each other. It is thought that the lower 
energy-barrier to conformational flipping observed in the 
dienes is due to various factors” including, (i) larger 
C-CC bond angles within the bridging function which 
increases the distance between the interacting aromatic 

la X=Cti 
b X=N 
c X=CF 
d X-CD 

2a X=CH 
b X=N 
c X-CF 

rings, (ii) stabilization of the transition state by con- 
jugative interaction between the mera-bridged ring and 
the olefinic Et&ages, and (ii) a decrease in hydrogen- 
hydrogen non-bonded interactions along the bridges in 
the transition state. 

As part of our investigations into cyclophanes de- 
rived from naphthalenes, we undertook the synthesis 
of [2.23(2,6,2’,7’)naphthalenophane 3 and [2.2]- 
(2,6,2’,7’)naphthalenophane - 1,ll - diene 4, compounds 
which are closely related in structure to the [2.2]mera- 
poracyclophanes (1 and 2) with respect to the relative 
stereochemistry of the constituent aromatic rings. The 
mdapomcyclophanediine 2a undergoes conformational 
ilipping as shown in Scheme 1 and we anticipated that 
the naphthalenophanediene 4 should undergo similar 
conformational changes. We were particularly interested 

@@ 

3 4 

7 29s 9 R=SMe 

0 8 Z-SO, 10 R n SOMe 

scheme 1. 

2343 



2344 hf. N. Islwrnan and J. A. RELSS 

to determine the energy barriers to tlippii for both 3 
and 4 and to relate these to those values previously 
determined for compounds la and 2a. 

During the course of this work, Boekelheide and Tsai’ 
reported theii results 00 a series of naphthalenophanes 
also based on the 2.6,2’,7’-substitution pattern and which 
differedmarkedlybothtotheinitialresuttsthatwehad 
obtained, and to the general conclusions regarding 
saturated and unsaturated metoparacycbphanes in- 
dicated above. We record here the synthesis and charac- 
terixation of [2.2](2,6,2’,7’) - naphthalenophane - 1,ll - 
diene 4 and the investigation of its conformational 
mobility as determined by variable-temperature proton 
magnetic resonance studies. 

Synthetic tvutc 
The synthetic approach chosen was basically similar 

to that of Boekelheide and Tsai’ and involved 6rstly 
the formation of the dithiacyclophane 7 in 68% yield 
by reaction of the 2,7 - bis(bromomethyl)naphtha- 
lene’ g with the dianion of 2,6 - bis- 
(mercaptomethyl)naphthaleoeJ 6 under conditions of 
high dilution. Compound 7 was ringcontracted to the 
[22)cyclophane 9 under W@ reaction conditions’ (n- 
butyl lithium followed by methyl iodide). The spectral 
data were consistent with the compound beii a mixture 
of the possible structural/stereo isomers. Oxidation of 9 
with sodium period& in aq. methanol/dichloroet 
gave a high yield of the bissulphoxide 10 (again, as a 
mixture of isomers) and this on pyrolysis at 3o(p/SX 
lo4 mm yielded [2.2H2,6,Z,~hthalenophane - 1.11 - 
diene 4 as light yellow plates, m.p. 134-135’, in 40% 
yield. The generation of the diene by pyrolysis of the 
sulphoxide was the one major difference in our synthetic 
route to the previously recorded attempt’ We also pre- 
pared the bis-sulphone 8 and converted it to the [2.21- 
cyclophane 3 by pyrolytic elimination of the Sor 
functions, and found the physical properties of the latter 
two compounds to be largely in agreement with those 
previously published? 

