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PREFACE 

This difMreaeion will provida a furetiar axpoaieion co eha ueiliey 

of paraoagnaeie spin probas in addrassing divarsa problatss in physical 

organic chaniaery. In ordar co facilieaea eha prasaneation, a 

daacripcion of eha invaaeigaeiona taidareakan will ba prasanead in pares* 

Part I daala primarily wieh eha alaceronie structura of a variaey of 

^lyaamiquinonaa aa ravaalad by ehair Clactron Spin Sasonanca (ESR) 

spactra. Particular aaphaaia ia placad on conaidarationa such aa spin 

danaity diatribution aa a funccion of tamparatura, raduction stata, 

gacmatry and accaptor capability of tha intarconnactad quinona moiatias. 

Part 11 addraasaa tha quaation of conformational prafaranca aa a 

function of tamparatura in a sariaa of lar^ carbocyclic samidionas. 

Spacific rafaranca la mada to tha conformational mobility of tha 

samldlona spin labal with raapact to tha hydrocarbon chain. Also 

conaldarad ara tha Iscmarlc ratios of tha radical anions as 

functions of coimtarion concentration. 

Part III axploraa tha possibility of molacular raarrangamant in a 

numbar of unsaturated and i,4-samldlonas. Valence Isomarization in 

1,4-semldones derived from the bieyelo[4.1.0)heptane skeleton is 

discussed. The concluding section provides a treatise on "bullvalene" 

semldlone. 

A general experimental section includes synthetic approaches to the 

various radical Ion precursors, sources of samples, and general details 

of ESR sample preparation and instrument operation. 
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PART 1. ESR OF FOLYSCMIQUINOKES 
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1. INTRODUCTION TO THE RADICAL IONS OF MULTIPLE OUINOHES 

Elaeeron tpln rcionanec teudict of eh# radical anions of quinonts, 

ttw ttniquinonas, hava over eha years been numerous and extensive. 

Considerable effort has been expended in the elucidation of such 

phenomena as ion pairing [1-81» restricted motion in the solid state 

(9,10), end various exchange processes as they occur in these 

parssagnetic species [11,12]. As semiquinones with complex hydrocarbon 

appendages often exhibit a wealth of hyperfine structure, the vsrious 

mechanisms of unpaired spin propagation to distsnt nuclei also appear 

well understMd [13-19]. 

In contrast, reports of ESR investigations of Polyseniquinones are 

scant. Radical anions of type I have been described on occasion, but 

the reports conflict and conclusions are tenuous at best [20-23]. 

I 

Much less is to be found on molecular systems wherein the semiquinone 

moieties rwain proximate but devoid of formal conjugation (type 2) [24). 

Radical ions of [2.2)paracyclopiidRequinone have been observed, but 

discussions of their magnetic properties have been brief and undetailed 

[25] (Section III). 
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le 1# chuf dMr th#K th# txiftlng body of «xptrimoncal daca on cha 

radical iona of polyquinonaa la fra#antary and incmplata* l*icela la 

known of chair alaetronie aeruecura» and cha affacca of aubcla changea in 

geometry, acceptor etrength, and reduction atate on their apin denaity 

diatributiona are poorly underatood* 

Pare 1 of this diasertation will reveal efforts to address some of 

these issues. 
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11. RADICAL ANIONS OF TR1PTÏCENE BIS- AND TRIS(QUINONCS) AND DERIVATIVES 

A. Inccodueeion 

Radical iona darivad Crcn owlaeular ayatama axplicitly daaignad Cor 

eh# purpoaa of facila invaacigaeion by ESR apaeeroacopy ought, in 

principla, to fulfill eartain critaria. tha firat of thaaa might ralata 

to pracuraor atability which could randar th# matarial pura and available 

at laaat in milligram quantitiaa. It la alao of vital importance that 

th# pracuraor b# raaiatant to daatruction undar condition# of radical ion 

ganaration. One# formod, th# paramagnetic ap#ci#a in quaation ahould b# 

fra# from rapid dacay to facilitate detection under atatic, iaotropic 

conditiona. Conaideration may alao b# given to th# judicioua location of 

information baaring termini within th# molecular framework* Moat often, 

this is accomplished by placing nuclei of non-zero magnetic (but low 

quadrupole) moment in th# proximity of th# spin prob#. 

9,10-dihydro"9,lQ[l*,2'I-lwnzenoanthracene-l(4,5,8-tetrone, from 

hereon referred to aa triptycen# bia(quinon#) 3,126) appeared to meet 

thea# criteria. Th# high aymm#try, coupled with the 

3 

flanked quioone moieties in a rigid bicyelic framework, provides a 

promising structure for investigation without complicating conformational 
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•fItees and ovarwhalRiing hyparfina structura* Additionally, available 

alactrochanical data uara indicative of an intaraating tranaannular 

interaction in 3, ainca the firat and tacond half-wave potentiala 

vere found to be -0.23 and -0.48v (with raapect to the 

maturated calomel electrode), reapectively, in contraat to -0«37v for the 

firat of triptycene EBono(quinone). Our attempta at elucidating 

the electronic atructure of polyaemiquinonea thua Wgan with the ESR 

apecta of radical iona derived from triptycene bia(quinone). 

B. Reaulta and Diacuaaion 

ContinuotM electrolytic reduction of 3 in the cavity of an ESR 

apeccrooeter at a Rg pool or Pt electrode with TBAP aa aupporting 

electrolyte in DM80 or CH^CN aolutiona initially gave riae to the 

binomial pentet of Figure 1 (a^'l.lO G {4 H'ah g»2.00M6), An 

identical apectrun waa aeen upon chemical reduction of 3 with trace 

quantitiea (-O.S ng) of potaaaiwi cere-butoxide in mso. 

II 
On the baaia of Iqrperfine coupling conatanta (a "2,30 G (2H'aJ 

for trlpcycanemoao(qulnone)K and by virtue of the fact that the pentet 

aplitting waa the firat paramagnetic reduction product observed under 

carefully controlled electrolytic and chemical conditiona, the apectrun 

of Figure 1 waa attributed to the radical monoanion of triptycene 

bie(quinone), 3*** Thua» at ambient temperature, the ESR 

spectrum of 3'* reveal# a aymaetric ion with equal unpaired spin 

distribution in both quinone rings. The mechanima by which this symmetry 

is established was clarified by observation of 3"* at subanbient 

temperatures, since cooling of the CH^CM solutions resulted in 
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••Iteeivt lin# broadening of eh# locond and fourth p#ak# of eh# original 

p#ne#e (Pigur# 2a-c). 

Xn analogy co oehar v#ll-doeum#nead eim# d#p#nd#ne ph#nom#na, that# 

linawidth alecmaeing affaeca ara b#li#v#d eo occur du# eo fluctuating 

hyp«rfin# aplietinga via lona intar- or intraaolacular axchanga procaaa 

(Z7). Xne#mol#calar procaaaaa auch aa #l#ctron apin axchanga in a 

binolacular reaction uhar# th# impaired electron# of the two free 

radicale exchange their apin atatea, or inatancea of electron tranafer 

between a radical and a diamagnetic apeciea, both giv# ria# to ainilar 

#ff#eta in th# E8lt apactrun 128]• However, t)M characteriatica of their 

linewldth affecta are concentration dependent and differ dramatically 

from thoe# obaerved for 3 % 

Precluding conformational affecta for th# rigid framework under 

conaideration* a proceaa conaiatant with th# lin#ahap# analyaia involvaa 

an out of phaa# modulation of th# hyp#rfin# coupling# cawed by 

intrwolecular jump of th# unpair#d #l#ctron. At 298 K, th# hydrog#n 

atoma of 3** ar# tim# avaraged by #l#ctron migration for which a 

lower limit of approximately lo' a«c"* for may be placed 

by application of the Reiaenb#rg uncartainty principl#. The exchange 

rat# decreaaea upon lowering th# temperature, and at 230 K, th# lifetime 

of a given occupational atate b#com#a comparable to the reciprocal of th# 

difference in coupling conatants, reaulting in aignificant broadening of 

the appropriate peak# (29). At temperaturea below the coaleacence point 

(not attained here due to inhomogeneoua line broadening), the odd 

electron would appear localized on the ESS time scale, and the spectrum 

is predicted to be a 1:2;I triplet in the absence of hyperfine 
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Figure 2 ,  First derivacive^ESR spectra of cripcycene bis(quinooe) 
radical anion, 3 % 

(a) At 243 K 
(b) At 223 K 
(c) At 213 K 
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Intsraceion with th* unoccupied ring 

0.0 G 

Xnspoction of Figura 3 clarifiaa tha dataila of tha linawidth 

alternation effect. Under conditions of rapid electron exchange, the 

apactruB appeara aa one eat of four equivalent protona with tha intenaity 

ratio 1*4*6*4*1. At low tenperaturea when tha exchange is slow, the 

spactrun appears to ha that of two sets of two equivalent protons (with 
n 

one set of a "0). At intermediate rates of exchange, ttw positions 

of tha lines in which th# two protons have tha sama quantum numbers do 

not shift. However, linaa where tha protona have different quantum 

numbers becoma broad ainca tha aplitting is changing between tha valtMS 

and »2 • results in a splitting pattern of 1*4*1 in sharp 

linaa with line aaparation equaling tha sum of tte non-intarconverting 

B H 
species (a^ + a^ >. 

