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A&rxt--Tcmprnfure dcpendcnr NMR qxctra of Csubsfirulcd tcrrakrsl ? ?.?.!]paracyclophane (4’.PCP) were 
mcaturcd al low lcmperalurc. The hrgh field \hdr al low lcmpcralurc was rcmarkablc for the proton\ mrra and poru 
IO an electron wirhdraumg and/or bulky ruhsfrtuent. While Ore chemrcal shift change was \er) small for the aromatic 
pcolons of 4’-PCP bcarmp a nol so bulky and electron donalmg sub\tiluenl. From Ihesc observations iI 15 concluded 
fhal the rolarlon or vihrarion of a benzene bearing an electron withdrawmg and/or bulky suhsfltuenr around 
(‘+C,-C._(‘. as,\ was mcreasmgly frozen as the temperature decrcaxd IO a more slablc “lareral” (or half “lateral”. 
rhe mrermcdiary \lalc helwccn “face” and “IaIeral”‘) conformalmn. m an inlercslmg contrast IO Ihe favored face 
conformation of un\ub\uluted I”.PCP al low lempcrarurc as well as a~ rcmm tcmpcrarurc. 

In preceding paper\. the authors reported the syntheses 

and propertic\ of [!.2.2]trisparacyclophanc.’ 
[2.2.2.2]telrakisparacyclophane’ and higher 12”jparacy- 

clophanes (cyclic n-mcr of pxylylene).’ where 
[2.2.2]trisparacyclophane or [‘.‘.‘.‘]tetrakisparac)- _ _ _ _ 

clophane (4“-PCP) was demonstrated lo have bcnlenes of 
“face” rather than “lateral” conformations” in a 
statistical sense’ on the basis of NMK spectroscopy.’ 

In this aflicle. the authors wish IO report the 

temperature dependent KYR spectra of 4”-Pc’P’s bearing 

a substituent on a benzene ring. 

pendent on the temperature as shown in Figs. I and 2 for 
4-nitro 4’-PCP and 4-bromo 4’-PCP respectively, as 

typical examples. 
The observed chemical shift differences of o+. m- and 

pprotons from 31.5” lo -60” are listed in Table I. And lhe 

temperature dependence arc shown in Figs. 3 and 4. As is 
apparent from Figs. 3 and 4, the chemical shifts of m- and 

pprotons were in an approximately linear relationship 
with lhc temperature and a slope of a “line” (observed 
temperature sensitivity) was characteristically dcpendcnt 

on nature of a suhstiluent where bulkiness (nitro. 

neazrs A.. mscu~Moh5 

Preporation of substituled I’-PCP. Preparation of 

parent 4’-PCP (Is) and some of its derivatives. Ib, Ic. II 
and lg. was described in rhe preceding paper.’ Bromo-V- ‘7 
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PCP (1~). cyano-4”-PCP (1~) and diethylamino-4”-PCP 
(Ib) were prepared according IO Scheme I. 

NMR spectra K;MR aromatic absorption of 
[?.?.?.Z]paracyclophane. In. was singlet at room tern- 

peralurc. while that of a Csubsiirutcd 4”-PCP (Ibhl was 
spread over a moderafely wide range (6 6.22-7.42) as 
expected from that of simple aromatic compounds.‘.” 
However. the observed 6 values were markedly de- 
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Fig. I. Temperature dqxndent SMR absorpflons of aromatlc 
proton\ of Cnilrol!.?.!.?Iparac~clophane in C’S: with IO0 MHt. 

TMS as an mrernal standard 
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fig. 2. Aromalic NMR absorptions of 4-bromol2.2.2.2lparacracyclophane at II 5” (kfr) and -W (right) in CS,. wlrh 

100 MH7. TMS a an internal standard. 

Tabk I. Temperature dependence of chemical shift of Fermti with respect IO o. m- and pprolons’ 
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Fig. 3. Temperature dependence of the chemical shifts of Fig. 4. Temperature dependence of the chemical shllfs of 
m-protons (6,) of substituted rcrmtiitres. pprotons (6.1 of substituted rcrmkusrs. 
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FIN 5. Assumed poIcnIial curve of \uhstiIuIcd [!.!.!.!]paracgclophane (dotted IIW: unsubstitutcd paracyclophanel 

N.h’-diethylamino or acelyl) and/or electron withdrawing 

property (nitro. acetyl. cyanol seem IO shift absorption of 
m- and p-protons effectively IO the higher field at lower 
temperature. 