NMR data 
At 27OMHz and -4tY, the diene 4 dissolved in 

acetone-&. showed a well resolved first-order proton 
NMR spectrum (F& 1). The spectrum consisted of four 
sets of magnetically nonequivalent protons, each set 
consisting of resonances due to to an ABX system and a 
vinytic proton as shown in the partial structure 11. 
characteristic of that portion of a 2-substituted naph- 
thalene. We have designated the protons in the 2,7- 
substitutedrine(toprineinstructllre4r)asbeingtbea,b 
and c protons, those in the Z,&substituted ring as being 
the d, e and f protons, and the vinylic protons as v and 
w. It was possible to assign most of the resonances by 
inspection (Table l), and those in doubt were 
subsequently assigned by comparison with the high 
temperatme spectrum (Fu. 2a) and also by selective 
homonuckar deuqGng at low temperatures. In parti- 
cular, homonockar decoupling established the relation- 
ship between the peaks assig& to (i) Hc and Hc’, (ii) 
Hd and Hd’, (iii) He and He’ and (iv) Hf and HP. There is 
some doubt in the assignment of the Hvlv’ and Hwlw’ 
protons. By direct comparison with the vinylic protons 
of [22](2,7)naphthaknopphaae - 1.11 - diene 12’ @Iv, 6 
6.57) and those of [2.21(2,6)naphthalenophane - 1,ll - 
diene ti (Hv, 8 7.29) we suggest that the high-field pair 
of doubkts Hvlv’ are adjacent to the 2,7disubstiMed 
ring and the low-tIeld pair Hwlw’ are adjacent to the 
2,6disubstituted naphthalene. 

At temperatures greater than loo0 the proton NMR 
spectrum (1OOMHz) of the dkne 4 (in DM!JO-ds) 
simpfitkd considerably into a first-order spectrum 
co&ning approximately half the number of resonances 
@ig. 2a). Once again, the assignments could be made by 
inspection and are listed in Table 2 togeUmr with tlm 
chemical shift vahses for the calculated spectrum 
obtained by arithmetic averaging of the chemical shifts 
of the appropriate interchanging pairs as seen in the 
frozen conformers at -4lY. The calculated chemical 
shifts deviate from the observed values by an average of 
OMppm dowrdkld for all protons except Hc. We can 
only attribute this to a solvent shift in changing from 
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Kg.2 (a)V~tem~PMRspechlofthediene4atlWMHziascetona~.~JpcctrumatlZPwas 
dctcrmbed ill Dhso-4) @) observui aml calculated spectra for the Hc and Hc’ protons. 

acetom at low tcmpmhm toDM%atbigb A acries of variable tern- spectra of the diem 4 
temperaWes. It is of interest to note that only the were dctcrmkd at 1OOMHz and over a temperahue 
paipbcfal protons exp&ttcc the solvent shift; the two rttn9c of -P to W and at intervals of 5” to 12”. These 
“inner protons” Hclc’ are apparently nnpatmhd by the m arc shown in Fu. 2 tagether with calculated 
effects of solvents Th coincihce of the calcuhtai and spectra for the exchange-Wened signals of tbc Hc 
~~cn$al +fts in the v tempmaturc spcc- and Hc’ protons. 

b!3ubaM our assl@lmenta The 100MHz proton NMR spectrum of the 
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Table I. 270 MHz PMR spectrum of dicnc 4 at -400 in acetone-d, Table 2. 100 MHz PMR spectrum of dienc 4 at 123” in DMSO-d, 
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[2.21(2,6,2’J’)naphthalenophane 3 at room temperature is 
recorded in Fig. 3 (which shows only the aromatic region 
and the aromatic protons have been designated as for the 
diene 4). The chemical shifts are included in the 
Experimental and the overall spectrum and assignments 
compare favorably with the other spectra already 
presented. 

The variable temperature proton NMR spectra of the 
diene 4 (Fig. 2) clearly shows that the molecule is 
undergoing conformational flipping. The two singlets at S 
4.85 and 5.65 suggest that the protons Hc and Hc’ are 
considerably shielded and that the Hc’ proton lies closer 
towards the centre of the ~-cloud of the opposed 2,6 
naphthalene ring than does Hc. On raising the tempera- 
ture, the signals due to Hc and Hc’ broaden and coalesce 
at 38”. and are observed as a single peak above this 
temperature. The diene molecule 4 must undergo con- 
formational isomerism as shown in Scheme 2 in which 
one conformer 4a interconverts to the other possible 

6.78 dd 0.5.2 Em 6.66 6.77 

6.89- d 11 Bv 6.96 6.07 

7.04 dd 8.5.1.7 w 7.13 7.04 

7.09 be IIf 7.20 7.11 

7.17 d 8.1 Ed 7.29 7.20 

7.30 d 10.7 llu 7.37 7.20 

7.49 d 8.8 aa 7.59 7.50 

l Calculated 6 valuea .m derived by l vsrqing 

the 6 valuem of chs appropriate lntsrcba~iq 

pairs of protoru .a observed at -40%. 

l * Detsminad by subtracting 0.09ppm (due to 

solvent shift) fra the Arithmetic Average for 

all proton6 other thm AC. 

conformer 4c via a transition state 4b which has a C2 
rotation axis of symmetry. 