Since the occupational states are of equal energy and hence, equally 

populated, tha mean lifetime of a given state (r^ or is tha reciprocal 

of tha rate constant or 

h. 



www.manaraa.com

Il 

Hi=Hj 

Nucltsr Spin 
SMCW 

«l = < 

VbVf 
# g # 

3 0 a 3. 
3 a Cl a_ 

Sharp (1) 

3 a 3 3 s-  ̂  ̂
» a à 3 ^ a 3 3 3 

a 3 3 a 
a 3 et 3 
3 a 3 a 
3 a a 3 

_ 3 3 3 a 
^,^3 3 23 

" ^__3 3 a a 
 ̂ y  ̂  ̂3 3 
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—a a a a 

Figure 3. The nechanism of the alcemaeing lineuidçh effect in 
eripcycene bis(quinone) radical anion, 3'*. 
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Under conditions of fast exchange or incermediace exchange, Che race 

constant for electron Jisnp, or kg i# given by equation (1) 

(301. 

k " ̂  - «2^)^ / 4 /T (A width) (I) 

where the nagnetogyric ratio of the free electron, a^^ and 

H2 
a are the limiting values of the hyperfine splitting frequencies, 

and ^width is the difference in line width at half height between 

broadened and sharp peaks. From values of A width obtained between 273 

and 248 K, the energy barrier for electron migration in 3 ' was 

calculated asûR^ » 6.2 kcal mol"\ with an entropy of 

activation a " -7.0 e.u. These values are assumed to reflect 

the behavior of the free ion 3** since stoichiometric quantities 

of (2.2.2]-eryptand were introduced into solutions to scavenge 

the potassium counterion, thus precluding the existence of ion pairs of 

the type ST'K*. 

Continued electrolyic reduction of solutions containing 3'* 

resulted in asymmetric ESR spectra due to the appearance of a second 

paramagnetic species which was not time averaged with 3'*. Upon 

prolonged reduction (0.5 to 3.0 hours, depending upon the working 

potential), the pentet disappeared cwmpletely to give a 1:2sI triplet 

(a®»2.40 C t2H's|, g«2.00506 in OHSO, Figure 4). Chemical reductants 

such as potassiim tert-butoxide. when employed in excess i- l.O M in 

DMSO), produced similar spectra in solutions containing 3 or 3 % 

The species responsible for the 1:2:1 triplet was stable to 
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Figure 4. Firsc derivative ESR speccrun of cripcycene bis(quinone) 
dirsdieal disnion '3 *• 
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2.5 Gauss 
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molecular oxygen end could be obierved in both nucleophilic and 

non-nueleophilie media, in the presence or absence of potassium ions. 

Electrolysis in protic cosolvents such as DMSO-HjO (80*20) appeared 

to facilitate tlw formation of the 1*2:1 triplet which was unchanged upon 

dilution. 

the identity of the species attributed to the 1*2*1 triplet is quite 

problematic and has been the subject of extensive investigation and 

debate. A detailed rationale is thus presented here to justify the 

assignment. 

In accordance with the acceptor properties of quinones, triptycene 

bis(quinone) may in principle, accept a maximum of four electrons. The 
1 

highest reduction state 3 is diamagmetic, and need not be 

considered further, while both 3** and the trianion radical 

3*' (to be discussed subsequently) have been characterized and 

assigned without difficulty. The remaining two-electron reduction 

product, 3 is expected to show diradical rather than dianion 

character in view of the available electrochemical data (first and second 

of jg-benzoquinone • -0.35 v and -1.20 v, respectively) (31). 

Thus, casual consideration of the data would suggest a straight forward 

assignment of the 1*2*1 triplet to a diradical species. However, such an 

assignment poses some difficulty and could appear irreconcilable with the 

existing body of knowledge pertaining to the ESR spectral characteristics 

of diradicals. 

From the large mmber of organic diradicals that have been studied, 

it has become clear that the dominant magnetic interactions to be 

considered in these species are the scalar spin exchan^ term (J), the 
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alteeron>tl«etron dipolar coupling which gives rise to ehe zero field 

splitting parameter (D), and ehe nuclear spin Isotropic hyperflne 

Interactions (A) (321. 

Scheme I 

t/2 " 

ca. -1.2v 1/2 * 

The spin exchange term (J) is a measure of the frequency with which the 

unpaired electrons interchange their respective domains, and thus of the 

energy separation between the singlet and triplet states. Tlw most 

common means by which electron-electron spin exchange occurs in these 

species, is ky the spatial encounter of the two moieties of the 

diradical, each bearing an unpaired electron 133 h 

< » A  ~ "i—8" : "1 B'' 
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In inscancas of slow exchange, the weak coupling leads eo a degenerate 

ground state in the diradical (singlet-triplet energy difference of 

zero), while in cases of fast exchange, the strong interaction gives rise 

to finite differences in the respective singlet end triplet energy 

states. 

Characteristic magnitude# of the electron-nuclear hyperfine 

interaction (a) in organic radicals assume values between 0-25 Gauss (A 

£ 7x10^ sec"^). In diradical# where the two electrons are 

well separated spatially ( > 10 A), the possibility exists that |J| will 

b# wall and hence, |J| « |A|, resulting in solution ESU spectra with 

sharp line# ("0.1 6 width) of apacing |A|, identical to those observed 

for the corresponding doublet monoradical# (34). A change in the 

frequency of electronic exchange between the two paramagnetic spin 

center# nay be brought about by atructural modification of the 

interconnecting medium. A ehortening of the mean diatance between spin 

point# muld preeumably mean enhanced value# of |J|, a# would modulation 

of the spin exchange term due to extended intramolecular conformational 

mobility at elevated temperatures (351. At a high frequency of 

electronic exchange (alghtly exceeding the frequency of hyperfine 

interaction), the mean reeldence time of each electron at the nuclei 

Imparting hyperfine Interaction Is the sane, and results in an ESR 

spectrum showng hyperfine coupling to both radical fragments with line 

separation |A|/2. It Is Interesting to note, however, that for either 

case, |J| » A or |J| « |A|, the detection of an ESR signal in fluid 

solution Is entirely contingent upon an Important magnetic parmeter, the 

anisotropic electron-electron dipolar interaction (361. The nature of this 
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coupling is analogous eo eh# Ineeraccion becween eleeeron and nuclear 

dlpoles wich gives rise eo anisoeropic hyperfine ineeraceion, and is bese 

presented schematically. 

A 

Consider the rigid disposition of radical fragment A with respect 

to B, separated by a distance r, and inpartini^ an an*le 3 to the applied 

field Hg, The instantaneous magnetic field felt at electron A (H^) is 

given by equation (2) {32]» where Wg is the magnetic moment of the second 

electron, 

Wn 2 
*6 ~ ̂o * * ̂o * "3 (3 Co@< 9-1) (2) 

The dipolar interaction is thus dependent upon the orientation of the 
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molmcul* with respect to the external magnetic field, and in solutions 

possessing sufficient molecular motion, the random and rapid fluctuation 

in 9 may result in the averaging of the anisotropic electron-electron 

dipolar moment. In instances wherein the dipolar coupling is weak (i.e., 

at large values of r), ttw anisotropic interaction is averaged out by 

Brownian motion, and well resolved ESR spectra may be obtained. However, 

values of the aero field splitting parameter (0), much in excess of 100 

Mil, result in considerable line broadening of the solution ESR spectra. 

This increase in linewidth may encompass sweral ordera of magnitude, and 

has its origins in reduced lifetimes of the spin states, since in 

solutions of low viscosity, the rapid tumbling of the triplets (with 

large |D|) give rise to strongly oscillstin* magnetic fields and hence, 

provide an additional relaxation mechanism, leading to broadened 

resonances* ESR detection of species with (D > 100 MBs) in solution is 

thus often tmsuccessful, with the resonance absorption broadened over 

hundreds, or perhaps thousands of Cauas. However, this limitation is 

partially overcome Iqr the observation of triplets in viscous media 

«therein the rates of molecular tumbling are somewhat attenuated. In auch 

cases of restricted motion, the spectra are a composite of absorptions 

from all the individual orientations, and are therefore smeared out over 

the rani^ of the dipolar splitting. 

In swmary, the form of the fluid ESR spectrum of a system with S»1 

depends critically on the magnitude of the zero field splitting parameter 

D, and on the relative magnitude of J as compared to the hyperfine 

coupling constant A, In the limiting case |j| « |A|, simply a 

superposition of the spectra of the independent monoradical halves is 



www.manaraa.com

20 

obeaintd, while in C)M caie where |J( » |A|, hyperfine coupling of each 

iBipeited electron eo all the interaceing magnetic nuclei ia apparent* If 

D ia atBaller than approximately 100 MHs, the aniaotropic 

electron-electron dipolar coupling may be avereged to aero by rapid 

molecular tumbling, reaulting in well reaolved apectra (34]• 

In analogy to numeroua ESR atudiea of diradicala and tripleta auch 

aa the bla(nltroxidea) {37,38] and bia(hydra*yla)[39], the ESR apectrun 

of the dianion diradical of triptycene bia(quinone) '*3**, 

ahould without queation, ahow atrong manifeatationa of tlw characteriatic 

BMgnetic forcea operating in apeciea with S"l. However, the apectrun 

(which takea the form of a aolution lt2tl triplet of aharp linea), if 

aaaigned to a diradical, would appear to entail unuaual magnetic 

interactiona in thia apeciea, aince tlw triplet of Figure 4 would only be 

conaiatent with a diradical atructure if |j| « |A|, with a 

ainglek-triplet diradical energy aeparation of approximately zero. In 

auch a caae, there are only three AN,"! energy transitions between the 

To and aiogiet diradical acatea, when each electron imdergoea 

hyperfine splitting by two equivalent hydrogen atoms (40,41]. 

Additionally, the lack of significant line broadening in the solution 

spectrum indicates the absence of a large zero field splitting parameter 

D (certainly much less than 30 Gauss, since the lines do not appear 

appreciably broader in frozen DMSO solutions at 273 K). 

The relative values of |J| and D for **3"' are therefore 

in contrast to those for bis-nitroxides of similar, rigid constitution, 

such as N,M*-dt-t-butyl-C2,2J-paracyclophatt-4, l6-'diylbisnltroxide 4, 

for which an average distance r of 6.8 % between paramagnetic centers can 
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b# eslculatcd Ming a polnc-dipola approxlmacion. The ESR spacerua of 

4 shows fast axchanga ba&waan eha two unpaired electrons (|J| » 

|A|), and suffers from considerable line broadening due to the large xero 

field splitting value of approximately 240 MHs (42). 