The second point IO note is that the observed magnitude 
(and sign in the case of hydroxyl or aceloxyl. although 
small in magnitude) of the shifts were not the same for c+. 
m- and p-protons of bcnzenc bearing a substituent. In lhc 

ca.sc of 4niIro[2.2.2.2]paracyclophanc, for example. S, 
was less affected by temperature change (Fig. I). A6 
(6, -6 ,uIl L ..O.O7ppm. while fi, and 6, showed 
remarkable upfield shifts (AS = +0.64 ppm for both) from 
+46” to -100“. Similar situation was observed for other 
4subsIituIed 4’-PCP. To an interesting contrast. the 
observed chemical shift of parent I”-PCP. in which the 
“face” conformation is favored.’ ’ was little affected by 
temperature change and only the high-field shift of 
--0.02 ppm was observed from 31 5” IO - 70”. 

Conform&m c-hanKe in the pnrucyclophunt. These 
interesting findings seem IO he correlated with the 
conformation change of a 4cuhstituted 4”-PC1 at 
different temperature.‘ A bulky suhstituent may cner- 
gctically destabilize the “face” relative IO the “lateral” 
conformation of hcnzcne bearing the suhstituent due IO 

the steric repulsion between a suhstituent and the protons 
of other benrencs. leading IO lateral. face, face. face 

conformation (which will he called as the (face’ lateral) 
conformation). In this (face’. lateral) conformation. a 
suhstituent turns IO the outside of macrocyclic molecule 
(Fig. 5). which results rcmarkahle upficld shifts of the m- 
and p-protons bccausc of the enhanced Iransannular 
shielding by the other “face” benlencs. 

An electron wtthdrawing suhstitucnt may stabilize the 
X-“lateral” (face’ X-lateral) conformation prohahly 
bccausc of dipole-n mteraction shown in 1Il. and as the 
temperature decreases pc>pulation of II increases. As is 
apparent from Figs. 3 and 4. protons m- or p IO a (bulky 
or electron-u ithdrau inpr suhstitucnt arc s111l shifting IO a 
higher field even ;II -80“ or Mow. suggesting that the 
energy difference between the face and lorerul con- 
formation is small. 

For a substitucnt not bulky. not electron-withdrawing 
(If, Id). the temperature dependence of chemical shift was 
as small as for unsubstitutcd ]?.2.2.2]paracyclophane. 

EumImxrAl. 

.Uofrrial~ Compounds la. lb, Id, If and lg were prepared 
according IO the methods described.’ 

4.bmmol2.2 !.?lparac-wlophanr fIcl.Br, IO !I ml) was dir- 
solved in 30 ml (‘Cl.. To a sIirrcd suspension of 0. I g Fe powder in 

10 ml CCL. Hr,+oln (3 ml) u.:\ added al once. Then 27 ml of Ihe 

Rr, soln was added dropwise IO ~hc shrred mixture. AfIer Ihe 

addlrion was over. the mixlure was sIirred at room Icmp for I day 
and then washed uiIh KaHSO. aq. dd HCI. waler and NaCl aq and 
dried over Na,SO.. DisIiJlaIron ofi the \olvenI gave 2 OC g of a 

while WM. the part of which (I.04 g) wa\ chromamgraphcd on 

silica gel. FirsI elutmn urIh 5% dichloromethanc-petroleum e~hcr 
gave dn iujmcric mIxlure of dihromc~2.2.2 !]parac)clophanc 
(390 mg. 0.613 mmok. 37%) as a while solid. IR (KRrl: 3OIM. _?XlO. 

