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Alutrxct--Variable rempcrarurc SMR \pcc~ro\cop) was uted IO stud) the conformauonal behavior of 

[!.!~?.~)fur~noparacyclophanc (I). [!.2J(!.S)furandl,4)naph~halenopham (2) and I?.!W!.!)furano(9,lO~nlhr- 
acenophane (3). while lk method was u~ful in srudymg I. iI was not adequate for 2 and 3. Variable rempcraturc U\ 
absorption and fluortrctncc emission studies provided mformatlon on rhc conformauons of 2 and 3 The Ut 
absorption and emission tpcc~n of I were bluethrfted relrti~c IO iku ambrent tempcrzfure \pcctra. Tho$c of 2 were 
no15hifred at all and those for 3 were red-shifted. The data is con&lent with an anrc-orlentallon of the aromatic ring\ 
m 2 both at ambient and low tcmpcrnnc. The aromaric rings in 3 arc perpendicular IO one another at low temperature 
and probably al room tempcralure as well Eriplcn bands sere absent rn ok room temperature emission specka of I. 
2 and 3 as well as the IOU. temperature spectra of 2 and 3. An cxcipler band was obscned m hr low temperature 
emission spectrum of 1 

Variable teIIIpCihKe SMR spectroscopy is commonly 
used to study molecular conformational changes.’ With 

the aid of this technique it has been demonstrated that 
initial assumptions’ concerning the parallel orientation of 

the aromatic groups in cyclophanes do not provide a 

complete picture of the conformations of these molecules. 

Indeed. this technique has been used extensively IO study 
the rotational behavior of the aromatic moieties within the 

cyclophane macrocycle.” Accumulated evidence indicates 
that ring inversion processes. such as that described in 

Fig. I, take place and are very much dependent on. (a) the 
hyhtidiration and number of atoms in the bridging chains 

(which fix the sire of the internal cavity’). (b) the size of 
the atom or group of atoms passing through the 
cavity. ti’.4 and (cl the substituents on the aromatic 
rings.” The majority of these studies have been carried 

out on [m.n]cyclophanes where m and n equal IWO. three 
or four; bridging chains with greater than four atoms give 

rise IO a cavity which offers little restriction to the rotating 
aromatic nuclei.‘” Previous studies on cyclophanes in 
which the x and/or y rings in the generalired structure 
given in Fig. I are benzenoid,‘*+“-‘-’ naphthalenoid,“br’O 

anthracenoid.“” ‘I furdnoid.“’ pyrrolonoid.” thio- 

‘In this arficle ~hc word parallel is uxd IO denofe near parallel 
orientauons as uell. 

r 

phenoid.” dnd pyridinoid.” and are bound 10 one another 
via IWO atom bridges in a mere or pora fashion. have 

exhibited activation energies CR,,) of from about 
7 kcallmole IO greater than 27 kcallmole for the rotational 

process. 
As indicated in Fig. I, a transition state for the A IO C 

interconversion involves a perpendicular orientation of 

the IWO aromatic groups. The internal interactions and 
angle bending required lo pass this point are major factors 

which contribute directly IO the energy btier. Available 
data do not exclude the possibility that a perpendicular 

orientation may represent a relative energy minimum at 

the top of the energy barrier for the conversion of A IO C 
or C to A (Fig. 2). This orientation could occupy an energy 
Well if an attractive interaction is present between the Iwo 
aromatic rings in the perpendicular orientation (.....in 

Fig. 2) or if the parallel+ orientation of the rings in 
conformers A and C are rendered more highly energetic 

by increased n-n repulsion (----in Fig. 2). In view of the 
above we embarked on a conformational study of 