From the exchange rates (k) calculated by line-shape 
analysis’ using a two-site exchange program, we have 
calculated At&=149+1.0kcalmol-’ AH +9.2 -’ 
LOkcalmol- and AS+L-17.3kl.Oe.u. ‘The value of 
AG’ is compared with those obtained for the related 
cyclophanes la, 2a and 3 in Table 3. It is apparent from 
Table 3 that cyciophanes 3 and 4 show the same general 
conformational bchaviour as has been previously obser- 

Table 3. Conformational energy barriers (AG*) 

TC% 
mQll&) 

AC* _1 

kcal.mol Ref. 

12.21Metaparecyc10- 157 20.6 (157%) [Zb.lO] 
Pbme q# 

[2.211Ietapar~cyclo- -96 6.3 (-96%) Ill] 
phancl.9-diem (&I 

IJaphthalcnophmc 36 14.9 ( 25%) 
l.ll-dima (2) 

Eaphthalanophme(,? 160 20.6 ( 25%) (31 

6.0 7.0 60 

8Ppm 

Fig. 3. 100 MHz PMR spectrum of the cyclophaoc 3 at W in CDCI, (X is due to CHCh). 
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ved for similar pairs of compounds in that the diene 4 
has a lower conformational energy barrier than the cor- 
responding molecule having sp’ bridging carbons 3. 
Compound 4 also has a larger energy barrier to tlipping 
than the diene 2a in the mctapamcyclophane series. This 
would indicate an increase in the steric crowding be- 
tween the two internal aromatic protons Hclc’ with the 
aromatic n-electron cloud which is not effectively 
relieved by any increase in the flexibility of the molecule 
due to small incremental changes in bond angles and/or 
bond lengths within the larger naphthalene moieties. 

The proton NMK data for the saturated cyclophane 3 
was in accord with that of VB and CHT.3 There is an 
overall similarity between the spectra of compounds 3 
and 4, (Figs. 3 and 1). The one major difference between 
the spectra is that the resonance frequencies for the 
aromatic protons of 3 encompass a range of 22ppm 
whereas those of 4 are dispersed over 3.2ppm. This, 
together with the relative down&Id shift of the He/c’ 
protons in compound 3 suggests that the two naphthalene 
rings in 3 are closer to being vertically stacked than in 

the case of 4. Molecular models also support this 
conclusion. 

The proton NMR spscbum of the Hofmann elimina- 
tion product m.p. 247-248” reported by VB and CHT’ 
suggested to us that they had obtained instead, [2.2]- 
(2.7)naphthalenophane - I.11 - diene 12 which has a 
recorded m.p. 239&W.’ A direct comparison of these 
compounds has shown this to be correct.’ 

The isolation of the [2.2](2,7)naphthalenophane - I.1 I - 
dine 12 from the [22](2,6,2’,7’)bis(methyffhtoroborate) 
salt 14 precursor by a base initiated l&elimination reac- 
tion’ poses an interesting problem. The product 12 which 
was obtained in only 696 yield by heating the salt 14 with 
ethanolic KOH under n&x for 14 h, may well have 
resulted from a 12- mment reaction through a 
[4.l.O]bicycloheptadiinyl carbonium ion (Scheme 3) al- 
though this is largely open to conjecture. &arrange- 
ments of cyclophanes are not without precedence; for 
example, the acid-catalyzed rearrangement of [2.2]- 
paracyclophane to ]2.2]metaparacyclophane is a useful 
method of preparation of the latter compound.‘* From 
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the mnss spectral dntn of the diene 4, we suspect that the 
6rst formed radical cation reananges with a consecutive 
loss of four hydrogen atoms to produce the radical cation 
of coronene, and such a sequence would probably also 
involve [2.2](2,7)naphthalenophane intermediates. 