0 
Numerous other exmples with similar values of r (4-8 A) continue this 

trend, often showing |J| » |A| and values of D in excess of 200 MHs 

143-45J. 

In '3 \ (he average distance between the two unpaired 
o 

electrons may be estimated at approximately 6 A. By analogy, therefore, 

the E8R spectrum of the diradical dianion *'3** night be expected 

to show properties of fast electronic exchange (|J| » |A|) and large 

value# of D so as to broaden the resonance significantly. The solution 

to this dichotomy may rest in the nature of the molecular orbitale 

harboring the free electron. In the case of the bis-nitroxides, most of 

the unpaired spin is localized over the nitroxyl moieties, giving rise to 

proximate loci of high electron spin density. In contrast, the singly 

occupied molecular orbitale in '"s"' have large pi perimeters 

over which the electrons are completely delocalized, and it is entirely 

possible that the lack of significant electron-electron dipolar coupling 

in '3* arises from much greater charge and dipole moment 
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flcparacion ehân is predicted from a spin point expression. 

The low frequency of electronic exchange in *'3"" <J « 7x10^ MM*) 

mey heve its origins in the extremely rigid disposition of the 

paramagnetic fragments relative to each other. The lack of 

conformational mobility undoubtedly precludes the close intramolecular 

approach of the radical containing moieties, thus drastically reducing 

the probability of direct spin exchange. While indirect mechanisms for 

spin exchange have, on occasion been put forth to explain electronic 

interaction between diatant apin centers which lack conformational 

mobility (46), electron exchange via the polarisation of core sigma and 

pi electrona does not appear important in ' 3 

The poasibilitiee of assigning the lt2U triplet to structures other 

than a diradical have been examined. The most plausible alternative 

appeered to be the quinhydrone radical anion 5, which could 

conceivably arise fr<m the spontaneous protonation of the trianion 

radical 3**. An observation which supported this hypothesis was 

the fact that the li2tl triplet could be observed much more readily when 

the electrolysis was carried out in the presence of possible proton 

sources such as methanol or water. Further chemical or electrolytic 

reduction would presumably then lead to deprotonation, giving 

3'*, (Scheme II). 
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This hypoelMSic was c*#c#d by th# generation of 3 followed by 

ineroduceion of water via a fine capillary ineo the emple chamber under 

obaervacion. The lack of cignificanc change in the ESR apeetrim of 
B S 
3 * indicated a poor propensity of 3 * to protonete under 

tlw given conditions. The quinhydrone radical anion was therefore 

dismissed as a major source of the 1;2;1 triplet. Attempts to generate 

5 directly from the neutral quinhydrone failed due to a 

disproportionation equilibrium involving the bis(quinone) 3 and the 

corresponding bis(hydroquinone). 

A second alternative regarding the identity of the 1:2:1 triplet 

arose from the possible presence in trace quantities, of 6, 

especially since the final sequence in the synthesis of triptycene 
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bis(quinonc) involved ch« oxidaeivt demeehylacion of the dimethyl ether* 

This poftibilley wae ruled out by careful apeetroacopie exwinaciom, 

which revealed the bulk oaaple of 3 to be analytically pure. 

It ia thua tlw preaenc author'a contention, that in light of the 

experimental data, aaaignsent of the 1*2*1 triplet ia moat reaaonably 

made to the dlanion diradical of triptycene bia(quinone), "aT*. 

Extenaive electrolyaia at high reduction potentiala of iolutiona 

containing '**3'* reaulted in the appearance of a third paronagnetic 

apeciea, a new pentet of lower g value than for the compoaite apectra 

for 3"* and ' 3 ' (a"-l.30 C [4B'a), g-2.00495, DMSO, Figure 5a). 

Thia new apeciea could alao be generated via the action of (0.1 H) 

potaaaiuB tert-butoxide and (2.2.2I-cryptand/l&-crown-6 ether on 

aolutiona containing 3"* and *"3'*. Addition of neutral 3 converted 

the new apectru# to one containing a mixture of both 3 * and ' 3 *, 

while trace quantitiea of molecular oxy^n immediately destroyed the 

highly reactive pentet to give a reaidual eignal analyzed as a doublet 

of doublets (a^" • 2.00 C [:#), a^** - 2.35 C CWJ. g • 2.0020), which ia 

believed to be a semiquinone dianion in fdilcb one ring has been 

substituted by OB or OR. 

Ion pairing did not alter the appearance of the low g pentet, which 

ft «?.'/ 
S 
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Fine dtrivacivc ESR •paccrua of cripcycan* 
bis(quinon«) radical erianion, 3^** (a) Ae 298 K 
(b) Ac 26fi K (c) Ac 238 K 
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I 

i' 

2.5 Gauss 
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«fat obaarvad tlacttolytically in (0.1 M) Kl, or in eha praianea of an 

axeaaa or dafieiancy of a eomplaxing aganc whan ganaratad chanleally. 

Th# apparane rola of eh# crown «char or erypeand in ganaraeing eh# paneae 

vaa ehua naraly ehat of axtanding eh# reducing capacity, by diarupeion of 

ion pairs in etw chaaical raduceane. 

Th# high raaceiviey, th# fora of eh# low g pantat, and et» dalayad 

appaaranc# of ehia apaciaa along eh# reduction aequenc# are consistant 

with th# expected prop#rti#s of th# trianion radical s'*. At 298 K, 

the pentet assigned to the trianion radical s'* displayed selective 

line broadening of the second and fourth peaks. Cooling the CH^CN 

solution to 253 K resulted in a 11411 triplet of sharp wing and center 

peaks, while waning caused the splitting pattern to approach the normal 

binomial ratios of Ii4t6t4il (Figure Sb,c). As in th# case of the 

radical monoanion, these temperature dependent alternating linewidth 

effects were completely reversible, and have been attributed to 

intramolecular electron jump, rather than to a process involving chemical 

change. 

Th# energy barrier for electron migration between the quinone 

moieties in 3^* was calculated from th# selective line broadening 

data obtained between 293 and 253 K, and the values of * 3.7 

keal mol'^ and » -14.0 e.u sharply contrast those calculated 

for 3"* (AH^ • 6.2 kcal mol"*, • -7.0 e.u). The lower 

activation energy in the trianion may be due to the greater electronic 

S 
repulsion in the dianion moiety of 3 *, while the highly 

unfavorable entropy of activation may retard electron migration due to 

the necessary reorganisation that must occur in the solvation sphere of 



www.manaraa.com

28 

this highly reduced and ordered species. 

The ESR study of polysemlqulnones was continued with the radical 

anions of 9,lO-dlhydro-9,10(1',2')-ben%enoanthracene-l,4,5,8,13,16-

hexona, from hereon known aa triptycene trla(qulnone), 7. 

7 

Bleccrolyelc reduction of 7 in RfSO or CH^CN with TBAP as 

supporting electrolyte st a Ng pool or Ft electrode initially gave a 

binomial septet which was moat reasonably assigned to the radical 

monoanion, f* (a^ • 0.66 G [6W'a), g«2.00507 in DMSO, Figure 

6). An identical apectrun could ba obtained by treatment of 7 with 

trace quantities of potassium tert-butoxida in DM80. Tha apactrus for 

7 " showed no evidence for selective line broadening in tha 

temperature rang# atudied, and the hydrogen atoms in all three quinone 

rings remain time averaged by rapid electron migration at temperaturea as 

low as 183 K. 

Prolonged electrolysis at higher reduction potentials, or reaction 

of solutions containing 7 ' or 7 with (0,1 H) potassium tert-

butoxide resulted in a new paramagnetic species showing hyperfine 

structure due to two equivalent hydrogen atoms, (Figure 7). in analogy 

to the reduction products observed for triptycene bis(quinone), this ESR 
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Figure 6. Firsc dsrivmciv# ESR speccrum of crlpcyesn# cris-
(qulnono) radical anion, ?'*• 
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•p«cetum was assigned eo the eriradical erianion *'7"* in which th# 

asro field splitting paramacsr is considerably less than 100 MHs, and 

there is no correlation between the unpaired electrons (|J| « |A(). The 

intermediate paramagnetic reduction state *"?'* could not be identified 

as a discrete species possibly becsuse the BSR spectrum of ttw diradical 

dianion is expected to be a binomial septet, and is perhaps 

indistinguishable from that due to 7"*. 

At still higher reduction potentials, a second septet was produced 

which was not time averaged with the 1:2*1 triplet that preceded ie 

11 
(a -0.68 G (6 H's), Figure 8), This species, tentatively assigned to 

the diradical tetraanion "7 ' was quite unstable and disappeared 

immediately upon cessation of electrolysis. Although the form of the 

septet (not in correct binomial ratio, possibly du# to selective line 

broadening or an overlap of a mixture of species) invited further 

inquiry, the highly fleeting nature of the species ruled out this 

possibility. 

In suMsary, the reduction of 7 gave rise to a numtwr of para

magnetic species, three of which have been spectrally isolated and 

identified. The existence of five possible paramagmetic states prevented 

the unequivocal assignment of the higher reduction states, especially 

since the chemical reaction of 7 with potassium tert-butoxide/12.2.2]-

cryptand resulted in complex mixtures rather than in a single, highly 

reduced component as in the case of the bis(quinone). 

In the triptycene trisCquinone) system, intramolecular electron jump 

occurs more readily than for the bisCquinone). This may have its origins 
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Figure 7. First darivseiv* CSR SMCcrua of trlptyc«n# cris(quinoii«) 
triradieal erianion. *7 *• 
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2.5 Gauss 
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Figur* 8. First dsrivativ# ESR spaetrus of cripcjrccn* cris-
(quinons) dirsdicsl cscraanion, / *• 
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Z»5 Gauss 
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in a mora favorable for alaceron migration in 7 It is impor

tant to nota hara» that tha question of energy barriers for such 

processes as intramolecular electron transfer in 7"* cannot be 

addressed satiafactorily in cases where linewidth alternation is not 

observed. At the lowest attainable temperatures (generally about 180 K), 

organic radicals with typical linewidths of 0.1 to 1.0 G will exhibit 

insignificant selective line broadening for exchange proceases occurring 

at a frequency in excess of approximately 10^ sec"* (20]. The 

tern "fast electron exchange" thus makes reference to the E8R time scale, 

and does not necessarily invoke délocalisation of the unpaired electron. 