[2.2](2.5)furdnoparacyclophane (1). [!.2](2,5)furano(l.4) 

naphthalenophane (2). and [2.2](~,5)furdno@.lO)anthra- 
cenophane (3) in order IO elucidate the energetics of 
furan ring inversion in these compounds and IO see whether 
the IWO aromatic rings in 3 exist in a perpendicular confor- 
mation. 
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Rg I. The rotational behavior of an aromatic group in a cyclophanc. For lk sake of brevtfy only nnc rmg IS shown 
undcrgomg rk rotatw)nal process. Ring y i$ also potcnGally capable of rotation. 
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rotates (Fig. 3) with an E,, of 1 I. I kcallmole tT(- -40°C). 
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Variable temperature NMR spectra of 2” were recorded 

c \ from -90 IO t 175” using standard techniques. In accord 
\ 

;” 
.’ with prevtouc results for [!.2](s.5)pynolo(l.l)naph- 

\ *’ 
: \ *. thalcnophane (4).lb no spectral changes were 
‘0 

\ l/i/ a \\ 
recorded over this temperature range except for minor 

. I’ 
*. .’ 

broadening of the bridge proton signals a1 60”. 

These slightly broadened peaks exhibited no further 
change upon cooling to -W. This effect is attributed to the 

A B C freezing out of small conformational motions. The data 
-__ ..-- 

Angle of Row on c; 
indicates little about the conformational changes in 2. 
except that the syn- and onriconformations are sub 

Fig. 2. A gcnerahrrd energy diagram for the rotational process stantially different in energy (Fig. 4). Because of this 

described in Fig. I. energy difference. the higher energy syn-conformation is 

2 3 

IO the plane of the anthraccnc ring or that it freely rotates 
about an axis passing through its 2.5-atoms (Fig. 5). 

VTShfR studies on I” ” Indicate that the furan ring 

not populated to an cxtcnt at which 

NMR specml data 

Compounds 1.“’ 2” and 3” have been svnthesired 
previously. The room temperature NMR spectrum of l* I’ 
is consistent with a freely rotating furan nucleus as 
indicated by the magnetic equivalence of the four 
benzenoid protons (s, 3.351). Compound 2 shows a room 
kXIpXitUrC NMR spectrum”-‘~‘O indicative of a single 
conformation of the furan ring and has previously ken 
shown to exist in the anri-form (Fig. 4 conformer A). 
Aside from the unusually large shielding of the furanoid 
protons (s. 5.02~). the room temperature KMR spectrum 

, , , 

of P” provides some interesting conformational infor- 
mation. The eight anthracenoid protons appear as an A& 

B 

s . 

pattern (2.47) and the eight bridge protons as an A:X: 
pattern (6.X7r). This indicates that 3 is either frozen in a 
conformation in which the furan nucleus is perpendicular anti 
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Fig. 3. ‘IIIc rotational behavior of I (along with ~hc energy dlagram for the process) as depicted In a 3dimcnsional 
view (upper) and as viewed along an axis bisecting IRK IWO two-carbon bridges (lower). Note the non~planarily of Ihe 

knzenc nng and ok orientation of the furan ring relatrvc IO the knzene nng in structures A and (‘. 
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Rg. 4. The rotafionsl behavior of 2 (along with a hypo1hctrcal cncrgy diagram for 1hc process) as depic1cd m a 
3Jimcnsional view (upper) and as bicwed along an axl\ bivclmg lhc IWO Iwo-carbn bridges (lower) h'olc lhe 
non-planariry of the bndging-ring of the naphthalene nucleus and Increased 1-1 inleraclion of 1hc furan and 

naphlhaknc ~-cloud\ in C 

changes are observable by NMR. It should be noted that 
rhe thiophcne analogue of 2. (!.~]l~.s)thiopheno- 
(1.4h1aphthalcnophane (5) has been isolated in both 
the sun- and an&forms hut attempted thermal In- 
terconversion (5.~ IO unri) resulted in decomposition.“’ 
‘I‘hc harrier IO rotation in 5 is high enough so that both 
forms are isolable but is IOO high for thermal in- 
terconversion without bond fragmentation (i.e. decom- 
position occurs prior IO thiophene ring inversion). In 

contrast, only the anti- form of 2 (and also 4) has been 
isolated which indicates either a low syn and anfi 

rotational barrier or more likely, a continued increase in 
energy due IO greater n-n interaction as the rotation 
continues from B to C (Fig. 4). This is consistent with the 
observed temperature independent NMR spectra of 2 (and 