-AL 

Mps are uncorrected. IR spectra were determined with a 
Perkin-Elmer 2.57 spectrophotomcter. Protoo NMR spectra at 
270 MHZ were dete&ii~on a Bruker HX-270 spectrometer at 
the National NMR Centre, ANU. Canberra, (Dr. A. J. Jones). A 
JEOL PSlOO PFT snectromcter was used to determine. (a) 
carbon mmetic resonance spectra at 23MHz. (b) variable 
temperature proton magnetic resonance at lOOMH2, arul the 
probe temperatures were measured with a c&rated thermistor. 
The high resolution mass spectra were determined on a JEOL 
DlW doubk focusing spectrometer at 7SeV. Microanalyses 
were carrkd out by the Australian Microanalytical Service, 
MClboumC. 

2.13 - ~~[3.3](2,6Z,73nopl~e 7. The titk 
compound was prepared in a similar fashion to that previously 
recorded3 and was obtained as white needks, m.p. 230-231 (ykld 
68%); PMR (CDCI,). 8 3.73, s (4H, -CH+): 4.06, s (4H. 
_CHs-S); 5.79, bs (2H, aromatic H,); 7.13-7.55, m (lOH, arcmatic 
H). {‘H) CMR (CDCl,/DMso_d3, singkts at 36.238.1 (lmnxylic 
C) 125.0. 126.3, 126.6, 126.8, 127.3 (2xC) (tertkry C); 128.8, 
130.9. (C-CH&; 132.0, 134.5, 137.0 (aromatic ring junction C). 
MS: M++2 at m/r 374 (9% rel. abund.), M* + I 373 (19), M+ 
372”1009 (63) [C&e!& requires: 372.10061 and fragmeotatioo 
ions at 187 (22). 186 (31). 1% (52). 155 (MO), 154 (14) and 141(Z). 
(pottad: C, 77.23; H, 5.38. Cak. for C&I&: C, 77.38: H. 
5.41%). 

1.11 - (or I,12 - )Bic(mcrhy/thio)[2.2M~6~,73_ 
naphthbnophanc 9. n-Butyl lithium in ether (5mmol) 
was added to a soln of the dithiiyckphane 7 (75Omg. 2mmol) 
in dry THF (15ml) under Ns at 2.5”, and the mixture was 
stirred for 3 min. Methyl iodide (1.42 8. 10 mmoB was added 
which caused rapid decokuri.&on of tbt solution. After the 
uiditioo of water, the mixture was extracted with CHsCls. The 
drkd extrncts were conceotratod and the residue chromato- 
8raplmd 00 silica 8eI (2.5 mm plate/hexan&enxeue.) yielding one 
main band from which was isolated 1,ll - (or 1.12 -)- 
bis(methylthio#22](26J,7?Rsphthlenophae 9 (690 m8, 8646) 
as a nak yellow nkss m.o. 64-65’. PMR (CDCW. 8 1.99-2.26, m 
(z>J&: 2.~.12,- q (6H, benzyhc H!;S.Sld.JII (5H; 

aroma& H); 6.5W7.89 (7H; uomabc H). {‘H) CMR 
(CDCl,), 8 15.4 (CHs-S); sin&m at 42.44-44.4 (be&k -CHs-) 
and 51.0-54.5 (benxylic C’s); and si@ets at 122.5-137.4 (aromatic 
C). MS: M++ 2 at m/r 402 (1496 RI. abund.), M+ t 1401(31). M’ 
490.1319 (100) [C&&s requires 4w.13191 and fmgmcotatioo 
ioos at 385 (13), 353 (25), 246 (46), 245 (18), 231 (40), 201 (42). 200 
(68) and 183 (32). (Foumh C. 77.W. H, 6.09. Cak. for t&H&: 
C, 77.97; H, 6.04%). 