The appenditure of three quinone rings in a triptycene-like 

framework wherein all the quinone moieties are no longer equivalent may 

be found In 5,7,12,14i-tetrahydro-5# 14*7,12-dl(l * ,2' 1-bensenopentacene-

1,4,6,8,11,13-hexone, compound 8 (47). 

EIne 2 Ring 3 

8 
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Eltctcolyetc reduction of 8 (Hg pool, TBAP as supporting alactrolyta) 

or treatment with trace asmunts of potassium tert-butoxide in RtSO 

initially gave the single line ESR spectrwn of Figure 9. this species, 

assigned to the radical nonoanion 8 *, was stable to molecular 

o^gen and could be observed in the presence or absence of potassiwa 

ions. The spectrum remained a one line pattern upon heating to 373 X, 

ami was essentially unchanged upon a one-hundred-fold dilution. From the 

lack of hyperfine structure in the spectrum for 8 *, it is 

apparent that the unpaired electron resides predominantly in tW central 

ring where it remain# localised up to 373 tC, and to which there are no 

direct c^rbon-hydrogsn linkag##. This p#culiar spin d#n#ity 

distributi<m, and th# poor migratory aptitud# of th# unpair#d ol#ctron in 

i * (a# comparad to triptyc#n# bis- and tris(s#mi<}uinon«s)] may 

b# a cons#«*u#nc# of #nhaneed aec#ptor capacity of ttw central ring, 

resulting in a lower of th# c#ntral ring as compared to th# 

p#riph#ral quinon# moi#ti##. Although th# origin# of th# described 

efface# in th# central ring have not b#en firmly ##tabli#h#d, it appear# 

reasonable tht th# inductiv# effects of two, electron poor quinon# 

moieti## linked to th# middl# ring re wit in the latter acquiring much 

greater electron deficiency, thu# rendering it a more powerful electron 

acceptor. Continued electrolytic reduction at higher potentials, or 

treatment of solution» containing 8 or 8 * with (O.l H) 

potassium tert-butoxide in DMSO resulted in the appearance of a second 

paramagnetic species, a 1:2:1 triplet (a**»2.40 0 [Z B's), KISO) 

superimposed on the initial single line, (Figure 10), This new species 

was most probably the tuo electron reduction product 8 *, with 
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p 
i 

1 : 

Figure 9* Fires derivative ESR epeccru# of 5,7,12,14-eeerahydro' 
5, l4s7,l2-di|l*,2')'^ei)zenopenracene*l,4,6»8,li,l3r' 
hexone radical anion, 8 *. 
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2,5 Cause 

Figure 10. First derivative BSR speetnn of 5,7,12,14-tetrabydro-
5,14;7,IZ-diI1',2')-beozemopemtaeene-1,4,6,8,11,13-hexone 
diradieal diaoion, 8 '» 
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th« second electron accepted into one of the peripheral quinone rings, 

end in which the specie# satisfies the general trend established for dl-

and triradical anions in the triptyrene series of |J| « |A|, and D « 

100 MHm. As expected, the relative proportions of the new triplet and the 

initial singlet were dependent upon the degree of reduction, with tlw 

triplet predominating at higher potentials. 

It is interesting to note, however, that the inequivalence of the 

acceptor groups in 8 result in the superpositioning of transitions 

from* each paramagnetic center, leading to E8R spectra which reflect 

weighted contributions frotn the individually occupied states, this has 

the conséquence of eradicating any clear deMCcation between the initial 
i ---

reduction states, since the reduction sequence # — 8 * * 8 * 

does not manifest itself in discrete ESR spectra, but only in obscure 

changes In the ratios of the contributing species, thus, an ESR spectrw* 

showing a IsStI triplet superimposed on a single line may indicate the 

presence of thm diradical dianion 8 ', a mixture of 8"* and 8**, or 

perhaps even a combinati»n of *~8~*, 8~* and '8', with only a qualita

tive evaluation on the predominating specie* being possible upon 

inspection of the ItZtl/single line ratios, and the prevailing reduction 

potential. 

Further reduction may, in principle, give rise to two possible 

electronic structures, since the fourth electron may be accepted into 

either of the outer rings, or into the central quinone group (table l). 

Should the diradical tetraanion (*'8* or * 8 *) be the exclusive 

«pedes in solution, an ESR spectrum showing a perfect binomial triplet 

(consistent with electronic distribution in 4a), or a superposition of a 
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1:2:1 triplée on « single line, somewhat siniler to that observed for 

8~* would be seen (consistent with arrangement 4b). The fact 

that at no time during the reduction was a pure 1:2:1 triplet observed, 

is indicative of an electronic arrangeaent as in 4a, although it is 

recognised that a mixture of three and four electon (4a) products would 

tend to distort and obscure a binraial triplet, as would a mixture of 4a 

and 4h. 

Extensive electrolysis at still higher potentials gave rise to a 

reactive species with a well defined ESK spectrum, 4 new one line pattern 

of lower g value than for 8, (Figure 11). This species was asslgnsd 
A 

to the monoradical pentaanlon «S*, with the fifth electron having 

entered the available outer ring (Table 1, *5a). The propensity of the 

five and possibly the four electron reduction products of 8 to assume 

an electronic distribution wherein the central ring remains partially 

vacant (#5a and #4a in Table 1, respectively) can once again be 

rationalised in terms of inductive effects. As discussed previously, the 

^rlpheral qulnone rings in neutral 8 render the central quinone 

moiety electron deficient via an inductive polarisation mechanism. TH» 

trlradical trianion *'8"*, in which the outer rings each 

harbor an unpaired electron now create reverse polarisation effects, 

rendering the central qulnone relatively electron rich. An Incoming 

electron would tWs be preferentially accommodated In one of the outer 

rings, A similar argument may be put forth in the case of the 

monoradical p<$fitaanian, wherein the electronic repulsion would tend to be 

minimized should th« final electron be taken into th« available outer 

ring, rather than the partially vacant central position. 
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2.5 Cause 

Figure U. First derivacive BSR epeccrus of 5,7,12,14-cecrahydro-
5# I4î7, IZ-diUSZ'4,6,8, U, 13-
Iwxose Bonoradieal pencaanion, @r. 
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In suBHMry, the dtffertng «ccupeor strengths of the outer and 

central quinona rings manifaat thamsalvas strongly in tha spin 

distribution in tha radical anions of 8» and whila sona of tha 

intamadiata reduction states could not be assigned unequivocally, the 

electronic distributions in the first and final paramagnetic reduction 

states have been firmly established on the basis of their ESR spectra. 

Table 1* Electronic distribution in t 

# of added 
Electrons Ring 1 Ring 2 Ring 3 Predicted ESR Spectra 

1 1 
Singlet 

2 
f* t* 

Singlet superimposed on 
Triplet 

3 
t t t 

Singlet superimposed on 
stronger Triplet 

4(a) 
tl 1 r 

Singlet superimposed on 
Triplet 

Hbf t t i t Binomial Triplet 

5(a) t I t t I Hew Singlet 

5(b)* 
t i t & t 

Binomial Triplet 

Singlst-Triplet energy difference is zero» relative orientations 
of spin vectors have no significance. 

^Not seen spectroscopically. 

C. Conclusion 

The radical anions of triptycene bis- an4 tris(quinones), and those 

of 5,7,12,i4-tetr@hydro-5,14:7,12-di11 *,2'l-benseoopentacene-

1,4,6,8»11,13-hexone have been investigated by ESS spectroscopy, and 



www.manaraa.com

44 

found to «xhtble a nunbor of «xeromcly Inceresclng magnoeic and chemical 

proparelta* At 298 K, th« four hydrogen atoms In trtptycsns bls(qutnons) 

tnono- and triant»in mes tins svsrsgsd by slsctton migration for 

which an snsrgy barrisr was esleulatsd from sslsetivs lins broadsning 

obssrvsd St subsmbisnt tsmpsrsturss. Surprisingly, sn intsrmsdiats two 

slsetron rsduetion product with s wsll rssolvsd ESR spsctrum wss also 

obssrvsd» but is only eonsistsnt with the form of ths spsctrun if |J| « 

|A|, sod 0 « 100 HHs. Altsrnsts sxplsnations for this unsxpsetsd 

spseiss wsrs aought, but hsvs bssn found to bs Isss sstisfsetory than ths 

assignmsnt to ths dirsdicsl disnion structurs, 

Rsduetion of triptycsns tcia(quinons) also gavs tiss to a number of 

disccsts paraaagnstic speciss. Ihs initially obssrvsd spsctnm was a 

binomial ssptet, again rsflseting a spseiss whsrs sll ths quinons 

hydrogsns ars tins avsragsd by intramolecular slsetron jump. This 

process remained rapid at temperatures as low as 183 K. Further 

reduction led to a species assigned to the tricadlcal trianion in which 

ths conditions |J| « |A| and D « IQO MRs are fulfilled. At high 

reduction potentials, a fleeting species eonsistsnt with the diradical 

tetraanion was sometimes obssrvsd. 

The initial reduction product of the triquinone 8 is best 

described as a localised structure where the unpaired electron resides 

primarily in the central ring. This observation is consistent with the 

enhanced electron deficiency of the middle quinone* Upon further 

reduction, a mixture of products appeared which may have represented the 

two, three and four electron reduction products. Finally, a highly 

reduced species, the radical pentaanion is believed to have been present 
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•t high pottneiiils. The •Iceeronie dlsertbution and th# order of 

electron filling are entirely eonsitcent with ainiraited electron 

repuliion in these paranegnetic #t*te$. 
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lit. RADICAL IONS OF [2.21 METACYCLOPHANEQUIXWE 

A. Inerodueeion 

Rumerou# rcporcA have recently appeared on the «yncheel# and 

donor-acceptor properties of C2.2)pacacyclophanequinones [48-50], [3,3]-

tSll and (2.2l-fliftacyclophanequinonei [52], While it would appear that 

the intramolecular electronic interaction between the quinone group# in 

the corresponding radical anions is ideally suited for study by HSR 

spectroscopy» such efforts hove not been forthcoming. 