4). 
Variable temperature NMR spectra of 3 were also 

recorded in the range of -70’ IO 4 IW and here again no 
spectral changes were ohserved. In contrast IO compound 
2, conformations A and C of 3 (Fig. 5) are energetically 
equivalent. The identical conclusion drawn from the room 
temperature spectrum of 3 is applicable once again i.e. 
either the rotational barrier for the A to C interconversion 
is extremely low or the furan ring is perpendicular to the 
anthracene nucleus.+ In addition if one compares the 

+II should be pornted WI 1ha1 ~hc SM(K spec1rum of 3 is no1 
reprexnlalive of a conformation m which the furan ring spend5 a 
majtiry of rime 1il1ed toward one Gdc of ~hc anrhraccnc nucleus. 
[2.2)(2.5)Thiophenof9.lO)an1hracenophane (8) has been prepared 
and has been shown, by the noncqulvaknce of IIK proms in ~hc 
ouler rings of the anthracenc nucleus (Fig. 6). IO exisl m a 
conformation m which the aromalic rings arc no101 perpcndrcular. 

Ra. 5. The ro1a1ional hehavlor of 3 (along wrth an energy diagram for rhe IWO po~ble processes discussed in lht 
ICXI) b\ dcptcted In a 3dimenrional view (upper) and as viewed along an axls b&ring fhc IWO two-carbon bridges 
(lower). NOIC the non-planan1y of the centA nng of the anthracene nucleu\ and ~hc incrcascd Z-I in1craclions in 

bo1h A and C relative IO H. 



(‘. il. SHAZA n al. 

Fig 6 Cakula~ed and observed chemical shift differences (Ar) between thiophenoid and furanoid protons in 3 and 8 
based on observed chcmrcal shift dtfferences of rhe same protons in 2.5.8 and 7. The numbers next IO he vertical 
arrows indicate the chemical shift differences between protons on a given hcteroaromatic nuckus in ODC phanc with 
lbc same protons in a phanc containing a dlffereni second aromatic ring. The numbers along the horizontal arrows 
m&ale chcmrcal shift difference\ between furanord and rhrophenold protons in phancs hearing an identical second 

aromatic ring (Data taken from Ref. 61). 

chemical shift differences of the furanoid and thiophenoid 
profonsW in 2, 3, 6, 7 and 8 (Fig. 6) it is evident that the 
futanoid protons in 3 should appear at a higher field (by 
co. 0.33 ppm) than that observed.” For a perpendicular 
conformation these protons, though more centered in the 
shielding cone of the anthracene ring, are much farther 

away from the shielding influence of that ring. Therefore 
they should be less shielded. as is observed. 

A number of the above observations relate IO the 
possible perpendicular orientation of the aromatic nuclei 
in compound 3. Since the NMR spectrum of 1 is 
temperature dependent, structure B in Fig. 3 represents an 
energy maximum for the interconversion. The only 
difference between structures 1 and 2 lies in the extra 

fused aromatic ring. As is indicated by the temperature 
independence of the hi;MR spectrum of 2. this added fused 
portion of n-electron density forces an anti-conformation 
(A) on 2. Thus while the rotation of the furan ring going 
from 2A to 2B should be possible energetically by analogy 
with IA to 1B. continued rotation IO 2C represents an 
energy increase due to increased n-a interaction. 
Similarly, formal addition of another fused aromatic ring 
to 2A to give 3 should cause the furan ring IO rotate away 

from this added n-n interaction. However unlike 2, 
where u-n interactions may be minimired by adoption of 
an anri-conformation (2A). any conformation in which 
angle q (Fig. 5) is different than 90” would cause increased 
n-n intcrdctions thus forcing a perpendicular orientation 
of the IWO rings. As stated above. n-n interaction is not 

the only factor which determines conformational cncr- 

tSsc Ref. 61 for another possible m\lanrc of perpendicularity. 