1.11 - (or 

(3&m& 05 mmol) and sodium pariodate (32Om8. I.5 mmol) 
were dissolved in a mixture of MeOH (2OmB. Ha (1.5 ml) and 
ClCH#ZH&ZI (6 ml) and the solution was stirred for 20 hr at 25’. 
Excesswaterwasaddedamltlmmixtureextracmdwith12- 
dkhloroethane. Concenbntion of the drkd extracts yielded the 
S,S’dioxide 10 as a pale yellow glass (3OOm8. 93%). PMR 
(CI%‘ls), d 252-280. q (6H, CHs!lO-); 2.97-4.24, m (6H, beo- 
xylic CH and CH& 5.41-6.43. m (HI. shielded aromatic H): 
6.93-7.97, m (7H aromatic H). {‘H) CMR (CD&), groups of 
singkts at d 34.e43.4 (CH&W-) 68.9-725 (-SO-CH-); 121.9- 
135.6 (aromatic C). IR, v, 1040 cm-’ (stronq, S - 0). MS: no M+ 
could be observed, m/e 306 (8% rel. abund.), 305 (28). 304 (160) 
[M’- 2 X CH$DH], 303 (lo), 302 (U), 301(16), 300 (21). 276 (13) 
and 130 (23). (Pound: C. 70.0: H. 558. Cak. for C&I&J&: C. 

1.11 - diene 4. The di- 

sulphoxide 10 (200 mp. 0.46 mmol) was heated in a silica tube at 
socP/S x IO4 mm for 36 min. The pak yellow oil which conden- 
sed on the cool portion of the silica tube was chromatopraphed 
on a silica gel plate (25mm) with hcxane-benxeoc. The major 
band yidded the dknc 4 as I& yellow plates (55 mg. 40%) m.p. 
134-135”. PMR (C&,0 at -40”). see Tabk 1. PMR (DMSO-4 at 
1230). see Tabk 2. MS: M't2 at m/c 306 (5% ret. abund.). 
M’t I. 305 (29). M* 304.1252 (100) [&HI6 requires: 304.1252) 
and fragmentatioo ions at 276 (25) and I50 (17). (Found: C. 94.&o: 
H, 5.39. Calc. for C&,6: C. 94.70; H, 5.30%). 

2.2.13.13 - ‘fermoxo - 2.13 - dithiu[3.3H2,6X.7’) - 
naphfhulenophane 8. The dithiacyclophane 7 (3OOmg. 0.81 
mmol) was dissolved in a mixture -of glacial acetic acid 
(23ml) and benzene (2Sml) at IW. Hydronen oeroxide (35%. 
2ml) was added over 30min. The mixtuie was stirred for 
6 hr. cooled, filtered and the powder was washed with benzene. 
methanol and dried at lW/O.l mm to yield the bis-sulpbone 8 
(330 mg, 94%) as a white powder m.p. >-34fP. MS: M* t i at m/r 
438 (0.7% rel. abuod.). M’t 1 437 (1.4). M+ 436.o807 (6) 
&I&O& requires: 4&603]. and fr&n&ntation ions at 369 
(13), 303 (SO), 169 (24). 155 (100), 154 (86) and 153 (31). IR 
(Nujd): v- 1110 and 1310cm-’ (strong, sharp. s4_). I)ue to 
tbc compound’s low solubility, no NMR data could be obtained. 
(Founds C. 66Z? H. 4.58. Cak. for &&O&: C. 66.03: H. 
4.62%). 

[22M2,6X,73Naphrhalcnopbonc 3. This compound was pre- 
parcd after the methcd of Boekelheiie’ and was obtained as pak 
yellow orisms m.o. 181-1820 (lit.’ 17&172’). MS: M*+2 at m/c 
310 (7% nl. abund.,, M++ I 369 (29). M’ 3-08.1567 (100) [Cam 
requires: 308.1565) and fragmentation ions at I55 (2.5). 134 (89). 
153 (40) and 152 (24). PMR (CDt&). 6 2.48-3.51. symmetrical q 

(XI&, two sup&i~&sed ABCD-patterns), 5.51. bs (Hc’), 5.83, 
bs (Hc), 6.01. bs (Hf’), 6.07. dd (J 8.3 and 1.5 Hz, He) 6.23, d (J 
8.3 Hz, Hd). 6.94, dd (J 8.3 and 1.7 Hz, Hb/b’/c’), 7.01, dd (J 8.3 
and 1.7 Hz, Hb’k’lb’), 7.27, dd (I 8.3 and 1.7 Hz. He’Wb’), 7.29, d 
(I 8.4 Hz, Ha/a’). 7.41, bs 0.7.49, d (J 8.5 Hz. Ha/a’). 7.75, d (I 
8.3 Hz, Hd). (Found: C, 93.35; H, 6.60. Cak. for &Haa C, 93.46; 
H. 6.54%). 
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