2840. lC97. 1505. 1485. 1430. 1035. SO3cm ’ 
Further eluIion gave C3H mg (I 09 mmok. 6%) of Ic as whrIe 

cryslals. Ic uas recrysIallizcd from EIOAC and Ihcn from 
benzene; m.p. 1!4.5-I?? 5’; IR IKRrl: _S95.291!. 283O.l!lO.I43~. 
1040. Ill?. ?IWcm ’ (Found- C. 77 0; H. 6 I’. (‘ale. for I’,,H,,Rr: 
C. 757; H. 6.319) 

4-h’ \i-U’rfhv/amino[!.? 2.2 .I ]paraqc/ophant (lb). A misfurr of 

dtcrhylaminc (bml) and sicwlium amide (2g) was refluxcd wrIh 
rhrring for 20 mm To Ihc &red mrxturc war added a \oln of Ihe 

<rude hromo-O.PCP (480 ng) dl\solved In dicIhylarninc (20 ml) 
The mlxIurc was rcfluxed for 3 hr and sodium amide (I gl wa\ 
added. AfIcr IRK mixture u’s rcfluxcd for an addiIional I hr. water 
was added and ~hc mrxIurc was exIracIed wiIh ether. The erhcr 
cxtrac~ was washed wiIh NaCl aq and dried over NaJO. AfIer 

dlsrilling ol7 the solvenl. a rcsldue was ohfamed. whlsh was 

chromarographcd on drca gel. Elution wiIh 50% bcnrtne 
pctrokum cIhcr gabe lb (!(H mg, 0.42 mmok. 50% yzlds hwcd on 
Is used) as while cryslals; m.p llIWl19” (from EtOAc): IR 

(KBrl 2995. 2%. 2830. 1510. 1437. 1412. 1377. 1242. WIO. 
Wcm ’ (Found. C. IiR.46; 11. 8.48. (‘ale. for C,H.,S C. 88.66. 
H. X47%). Further elulion wiIh knrcnc-pcIrolcum eIhcr (!/I) 
gave XS mg of an addrrional compound which was IcnIaIrvcl) 

ar+md as the impure IL (0 Is?mmok. 18% hased on la). IR 
(KBr) .3&M. 2970. 2925. WO. 1510. 1495. l43(. 1412. 124s. Xl!. 
8O.Ccm ’ 

CCvano(!.! !.!~parar~r/ophane (Icl. A pars of ~hc crude 

bron&‘-DCP (CM mp). cuprou\ c)arudc (I34 mgl. qumolinc 

(IC ml) and pyridlne 12 ml) were mixed and Ihc mixlure was healed 
a1 220” for 8 hr under Ihc N: Then IO the cookd mIxIurc cIhcr wa\ 
added and ~hc ether layer was washed IWICC wlIh 2xck aqueous 
ammonia. IWICC wrIh dil HU. SaHCO, aq and rhcn \a~ SaCI aq. 

The ether layer WJ\ dried o\er Na$O. and concenIraIed. The 
residue was chromalographcd on \Ilica gel 11) give Ic IWmg. 
0 20 mmok. 2-S y~cld baud on la used) as an only maIcrral from 
lhc clu~c wtIh knrcne-pcIrolcum ether (l/l) Crude Ic was 
rc-chromarographed on stlica gel with knrene lo grve pure Ir as 
while crystals: m p. 118.5I2Q. mass spectrum. m/r (rclaIive 
inlenrilyl 441 CM’. 2X). 207 (281. 193 (14). 149 II!). II7 (I!). I05 
(231. Iod (1001. IR (KBr) 3000. 2925. !R?O. 2110. I’M. 1435. 
8l!cm ‘_ 

SMR mwsurrmnf Vanahk Icmp SMR spc~ra were 
measured by using Varran HA100 and Jcol NMR 6OH. Tcmp wa\ 
determined hy ~hc NMR ckmtcal shift dlffcrencc klwecn 
hydroxyl and MC proIon\ of .Wd)H. 
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