gies. However. for the furano-compound series I, 2 and 3. 
considering what (a) the 0 atom with its lone pair of 
electrons can easily pass through the cavity in I, (b) 2 
exists cxclusivcly in the anfi-conformation and (c) 
compound 3 shows no A (or C) conformer by NMR, u-r 
interaction may be assumed to be a major factor in 
determining the rotational energy barriers in 2 and 3 and 
probably causes 3 IO exist in a perpendicular con- 
formation. 

No documented instance of a perpendicular con- 
formation of cyclophanyl aromatic moieties existed until 
recently when the synthesis of (2.2](2,6)pyridino paracy- 
clophane-19diene (9) was reported.“+ X-ray analysis’” 
indicated a perpendicular orientation in the crystal. The 
NMR spectrum, which was temperature independent 
down to ca. - 1 lo”. exhibited a singlet for the benzcnoid 
protons demonstrating either a very low barrier to 
rotation or a perpendicular orientation in solution. 
Compound IO on the other hand undergoes rapid ring 

IO ‘I’, -43.5” 

AG’ = 10.7 kcallmolc 



cyclopha 

inversion above -43.S”. The perpendicular orientation of 
the pytidine ring relative to the benzene ring in 9 seems 
less a function of n-n interaction than of conjugative 
stabilization between the double bonds in the bridges and 
the pyridine n-system. Conjugative stabilization is also 
observed for [2.2]metaparacyclophane - 1.9 - dienc (II). 
The energy required lo slow down the rotation of the 
meta bridged ring in 11 is 12.3 kcallmolc less than is 
required for [2.2]metaparacyclophanc (12).“‘.” While the 
increased size of the cavity on going from I2 to 11 (due to 

A(;* - X.3 kcallmole 

11 

an increase in angles (I and /.t will allow easier passage of 
the C-H group of the meta-bridged ring during rotation. 
the change in closest approach of the C-H group to the 
n-cloud of the parabridged ring is still too small for 11 to 
exhibit such a low harrier without invoking stabilization 
of the perpendicularly oriented meta ring by conjguation 
with the IWO double bonds. 

Electronic spectral data 

In an attempt to define more accurately the pos- 

sibilities for perpendicular orientation of the aromatic 
nuclei in 3 and IO further explore methods of obtaining 
conformational data on energetically non-equivalent 
conformers such as in 2 (and 4) we chose to study the UV 
absorption and emission spectra of 1. 2 and 3 at room 
temperature and at liquid nitrogen temperature. The 
rational for this approach was that as the oxygen of the 
furan ring in 1.2 and 3 passes through the cavity defined 
by the cyclophanc macrocycle. the geometry and n- 
system of the non-mobile aromatic nucleus should be 
perturbed; an effect which should be observable in the 
electronic spectra of these compounds.r “ Since the 
conformational behavior of 1 is known from variable 
temperature NMR data. its absorption and emission 
spectra at room and low temperature provide a standard 
for the study of 2 and 3. 

The absorption and fluorescence emission spectra for 1, 
2 and 3 at ambient and liquid nitrogen temperatures 
(hydrocarbon glass) are given in Figs. 7-9, respectively. 
Figure 7(a) shows general differences between the room 
(25”) and low (- I%“) temperature CV absorption SpXtKi 

of 1. Freezing produces a blue shift at almost every 

The variable temp 4;StR mcrhod utilizes the obscrvarron of 
coakrccnce of peaks a\sociatcd with magnetically nonequivalent 
protons located tn conformers of equal. or nearly equal energy 
(such as A and C in Rg. 3). An ad&d advantage of a probe which 
monitors lhc electronic system is that any conformational change 
which perturbs the s-electrons should bc observable whether or 
nor rhc conformers involved arc of equal energy. 