The only existing data in print pertain to the reduction of 

(2.2l-paracyclophanequlnone (9) and the quinhydrone (10) I25). 

9 10 

The radical nonoanion of 9 shows fast electron exchange between the 

two acceptor sites. The two electron reduction product is apparently 
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ditiMgnette, with no hint of • th#m#lly excited triplet state, and 

continued electrolytic reduction is followed by protonation, resulting in 

the quinhydrone radical anion 10**• (As demonstrated by volta-

netrylBSR.) Interestingly, the 6SR spectra of 9"* and 

IQT* are claimed to be identical [53), an observation which 

necessitates much greater wbility of the hydroxyl hydrogen atoms in 

IQT*, as compared to the neutral quinhydrone. Thus, while the 

trianion radical 9** does not appear to be a major species under 

conditions of electrolytic reduction, elternate routes via the treatment 

of #, 10 or bishydroqulnone 11 with cimiical reductants such as 

potassium tert-butO}rtde/DM80 do not appear to have been investigated. 

H 

OH 
Base 

.0-

11 

? 

\ report on the «ynthesis and the ready accessibiliey of 

trlcyclo(9.3, l, l^*^]hexadec»'4,7,11, l4*tetr3eae-'6,13,15,16-teerone 
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froa hereon referred co as t2«2)nsecacyclophanequinone» prompted an ESR 

inveeeigaelon tn our laboracoriet, and although the ESR spectra Cor 

12 

such species as 12'* are predicted to exhibit complex hyperfine 

structure, It was recngniaed that the I2.21metacyclophane skeleton 

provides the requisite high symmetry and conformational stability. In 

addition, SMh a study was expected to provide an important source for 

comparison to the properties of (2.2)paracyelophanesemlquinoneSt 

B. Results and Discussion 

Electrolytic reduction or treatment of 12 with trace quantities 

of potasslim tert-butoxlde gave rise to a well resolved ESR signal, a 

H 
pentet of pentet of pentets (a^ • 0.4 C (4 H's), a^ • 

0.8 G (4 H*s), - 1.2 G {4 H's], g»2.00)288 in DMSO, Figure 

12). Assignment of the hyperfine splitting constants in this radical 

monoanion was made on a qualitative basis by comparison to the 

senlqulnone 13, I $4) with the smaller and intermediate 
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Figur* 12. Firms derivativ# ESR fpaccrun of [2.21m#:@cyclo-
plMMqulnofio radical anion, 12" . 
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0.19 G 1.2 G H 

0.20 

13 12'* 

H H 
coupling coMtanct (Oj and #% ) boing «teribuEod co the 

hydrogen aeoma which reetde in the proximity of the nodal plane of the pt 

n 
ayate*. The larger aplitting waa aaaigned to a^ , for which a 

hyi^rcoivli^ative mechaniaw of #pin délocalisation ia poaaible. The 

radical nonoanion waa atable to molecular oxygen, and the apectrum 

remained eaaentially unchanged upon addition of potaaaiun iodide, 

(2.2.21'cryptand, or upon a one-hundred-fold dilution. The quinone ring* 

in 12*' are time averaged hy intramolecular electron tranafer, a 

proceaa which rwaina rapid on the ESI time acale aince no aelective line 

broadening waa obeerved at twperaturee aa low aa 183 K, 

Extenaive electrolyaia at higher potentiala reaulted in a complex 

apectrum due to the appearance of a «econd specie« (Figure 13), and upon 

prolonged reduction, a more favorable ratio of the new radical revealed a 

poorly resolved epectru# of which a major component could be identified 

3» a pentet of triplet# of broad lines (on one occasion, oxidation of the 

corresponding bishydroquinone resulted exclusively in this species, 

dj** • 2,37 G 14 H'sJ, eg* • 0.62 G. C3 B'sl, 0HSO Figure 14). Cessation 
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Flfurt 13, F&rse dtrivaelva ESR spcccrua obf«pv«d upon #*t#n*ive 
•l«etrolyflt of |2*2]Ri«cacyciopiMnequi,none 12# 
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Figure 14. First derivative ESR spectrum assigned to l2,2Wtacyelo» 
phanequinbydrone radical anion, 14 
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of «leeerolysis one# again led eo a complex mixture, followed by a 

return to the initially observed radical monoanion 12 \ The 

hyperfine coupling constants for the mew species are consistent with the 

quinhydrone radical anion 14% preaumably produced through the 

isnediate protonatipn of the trianion radical, and although this 

observation would appear consistent with the properties of 

OH 

14--

U.Zlparacylophanequinontt, the spectrum for quinhydrone 14'* 

indicates a localised structure rather than one in which tiM high 

mobility of the hydroxyl hydrogen atoms and impaired electron render both 

quinone rings equivalent (as is the case for lOT*). This important 

differmce may be due to the higher local symmetry and degree 

of electronic overlap in 10 as compared to 14. 

Electrolytic or chemical reduction of pure quinhydrone 14 gave 

rise to spectra identical to those attributed to the bis(semiquinone) 

12 *, This observation may immediately be construed as evidence 

that the quinhydrone radical anion 14'* and bis(semiquinone) 

12* give identical ESR-spectra, however such a deduction nay, in 

the authors view, be superficial especially In view of the well 

reco^sed disproportionation equilibrium iovolving quinhydrones, 

(Equation 3) (26). 
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OH 

2 

OH 

OH 

+ 

Thu*, rtducclon of an aquilbrlun aiixeura terongly in favor of tlw 

qttlnhydrona would navarehalaaa raaule in prafaraneial raduceion of tha 

bia(<{ulnona)» ainca eha th# laccar i« of can conaidarably 

lowar Chan cha eorraaponding quinhydrona, and qualieacivaly apaaklng, tha 

appaarane# of cha C8R aignal in cha reduction of aichar conpoimd ia quica 

ainilar* Ic ia charafora apparanc chat cha reduction of 14 failed co 

produce concluaiva data on tha atructure of tha expected quinhydron# 

radical anion 14'*, and that chemical or electrolytic nethoda of 

reduction on bicquinone 12 or quinhydrone 14 did not produce any 

clearly reaolved aignal that could be attributed to the trianion radical 

12*'• The inveatigation was thua continued with the biahydro-

qlQoiw 19, in tlw hop# that deprotonation followed by partial 

oxidation would lead to the trianion radical. 

OH 

OH 

15 
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This expectation waa realised via the treatment of 15 with 

excetc (-0*3 M) potataium tert-butoxide in DMSO/DMP aolutiont, 

whereupon an excellent SSR spectrum of sharp lines and extensive 

hyperfine structure appeared (a^^ • 1.82 G (4 H's), 9^ • 0.36 G (4 H'f), 

a^m 0.18 G 14 H*s] in KISO, Figure 15). This new species did not show 

selective line broadening even at 183 K, and was stable for several 

minutes at 298 K under a nitrogen atmosphere. However, minute traces of 

air introduced Into the system immediately converted the spectrum to the 

conplex mixture similar to that previously observed in the electrolysis 

of 12, while additional oxygen resulted in a complete conversion to 

tlw spectrum due to the radical nonoanion 12 The spectral and 

chemical properties, coupled to the unique precursor requirements and 

rather basic medium in which this species was generated, collectively 

indicate a highly reduced species such as the trianion radical 

12**. Thus, a successful search for the various paramagnetic 

reduction states of the bisCquinone) 12 required the use of the 

corresponding quinhydrone 14 and bishydroquinone 15, with the 

trianion radical accessible only through the oxidation of 15 in basic 

solution. 

The electron deficient nature of polyquinones generally restricts 

the nature of accessible paramagnetic states to electron addition 

products. In the case of electron rich hydroquinones however, electron 

ejection to give radical cation# may occur in powerfully oxidising media 

such as concentrated or CB^NOglAlCl^. Thus, ESR studies 

of radical cations derived from hydroquinone and derivatives have been 

numerous and revealing in terms of spin density distribution, and dynamic 
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Figure IS. Firme dtrivacivc CSR spaetruB of U*2]iaeueyelo-
phanequinone radical crianion, 12 *• 
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phenomena such 19 syn-anei isomerism (55,561* 

•+ 

The ready availability of th# biahydroquinone IS and the expectation 

that spin diatribution in tiM radical cation IS^* would ninick that 

in is'* prompted effort# to oxidise IS. AlCl^/CH^SWj auapenaiona 

conaiatently failed to produce an ESR signal* However, dissolution of 

IS in concentrated NgSO^ gave rise to a spectrum of fair quality, a nonet 

of penteta " 2,50 C (8 R's), • 0.38 G {4 H*a], g • 2.002977 in 

HgSO^, Figure 16). The hyperfine coupling constants in this spectrwn 

(which is presumably du# to th# radical cation IS^') were 

partially assigned on th# basis of isotopic substitution of th# hydroxyl 

hydrogen 4to»is, sine# dissolution of IS in D^SO^ resulted in 

a binomiial nonet of broad lines (a^ » 2.50 C (8 B's], Figure 17). 