~II has previously been crtablirhcd by Cram rhaf ahwrption in 
the X0-?W)nm region IS a\o&tcd with dcvustrons of the 
bcnrcne ring from planarity and thnt bathachromic shrftr of 
15-M nm can k ohurvcd I” 

HE\-VII 10115 

wavelength and the peaks are sharper and more intense. 
The blue shift of the A,. at 244 nm (25”) lo A,, 240 nm 
(-1%) suggests a decrease in tr~nsannular effects 
between the furan and benzene moieties at low tcm- 
perature. while the blue shift of the shoulder centered at 
co. 2&t nm (215”) IO 270 nm (- 1%‘) suggests a decrease in 
distortion of the benzene ring.t At room temperature the 
furan ring of I is flipping rapidly with respect IO the NMR 
time scale. The furdn oxygen passes through the cavity 
distorting the benzene moiety and the UV absorption 

tsfo 

- 20.6 kcallmole 

I2 

spectrum represents a benzene ring that is being 
constantly bent out of plane by the flipping furan. At low 
temperature the rings in 1 are frozen in a parallel 
arrangement with the benzene ring less distorted (i.e. 
closer to planar) and thus more resonance stabilired. 

These results are corroborated and amplified by the 
emission spectra of 1 at rmm and low temperature (Fig. 
7b). Aside from the new band observed at 4% nm in the 
low temperature fluorescence spectrum of 1, which WC 
believe to be due IO an intramolecular exciplex.” the 
significant differences between the ambient and low 
temperature spectra are increased intensity, increased fine 
structure and a hypsochromic shift of 35 nm in the low 
temperature spectrum. Thus upon cooling (as indicated by 
NMR spectra) the rotation is slowed and the benzene and 
furan rings are approximately parallel to one another. The 
less distorted benzene ring gives rise to fluorescence at 
shorter wavelength. This factor most likely accounts for 
only a small part of the observed shift. The additional 
shift found in the fluorescence spectrum is accounted for 
when it is recognized that though absorption is always a 
Frdnck-Condon process. emission may occur from the 
Frdnck-Condon stale. from an equilibrium excited state. 
or from an intermediate geometrical configuration. Kor- 
das and El-BayoumiX have shown this to be true in other 
sterically crowded molecules containing two interacting 
chromophorcs whose interaction is modulated by tor- 
sional vibration. For 1. emission at 215” occurs from an 
equilibrium excited state (populated by rapid torsional 
relaxation from the Frdnckl’ondon geometry) whereas 
emission at -1%” occurs from a higher energy Franck- 
Condon state with the aromatic rings parallel to one 
another. 

The NYR of compound 2 indicated an anri-con- 
formation and the temperature studies pointed to an 
essentially non-mobile system. Absorption and emission 
SpCCtG3 (Fig. ga. b) substantiate these data. At -I%” the 
absorption spectrum of 2 (Fig. 8a) shows the appearance 
of fine structure and a red shift of 3 nm in the 238 nm band 
and I nm in the 220nm band. The band centered at co. 
290 nm in the room temperature spectrum decreases in 
intensity but is not shifted at low temperatures. It has 
been demonstrated that the ultraviolet absorption spec- 
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Fig. 7. (a) Ulrraviokr ahsorprnn specrra of I at 25” and -1%” in 5: I 2.methylbutane: merhylcyclohcrane. (h) 
~luoresccocc cmrssion spectra of 1 al ?Y and - 1%’ in !methylburane 
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Fig. 8. (a) Ulravlokt ahsorprwn spectra of 2 at 25’ and -1%’ m 5.1 Z.merhylhulane~methylcyclohexane (hJ 
Fluorescence emission spcc~n of 2 a~ 25’ and - 1% in !.merhylhurane 
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trum of naphthalenc undergoes continuous bathoch- 
romic shift up IO a maximum of 2-3 nm on going from 

20“ IO - 183”. this being accompanied by an increase in fine 
structure.” Thus the bathochromic shifts observed in 2 

are most likely attributable IO the same factors which 

cause bathochromic shifts in naphtha1ene.t 
In summary, there is no real net shift in the absorption 

spectrum of 2 on cooling IO -1%“. substantiating the 
N.MR result that 2 is in an onriconformation al both room 

and low temperatures and exhibits only negligible 

conformational mohilily. 
Again. this conclusion is strengthened by the room and 

low temperature fluorescence emission spectra of 2. As is 

evidem from Fig. gh. intensity increase and appearance of 
fine slructurc are characteristic of the low temperature 

fluorescence spectrum of 2. There is. however, no shift of 
the emission band on cooling. This lack of temperature 

dependence indicates that the molecular conformation 
changes little if at all on cooling; the furan nucleus has the 
same orientation at room and low temperatures. 

Anally. for compound 3 the electronic spectra arc 
consistent with a perpendicular orientation. As is ob- 

served in Fig. 9(a). [he absorption spectrum 31 - 1% 

shows a general increase in fine structure and shift IO 

longer wavelength. ‘The numerous wavelength changes 
are summarized in Table 1. These shifts suggest additional 
distortion of the anlhrdcene ring at low temperature. II is 
found. however, that absorption SptXtm of 9,10_dimethy- 
lanthracene (Table 2) show similar (though not identical) 

red shifted maxima at low temperature suggesting that the 

tlf the red shift a~ 241 nm were the resulr of the penc~ra~ion of 
the naphrhalcne a-cloud by rhe furan oxygen. rhrs perrurbarion 
should alw cawc a decrcav rn abuqtrion intensity What I\ 
observed. howe\cr. IS an mrcrwiry increase ar thal wawkngth. 
mosl probably the normal low rcmpcralurc inlenrrly increase of 
Ihe naphthaknc chromophore 

c-- .25’ 

s.96’ 

Tabk I. Wavekngth maxima and differences bclwccn maxima in 
the 25’ and -196YJV and vrsible absorption spectra of 3 

25. - 1%. 
L- -.na 

243 (Sh) 244 41 

249 (Sh: 

249.5 254 5.5 

258.7 262 4.3 

270 212.2 2.2 

371.) 375 1.e 

393.5 397 3.5 

415 421 6 
---- 

Table 2 Wavekngth maxima and differeocer bcrwecn maxima m 
the ?I’ and -1%” LV ahsorprion spectra of 9.lOdimethylanrh- 

racene 
- 

25. -1%. A 
2 

242.5Eh) 244.5 2 

250.5 (Sk: 

251 253 2 

259.5 262 2.) 

shifts for 3 are. al leas1 in part. the usual kmpCniUre 

shifts observed for the anthracenc moiety. 

The fluorescence spectra of 3 (Fig. 9b) are in accord 

with the perpendicularity of the IWO aromatic nuclei in 
this molecule. The bathochromic shift in the low 

temperature emission spectrum of 3 indicates greater 

l-1-r-r ----I-7 -T--T--T’ -r -7 7-7 
J 

200 220 240 160 zeo woo 3.20 540 36a 380 4cc 423 3m400 500 600 

nm ml 

Rg. 9. (a) Ul~ravmle~ absorption rpccrra of 3 a! 2.5’ and -1%’ m 5 I 2.mcfhylhulane.merhykyclohexane. (b) 
l+luorescence emissron spectra of 3 af 2s” (cyclohexane) and - 1%’ (2-methylbutane). 



distortion of the anthracene ring at low temperature. 
Moreover. emission is apparently from an excited state 
which is lower in energy than the state which emits ai 25”. 
The conformation which is frozen out at - 196” is the one 

in which the furan ring is perpendicular to the anthrdccne 
nucleus. Since, by NMK there is no change on cooling (to 

-70”) and since the room temperature SpCctNm indicates 

either perpendicularity or a small oscillatory motion of the 
furan nucleus (not reaching a parallel arrangement, by 
analogy with 1 or 2) we conclude that in a glass the 
perpendicular orientation represents an energy minimum. 