This result clearly established the pentet splitting in the protium 

spectrum as being du# to th# hydro)^! hydrogens, while th# non#t 

splitting Is most probably a result of th# fortuitous magnetic 

equivalence of th# ring and axial bridging hydrogens. The most 

interesting feature of this species however, is the selective 

line broadening displayed by th# 2"^, 4^**, 6^*^ and 8^** peaks in the 

original spectrum of Figure 16. The linewldth alteratlng effects for 

this species were quite real, although not as dramatic as those observed 

in previous cases. Thi« was a direct consequence of the rather limited 
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flRur<* 16. First derivative RKR «ppcrrimi of (2.2|ii|pi;acyclo-
plwRRblmhydroqulimme radlral ration, 15 * in 
HjSO^. 



www.manaraa.com

# 



www.manaraa.com

63 

etmpcrackirà fsmga 4tthtn which tS^* could be observed, mine* 

vlfcocity «ffeect dominated ee low temperature#, and the radical decayed 

rapidly above 348 K, 

The origin of this selective line broadening Is not entirely 

unamblglous. The nwst obvious possibility, that of Intermediate rate of 

hole trmmafar between the hydroqulnoM rings does not seem reasonable In 

view of the close proximity of the doiwr moieties. More Importantly, the 

deuterium substituted IS^* exhibited a binomial nonet, with no 

evidence for selective line broadening, an observation which does not 

lend creiJiince to the proposed hypothesis. An alternate possibility 

invokes an intermediate rate of syn-anti isoaerim of the hydroxyl groups 

in 15 Such dynamic behavior would cause a fluctuation in the 

magnetic environment, leading to an alternation of the hyperfine coupling 

constants of the ring and bridging hydrogen atoms* 

Upon deuteration, equivalent motion of the OD group is expected to give 

rise to # considerably attenuated fluctuation in the local magnetic 

environment of the ring and bridging nuclei, which could conceivably 

erradicate any observable line width alternation. This U 

based on the much waller magnetic wwent of deuterium as compared to 

that of hydrogen = 1/7), 

This investigation has thu@ revealed important differences in the 
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Plgur# 17. Flrsc derivative ESK mpectrim of |2.?|ii|Cacyclo-
phaiwbliihydroqulnocie radical cation, 15 * In 

^2^^4* 
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prop«rti«s of ch« radical anions of tZ.2)fflQtacyclophan«qulnone as 

cwparad to chosa darivad from eha {2*2) paracyclophanaquinona and 

criptycana quinona aarias. Tha eoneraacing bahavior of eripcyeana 

bia(quinona) and (2.21 ffiatacyclophanaquinone upon raduction may stes from 

differing atrangehs of eha ineramolaeular alaceronie incaraeeion, a 

property closely dependent upon the relative geometric disposition of the 

acceptor groupa. An observation conaiatant with tha atronger interaction 

in 12 ia that intramolecular electron tranafer occurs more readily in 

12"* and 12** than it doaa in 3~* and s'*. Another auch observation ia ' 

the aacond and third half wave potentiala of 12, which are consider

ably higher and further apart than for 3. reaultin* in protonation of 

the higher reduction atatea of 12 during electrolysia. Further 

indication of the aforementioned affecta may be inferred from the absence 

of on observable intermediate reduction product auch as 

*"12**, which may indicate a species where |j| » |A| and D 

» 1(H) MRS, conaiatant with the strong interaction expected for such a 

species. In tha event that the two electron reduction product has a 

ground Stat# or thermally accessible triplet state, the solution ESR 

spectrum is predicted to be undetectably broad. 

The moat important difference between the radical ions of 

(2.2Imetacyclophancquinona and [2.Zjparacyclophancquinone appears to be 

the contraating form of the ESR spectra for the quinbydrone radical 

anions lO'* and 14**. %hi6 difference has been discussed in terms of 

the higher symmetry of 10 % 
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C. Conclusion 

Th« ESR «p«etrura for th« radical monoanion of [2.2]iattacyclophane-

qulnona revaala a syntMCrie ion du# to fa#t #l#ctron #xchang# b#tw##n th# 

qulnon# ring#. Th# hypcrfin# coupling con#t#nt# in this sp«ci#s hav# 

b##n assigned in vi«v of the geometries of the interacting nuclai with 

r##peet to the plane of the pi system, and on the basis of splitting 

contents in appropriately substituted monomeric seolquinones* Extsnsiv# 

•l#ctroly#i# of the bis(quinone) resulted in complex mixtures of the 

radical monoanion and th# diprotonated form of the trianion radical 

Cquinhydrone radical anion). Reduction of the quinhydrone gave a 

apectrum identical to that obaerved in the reduction of the bi#(quinone). 

The possibility that both, the quinhydrone and the bisCquinone) lead to 

identical spectra is viewed as unlikely in light of the raid scrambling 

of the hydroxyl hydrogens that would be necessary to establish the 

required «/wietry in the quinhydrone radical anion. The observation of 

bis(quinone) radical anion in the reduction of the quinhydrone ha# been 

attributed to a disproportdonation equilibrium. Oeconvolucloh of cwplex 

mixtures which arose upon extensive electrolysis of the bi#(quinone) 

reveals » component consisting of a pentet of triplet# of bro«d lines. 

Thi# spectrum is assigned to the localised quinhydrone radical anion. 

The trianion radical of the bis(quinone) was found to be accessible 

only via the oxidation of the bishydroquinone in basic solution. Th« 

spectnm showed faat intramolecular electron exchange, and the properties 

of this species are consistent with a highly reduced structure. 

Important differences in the properties of the radical anions derived 

from triptycene bis(quinone) and the (2.2)metacyclophanesmiquioones 
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hmv# been facowaltsad In cerms of Che greater degree of electronic 

overlap in the cyclophene. 
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IV. RADICAL ANIONS DERIVED FROtI KAPHTHALENETETRONC DERIVATIVES 

AND BRIDGED £-BENZOQUlNONES 

A. Ineroduetlon 

ESR sptecra of eh* radical anions derived from the eripeycemquinone 

and neeaeyelophanequinone aerie# have provided information on the 

eharaeteriatie «pin di#eribution propertie# in bi#- and 

triaCaemiquinonea) wherein a apecific geometric relationahip between the 

quinone groupa ia enforced by the rigidity of the bridging carton 

akeieton. Queationa remain, hwever, on the propertiea of radical aniona 

derived form moleculea having rigid or aemi rigid akeletona wherein the 

electron acceptera are other than quinone ringa. To thia end, 

9,10-dlhydr»-9,10 U',2']-benaeno-4a,9a,-{2lbutenoanthracene-1,4,17,20-

tetrone, compound 16, and l,4-dihydro-4a,8#-(2)buteno-l,4-

methanonaphthalene-5,8,9,12-tetrone, compound 17, were ayntheaised 

157) and their ESR spectra examined upon reduction. 

16 17 

Other important considérâtiona, such as the consequence of increased 

flexibility of the bridge interconnecting the acceptor groups, have been 

addressed by the study of the radical anions of l',2'"bis(2,5-benw 
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quinonyl)tthan< tS8] 18'*, In which a mutually coplanar 

arrangtoane of tha quinona rings naad not ba tha prafarrad conformation. 

Finally, ch# affacea on eh# apin danaiey diatribueion upon aubaeieution 

by aulphur in plaça of carbon in cha inearconnaceing bridga has baan 

invaaeigaead via cha radical anion of 2,3(7,8-eaernaehyl-

1,4,6,9-ehianehranataerona, 19 (59). 

B. Results and Discussion 

Electrolytic reduction or treament of 1# with trace amounts 

( -*l.O mg) of potassiwa jcert-butoxide resulted in the spectrum of 

Figure 18a (a** » 2.5 G [4 B's), a^** » 0,2 C 12 H'sJ, g • 

2.005077 in WtSO), Assignment of hyperfine coupling constants in this 

18 

19 
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sp«clc9 vas seraigheforward in viaw of th« numbers in each sec of 

inceraeeing nuclei* 

16"' 

The radical monoanion ItT* showed fast electron ««change between 

the two ened&one moieties at tsmperatures as low as 1S3 K. At these 

tamperaturea, the low field lines of the speetrun appeared significantly 

broadened (Figure 18b), possibly due to a slow exchange mode involving 

the ion paired (I,P.) and free ion (F,I.) forma of lëT". 

I.P.* + F.l. # F.I.* + I.P. 

this imssibility could not be firmly established since addition ef 

comptexing agents such as (2.2.2l-cryptand or ll^erown-6 ether resulted 

in the cleavage of 16'* to give the triptycene iMiw(quinone) 

r«idical anion TXT' (14). This side reaction has been attributed 
a 

to the increased reactivity of Che free alkoxide ion, Ke^CO • 

The idencicy of Che new specie* was verified by addicion of auchencic 

20 inco Che BSR cell, whereupon only an enhancemenc of signal 

incensicy was observed. 
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W"* 20'* 

Prolonged electrolysis or reduction of 16 at higher potentials 

reeultW In complex mixtures of which a major component was identified 

elw naphthaiarin radical anion 21"* {601* The high potentials at which 

21 

this ohserN^tion was made suggests that the cycloreversion process 

leading to 21 may occur via the dianion. Thus» although 
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16" 

ioffi« of Che prop«rei«t of eh« radical nonoanion K'* could be 

readily elucidated from its ESR spectrum, the scope of this study 

in terms of detection of higher paramagnetic states 

severely limited in view of the poor stability of Itt*'' in highly 

basic media. 

Chemical or electrolytic reduction of adduct 17 resulted in a 

mixture of species, one of which was a broad pentet, possibly due to the 

radical monoanion 17**• 

The pentet splitting would be consistât with fast electron exchange 

between the slightly differing enedione groups, with possible 

contribution to the overall linewidth from additional hyperfine due to 

the bridgehead hydrogens. However, as with 16"*, the propensity 

of the radical ion to undergo cycloreversion and other irreversible 
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chemical changes precluded a more detailed Investigation* 

Chemical or electrolytic reduction of bis(qulnone) 18 initially 

resulted in a well resolved ESR spectrum (a^* » 2.39 G |2R's), -

2.39 C II HI, aj" - 1.58 G [I Hj, a^" « 0.1 G [I Hj in DM80, Figure 19). 

The splitting pattern is consistent with the radical anion 18'* 

in which the unpaired electron remains localised in one quiirane group, 

possibly due to a preferred conformation where the quinone rings extend a 

considerable distance whereupon non-bonded intereactions are minimised, 

or one in which a high dihedral angle precludes favorable overlap between 

the acceptor groups. The spectrum for IS"* rewwined unchanged 

upon exposure to molecular oi^gen but suffered irreversible change upon 

heating due to chmicol transformation in the basic medium. Thus, spin 

distribution in the radial ownoanion remains uncertain for temperatures 

In excess of 310 K. 