At room temperalure a small oscillatory motion probably 

allows the strain of the severely puckered central ring of 
the anlhracene nucleus 10 be relieved slightly. An energy 
diagram for this roIational process is given in Fig. IO. 

Three additional observations which may have some 

bearing on the perpendicularity of the aromatic rings in 3 

can be made. The first relates to the synthesis of 3. Yields 
as high as 40% (of 3) along with only IO% of 13 and only 

trace amounts of 14 are isolated during the Hofmann 

I , 

-- - _ - .-._-- 
Anq~e of Rota!~ca 9 

Rg. 10. Anenergydiagramfor IheroIaIionprocessdepicIcdinF~. 5 
in which S~NCIU~C B is shown IO reside in an energy well. From the 
argumcnrs given in the 1~x1 it would seem that A and C are noi 

prcxnl al room ICmpWlIJR atmi If lhcy are. lhey represenl 
conformalions in which angk 0 is. very close IO W. 

absence of such a band either at ambient or low 
temperatures is consistent with the conception of 

perpendicularity of the aromatic rings in 3. 

The presence of an excipkx band at low temperature in 

13 

IS 

pyrolysis of equimolar quantities of 15 and 16.“” The 
statistical I : 2: I ratio of 13:3: 14 is not observed. with 3 

being found in at least twice the quantities one would 

expect. While the small amount of 14 can be attributed to 
the relatively high activation energy for the dimerization 
of 18” (due IO large n-n interactions in the transition 
state) a favorable interaction between 17 and 18 may 
stabilize the transition state leading IO 3 giving an 

increased yield of this product. When intermediates 17 
and 18 dimerize the Interaction between them in the 

Iransilion stale may be similar IO the one depicted in Fig. 
I I for the perpendicular orienlation in 3. The non-bonded 
eleclron pair in the oxygen sp’ orbital slraddles the cenler 
of the central anlhrdcene-ring n-cloud with a potential 
n-sp’ orbital interaction 

The second point is derived from the presence of an 
exclplex band In the low temperature fluorescence 
spectrum of 1 and its absence in 3.t Since i1 is generally 
accepted IhaI the best geometries for exciplcxes are those 
in which the two groups are parallel to one another.‘* the 

+Hcnzenc naphihaknc and anlhracene do no1 normally form 
cxc~plcres uilh furan tree Ref 190 and d) 

I 
16 

1 but not at room temperature mirrors the conclusion 
drawn from NMR data namely a frozen parallel orien- 

tation of the aromatic groups at low temperature and 
rapidly interconverting conformers at room temperature. 

The third point is made by comparing the variabk temp. 
NMR data of 1. 12 and 19.’ It could be argued. based on 
the calculated T, of - 114” for 3 (Fig. 12). that the variable 
temperalure NMR data, if obtainable. would indeed show a 
rotational barrier if temperatures of - 114” or below could 

be obrained. If this is so. by analogy with 19, less than a 

Fig. II. OrMa diagram of lhe perpendicular oricnlalion of 3 
depiclmg lhe oxygen sp’ orbifal poriltoned cenually along an axis 
passing lhrough lhe cenlral ring of the anlhracenc nucleus. For 

clan~y only fhete orbitals arc shown 
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I2 

I9 - 

Fig I!. Comparison of ~hc coakrcence rcmpcrature CT.) of I. I2 and I9 From .U. bcfucen I2 and I. and 12 and 19. 
an approrrmare T. is calculated for 3. 

perpendicular orientation of the furdn and anthrdcenc 
rings would exist in 3 below the T,. A decrease in 

distortion of the central ring of the anthraccne nucleus 

should be present. The electronic spectra of 3 (taken at 
-1%“; 82” lower than the proposed T. for 3) show 
bathochromic not hypsochromic shifts indicating an 

incnuse in distortion of the anthraccne ring. The 
conclusion may thus be drawn that 3 will never show a 

coalescence temperature. resides in an energy well and 
anything but a perpendicular (or very nearly per- 

pendicular) orientation of the furan ring is forbidden for 3 
even al room temperature. 