On occasion, extensive electrolysis of solutions containing 

18** resulted in the appearance of a second paramagnetic species 

of lower g value • 2.7 C (4U*sl, a^^ • 0.65 C l4H'sl, a^* • 0.20 G 

|^*s] in OH80, Figure 20). While tlw hyperfine coupling constants could 

not be assigned imequivoc^lly without isotopic «ubetitueon, the overall 

splitting pattern in this species is consistent with the trianion radical 

18**, this time with the unpaired electron showing fast exchange 

between the two sites. An interesting observation, etws, is the dramatic 

difference in spin distribution between the one and thre« alectron 

reduction products, an occurrence which appears to have precedent for 

conjugated bis(quinones) of type 1, previously described. The rapid 

electron transfer in 18** as compared to 18 * may be due 
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fiRwre 19# First derivative ES» Bpecl.ru» of l^,2'-kl*(2.S bew%n-
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Figure 20. First derivacive BSR spectrum of l^2*-bi#(2,>'benso-
<{uiQOfiyl)ecl»ne radical trianion 18^* (major), 
and radical anion 18 * (minor). 



www.manaraa.com

79 

CO a mora favorable 6 for alactron migration in tha trianion 

radical, although othar posaibilitiaa» such aa differing conformational 

preferencaa in the two apeciea cannot be ruled out. 

Electrolytic or ciMsiical reduction of the thianthrene derivative 

19 initially resulted in the binomial tridecate of Figure 21 (a^ 

• 0*52 C (l2R'sl in DM90). this species, assigned to the radical 

nonanion was stable to molecular o^qpgen, and maintained equal spin 

distribution in both quiiwne rings at temperatures as low as 183 K, 

Continued electrolysis at higher reduction potentials or treatment 

of solutions containing 19"* with (0*1 M) potassium tert-butoxide 

gave rise to a multitude of species, one of which could be clearly 

identified as a binomial septet (a** • 2.0 G t^H's] in OMSO). The 

identity of this species is mknown, since the form of the spectrws doe# 

not apM^f consistent with a higher reduction product of 19. The 

possibility that this apmcies arose from cleavage reactions of 

19^* h*a not been ruled out. 

Finally, in an attempt to further extend upon the array of highly 

reduced bis(semiquinones), 1,4,5,8-naphthalenetetrone, compound 22 

wa« prepared and electrolysed. The initially observed spectrin was the 

well known, formally conjugated radical anion 22"* 1601 (a® • 0.44 C [4H'*I 

in OMSO, Figure 22a). Continued electrolysis at higher potentials 

resulted in the appearance of a second species which was identified aa 

tf» naphthazarin radical anion, 2l'* (Figure 22b), Thus, it is 

clear that the highly baaic di- or trianiona undergo rapid protonation in 

solution, and that such species are not generally accessible via 

electrolysis. (Excess quantities of base introduced into the cell pior 
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Figure 21* Firms d«rivaeiv« ESR spcecrua o£ 2,3,7,6-t#tram#chyl-
1,4,6,9-tbianchranatacrona radical aoioo, 19 *• 
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Figure 22. FirfC dcrivacivc ESR tpectra obtarved upon reduction of 
1,4,5,8-naphthalenetetrone, 22. 
(a) Bleetrolyais at low potentials. 
(b) Prolonged electrolysis at high potentials. 
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eo elaeerolysls generally destroyed ehe bls(quinone) precursor.) 

22 22"* 21. 

Treacment of 21 wlch craee omounee of potasstun eert-

bucoKlde gave ehe previously observed specerun for 21 Figure 

23a. Addietonal quameieiea of base ofeen resulced in ehe appearance of a 

second species of hlglwr g value which was noe cime averaged wieh ehe 

firse (Figure 23b). Ae approxlnaeely (0.5 M) in poeassiua tare-
u 

bueoKide, ehe specerun showed a single species (a • 2,40 G (4H*s] 

in DMSO, Figure 23e). The ESR signal of Figure 23c disappeared 

immediaeely u|Mn exposure eo molecular oxygen, and is consiseene wieh el* 

erianion radical 22**. 

0 O 
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FIfurc 23. Firme dcrivaeivc ESR spaecra obaarvad upon raduecion of 
naphchazarin, 21. 
(a) Traça pocaaaiun tart-butoxida 
(b) (" 0.2N) in pocaaaiua tarc-butoxida 
(e) («• 0.3M) in pocaaaitm carç-bucoxida. 
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C. Concluston 

Radical anions of ayatam# with diCfarlng accapeor groupa and varying 

incarconnacting bridges hava baan daacribad. Reduction of bia(enadionas) 

16 and 17 resulted in the corresponding radical monoaniona which 

showed fast electron exchange between the two acceptor sites. Higher 

paramagnetic reduction states could not be detected since further 

reduction led to products derived from cycloreversion and cleaimge 

réaction* of the radical ions. 

The spin distribution in 18"* nay beat be described by a 

localised setniquinone structure with limited mobility of the bridging 

stoma. The weak interaction between the quinone groupa haa been 

attributed to poor electronic overlap in the acceaaible conformâtiona. 

On occasion, a highly reduced specie# believed to be the radical tpLMijn 

18** was observed. The faat electron exchange in 18** as compared to 

the radical monoanion may be due to a lower enthalpy of activation for 

electron migration in the trianion. No reference has been made to the 

detection of an intermediate paramagnetic reduction product such as 

' if *, since the ESR spectrum for such a specie* is 

predicted to be indistinguishable from that of 18"*. 

The ESR'spectrum of 19 * reveals a symmetric ion in the 

temperature range studied. It is possible that the presence of bridging 

sulphur atoms effectively conjugate the quinone moieties, and that the 

unpaired electron is delocalized in this species. 

Electrolytic reduction of naphthalenetetrone 22 initially gave 

22'*. Higher potentials resulted in further reduction followed 
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by Immadiace proConatioii Cd yield 21 the fmdieal erianion 

22** was found Co be accessible via reduction of naphthasarin in 

basic nolueion. 



www.manaraa.com

89 

V. CONCLUSION TO PART 1 

Ttw investtgaeions described in Pare t of this dissertation have 

attempted to address the question of spin distribution as a function of 

acceptor strength, temperature, and reduction state in polyseoiquinones 

of varying geometric disposition. 

The most significant contribution of this study has been the 

detection of diradical species which exhibit sharp E8R transitions in 

non-viscous media, an observation that has been attributed to the meager 

contribution of dipolar relaxation to the overall llnewidth due to 

délocalisation of the unpaired electrons. 

Also of signlflcanc#, is the energy barrier for electron migration 

in triptycene bls(qulnone) mono- and trlanions, which reveals the 

importance of solvation in th# retardation of the rate of intramolecular 

electron transfer In highly reduced specie*. The observation of a 

general trend of this nature may be contingent upon the conservation 

geometry or conformation in the two reduction states. 

That small differences in acceptor strengths within molecules 

results In dramatic changes in the distribution of spin has been clearly 

shown in the radical Ion 8**, in which the impaired electron 

remains localised at the sit* of greater electron deficiency. The ordi^r 

of electron filling upon subsequent reduction followed a predicted 

pattern based on the electron affinity of each site* 

The form of ESR epectnm Invariably failed to distinguish between 

the initial reduction state# «uch a# xT* and '"JT* in species where the 

electronic interaction Wtween the acceptor groups is poor. This 
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ineuieiv* rasulc Is apparent in the reduction of 18, and must be kept 

in mind in the design of acceptor molecules for which a clear 

spectroscopic differentiation between radical and diradical Is desired, 

Piiwlly, the dangers of erroneous assignaent of radical anions 

generated at high electrolytic potentials has been demonstrated, and 

extreme caution is necessary in view of possible protonation reactions of 

highly basic seoiquinones such as 22**. 
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PART II. CONFORMATIONAL ANALYSIS OF LARGE CARBOCYCLIC SEHIDIUKES 
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I. INTRODUCTION' TO HACROCYLIC SENIDIONGS 

Radical ions darivad from eha (ormal ona alactron raduccion of 

1,2-dionaa ara known as l;2-*atidlonaa. 

A vast numbar of thaaa paramagnatic spaciaa hava baan *anar@ced, and 

hava baan shown to sarva a# vacsacila spin ptobas in cha alueidaeion of 

diver«« phanowana such as confomaeional aquilibria» Ion pairing and 

radical raarr4ng«nane«* Tha fir«e najor sctidy of confomacional mobiliey 

in cyclic 1,2-samidlonea waa raportad (301 in 1967. The ESR apaccra of 

cyclobucana and cyclopancana-l,2-s*aidiones ware ahown eo conaiac of 

sharp paneaea with binomial intanaitiaa which ranainad unchanged batwean 

183 and 343 K, revealing planar or lea# likaly, rapidly equilibrating 

atrijcturea* Cyeloh«xane-l»2-senidione waa found to exist ae a half-chair 

conformation withAB^ « 4.0 kcal mol"* and « -1,0 a.u. for ring 

inversion, calculated from linewidth alternation observed between 183 

and 305 K. These values compare favorably with a of 5.3 kcal nol'* 

found for ring inversion of cie-3.3.4.5.6.6-^- cyclohexene by N.M.R. 

Later studies revealed cycloheptane-l,2-se#idione to exist as a frozen 

staggered conformation at 300 K (61|. Cyclooctane-i,2-semidione was 

found to exhibit a coaplex splitting pattern 4t 298 K« possibly due to a 

mixture of conformations* However* at 370 K, the spectrum nerged into » 
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binomial paneae dua eo elma averaging of tha a'hydrogen acorn# (621. The 

nlne-membered cyclic l,2-#emldione waa invascigaeed with the hope that 

the trana (S) iaomer would be detected. However» the ESR parameter# 
f 

indicated a alngle #pecie#, conformational!y atable between 250 and 320 

K» and con#i#tant with the ei#(^) aemidione (63). Cyclodecana-

li2-#emidione was investigated only briefly, and also found to exist only 

as ttw Z isomer (61). 