In summary then, on the basis of temperature shifts (or 

the lack thereof) in the absorption and fluoresencc 
emission spectra of 1.2 and 3 the conformational behavior 

of these compounds have been further elucidated. The 
indication of the perpendicularity of the rings in 3 at low 

temperature and an essentially perpendicular orientation 
at room temperature is of greatest interest. While a state of 

perpendicularity is approximately+ an energy maximum 
for 3. it iS an energy minimUm fix 3. .A!, the fUrdn Oxygen 

passes the mid-point during the rotational process (in 1 
and 3) a small stabili;ring effect due to the interaction of 

‘For compound I no drslmction can he made bctueen the 
energy surface dcscrihcd In Fig. 3 and the one shown helou- 
However. if an interaction such as that shown m Fig. 11 for 3 is 
present in I then ir 1s possrbk that IR may also reside in a small 
energy well at rhc lop of ~hc rotational cncrgy surface (see V. 
Boekclherdc ti ol.” and Rcf 19 in that paper) 
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the non-bon&d pair of electrons impinging on the central 
aromatic nucleus may be present.” This comparatively 

small effect is overshadowed by the strain involved in 
bending the stationary ring in I but manifests itself in 3 

due to the fortuitous balance between n-n repulsion and 

bending strain in the central ring of the anthraccnc moiety 
(Fig. 9. 

WC arc presently carrying out an X-my crystallographic 

study’of 1.2 and 3 to determine their conformation in the 
solid phase and are further examining the feasibility of 

using variable temperature emission spectroscopy in 
other conformational studies. 

--TN. 

N.WR dab were recorded Ljn a I’ar+an AM.4 qctrometer with 
a lempcralure conlrol accessor). L’V absorplron \pcclra were 
recorded on a Gary l4M Spcctrophotomcrer and emission spectra 
on a Fanand MK.1 spccrrofluoromctcr Compounds 1.” 2’” and 
3” were synthcsiccd as reported I and 2 were rccrysralhzrd from 
EIOH and 3 uas \uhlimed al low pre\surc. 9.IO~Duncrhylanrh- 
raccne u-as purchased from .Udrich Chcmlcal (‘11 and recry- 
slalhzd from EIOH. 

Hcxachloruhutad~enc. nilrobcnlcne& (hrgh temp.) and C’S: 
flow temp.) were u\cd a\ \olvent\ for the SMR \rudics. CI 
abwrplion spectra were taken m frc\hl) purified and mired 
!-mcrhvlhurane: mcthvlcycloheranc f!: I) Mcrhylcyclohcxanc 
was p&cd hy rcflux’ing ullh KMnO, followed hy washing with 
cold HBWH,SO, and H:O. dr\mg otcr CaSO, and disrrllation 
from Na !~Methylhulane ua\ dl\tilled from Sa. Emrssion spectra 
were rakcn on dcpa\scd cobs m cyclohcxanc or !~mcthylhu~ane 
Thc latter yas purified a\ abo\c and rhc former was fractionally 
dirbllcd prror IO uu 

.4citnon&fgemtnf-Ul’e thank the dorxvs of rhe Petroleum 
Research Fund, admmittered b) ~hc American Chcmlcal SOCKI) 

(Grant Yl?bGl). XSF-I) Grant (iU.ulC? and SIH Insritulional 
Grant RR-704407 for partial xupporl of this work. 
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