Cycloundecane-l,2-semidiooe was found to exhibit two contraating 

aplitting patterns, depending upon the conditions chosen. In the 

presence of (2.2.2)-cryptand, the spectrum appeared to be a broad triplet 

at 298 K, possibly due to the &*semidione. Upon addition of excess 

potassium iodide (KI), a second series of poorly resolved lines, 

consistent with tha Z isomer appeared (61). The lack of resolution and 

the complexity of the ESR spectra for both species precluded a more 

detailed analysis, 

Semidiones* derived from twelve co fifteen-m«nbered rings, were 

found to exhibit a progressive trend toward better resolved ESR spectra 

in the presence of (2.2.2)-cryptand. Cyclododecane-i,2-semidione showed 

hyperfine coupling constants due to four different hydrogen atoms at 400 

K, indicating a frozenconformation at chat temperature (61). The 

thirceenr-membered ̂ semidione showed a similar three-doublet splitting 

pattern at 310 K. Upon warming to 410 K, the spectrum merged into a 

reasonably well defined triplet of triplets, indicating partial 

equilibration of the a'hydroi^na in the £ conformation, 

Cyclotetradecane-1,2-semidione was found to yield similar spectra to 

those observed for the fifteen-membered ring, and was cberfore 
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InweyClguCed only briefly [61]. 

Cyclopencad@cane-l,2-*emldlone jAve a well resolved e x c sc 300 K 

in Che presence of (2.2.2]-crypcand. Ac elevaced cenperacures (#400 

K) Che speccrum showed selective line broadening, however coalescence of 

the lines could not be observed due Co rapid deccmpositon of the 

paramagnetic ion*. Addition of K1 (0.5 H) to tlw solution containing the 

t isomer I resulted in the appearance of a second species, presumably the 

Z-s«niilt»ine. At 330 %, this spectrum consisted of « Itl mixture of a 

t X t due to the j^-semidion#, and a binomial pentet from the Z isomer 

162]. 

The important conformations in medium-large cyclic Z<-semidiones 

'day thus be summarised as follws. Cycloheptane-1,2-semidione undergoes 

observable conformational totimn on the BSR time scale at 170 K. A sole 

process Interconvarting two degenerate conformations (23a Z 23b) cannot 

alone account for the wgnitudes »f the splitting constants observed at 

limiting temperatures, a discrepancy best ascribed to the accessibility 

of additional conformations at elevated temperatures [61]. 

The ESR spectrum of rhe eight-m^sbered Z-semidione is complex. 
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possibly 'ilia to a mixture of conformations at 300 K. Warming causes a 

reversible change to a pentet which has been attribatad to the fluxionai 

cyclooctane-l,2-s#midione. The nine-menbered ring Is conformâttonally 

stable at 300 K, and its SSR spectrum, like those of the seven- and 

eight-membered rings also shows a variation with temparature. However» 

in contrast to the lower homologs, the total spectral width of the 

nine-metabared semidione does not alter dramatically with temperature, an 

observation consistent with a simple interconversion between tw 

degenerate conformations. 

Confobnational motion in the larger (eleven- to fifteen carbon) 

cyclic Z-senidiones is interesting. The a-bydrogens in tl» eleven- and 

twelve-nanbered rings do not appear completely equilibrated at 380 K. 

This effect ta present, although to a lesser extent in the higher 

honologs as wall, atic* tW thlrtaea to fifteen-aaiibared clog* had to W 

Watwl trt »fd«r to observe binomial pentets of sharp line# 161 J. 

'font remarkable is the observât ton that cyclohexane-1,2-semidtone 

exhibits a higher rate of conformational interconveraton than any of thi? 

higher ho<sologs studied. Apparently, the reduced enthalpy of activation 
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is offsac by an axalead (negacive) entropy earn in the large and "floppy" 

ring*. 

Conclusions regarding conformational nobility in and 

other heterocyclic E-#emidione# have recently been advanced (62-64). 

The three-doublet (dxdxd) splitting pattern observed for the 

Cij-Cij carbocycles above 300 K, and presumably those arising at 

subanbient temperatures for the and rings have been 

interpreted in terms of frosen asymétrie conformations, such as la-td 

(Scheme 1X1) (62). For the and Cjj carbocycles, the ESR 

spectrum exhibits four different hydrogen splittings at 400 K, revealing 

extremely rigid conformations even at high temperatures. In the ease of 

higher homologs, the minor movement of atoms necessary to interconvert 

lb becomes possible at modest tempertures, and the spectra en^lesce into 

well defined triplets of triplets. It is important to note, however, 

eMt these txt's are not believed to be a result of two pairs of 

statically equivalent hydrogen atoms, but rather due to the rapid tiw 

averaging of with and Hg with by a process 

interconverting la to lb and Ic to Id in Scheme III. 

At 409 K, the txt due to ̂ cyclopentadeeane-1,2-semidione shows 

selective line broadening, possibly due to the onset of a process 

involving the rotation of the semidione wiety through the cavity of the 

carbocyele (62). However* 
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0̂  M 
tbia procass» which infeaceoavarea la(h) Z U(d) in Schama 111, and ona 

which ia pcadietad to raaule in a binomial pantat whan occurring at a 

rapid rata on tha B8R tima acala, cannot unaquivocally ba claiaad to ba 

occurring in ̂ cyclopantadacana-l ,2-aamidi<ma, ainca dacoapMition of tha 

radical iona md loaa of aignal intanaity wara found to pracada 

coalaacanca of tha linaa in tha ESR apactrum. 

Schwa 111*' 
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II. SRMIDIONES DERIVED FROM l-HYDROXY-2-KETOCYCLOTETRACOSAîE 

A. Introduction 

Earlier invastigations addrasaad eha t4«ua of conformational 

prafarance, and mobility of tha hydrocarbon loop in tha proximity of th« 

spin labal for larga carfaocyclas. Thasa studies 

revealed two distinct configurations» the more stable and preferred IE 

isomer, and the ̂ -semidione, detected only as a mixture with the ̂  

radical, In the presence of excess quantities of K*. Conclusions on 

the conformational mobility of Urge ring senidlones in the ̂  

configuration could not be drawn with confidence, aince the admixture of 

speciea, poor resolution, coupled with unfavorable signal to noise ratios* 

made analysis of the ESR spectra difficult. 

The preferred low temperature conformations tn large ring 

^semidiones were poorly understood at the inception of the present 

study. The difficulties primarily when cooling the radical 

containing solutions, whereupon a drmatic loss of resolution and 

signal intensity often ensued. Additionally, an important question 

regarding a specific motion of the senldione spin label with respect to 

tha hydrocarbon ring (here termed Internal rotation) remained unanswered 

due to the lack of coalescence in the high temperature 

spectrum. 

The present Investigation was thus undertaken with the explicit 

purpose of acquiring higher quality ESR spectra of large carbocycllc 

^•semldiones,. of deriving a better tmderstanding of the preferred 

conformation in E-semidiones at low temperatures, and most 
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importantly, of clearly determining the feaaibilicy of internal rotation 

in the cyclic ̂ -sutidiones. 

l-Hydroxy-2-ketocyclotetracoflane 24, precursor to cyclotetra-

co#ane-l,2-#enidione was prepared with the expectation the extended 

perimeter of the twenty-four-memWred ring would facilitate internal 

rotation in the cyclic JE-scnidione, in addition to serving as a 

possible access to large carbocyclic Z-semidiones. 

24 

B. Results and Riacussion 

Reaction of freshly prepared, unpurified or hydroxy ketone 24 

with potassium tert-buCoxlde/C2*2*2]-cryptand (ItI) in anhydrous. 

4,2 G, 14 W's), " O.l G, 14 H'sJ, g • 2,003046, Figure 24), 

Upon warning, the lines in the spectrum approached bimmial intensities 

of It4t6t4tl, (Figure 25a-c), while the cooling of DMSO/DMF solutions 

resulted in further broadening of the second and fourth peaks, until at 

248 K, the spectr»» consisted of a 1:4:1 triplet of sharp wing and 

central peaks, loss of signal intensity and resolution resulted upon 

further cooling, however, at 218 K, the spectrum appeared consistent with 

a species showing hyperfine coupling to four different hydrogen atoiw 

(a" » 8,5 C 11 HI, a* • 6,6 G [1 Hj, a** • 1,9 G Cl Hi, a** < 0.05 G [l 

deaerated DNSO resulted in an excellent ESR spectrum at 298 K (a^^ » 
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Figure 24. PirsC Derivative BSE epectrwm of E-cyclototraco«ame-I,2-eemidiome ac 298K 
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Figure 23. Firme d«rivaciv« ESR •p«ccrwR of E^'cyclocctracocatMr 
l,2-c«nt(iion« at 
(•) 318 K 
(b) 338 K 
(c) 338 K 
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Figure 26. Firse d#rivaciv# CSR spcccra of E;*cyelocotr«coMno-l,2-
••nidiono ac " 
(a) 288 K 
(b) 248 K 
(e) 208 K 
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Figure 26c). 

Astignnant of eho radical a pacta# oWarvad baewaan 213 and 378 K la 

nada eo tha cyclic ^-sanidlona on etw baaii of ESR paramaeara such as 

•pliccing paccarn, g valu# and prior axparianca vieh ratio* of 

large carbocyclaa observait in ehe presence of complexing agença. The low 

eamperacure (218 K) spectrum of the cyclic £-feniidion« is thus 

consistent with frosen, asymmetric conformations of type la-Id previously 

described In ScMme III# At 248 K, the spectrum displays selective line 

broadening due to an intermediate rate of the process interconvertng the 

superinposable structures la(c) Z lb(d) which tine averages the 

yhydrogens H| with 11^ and Mg with Upon warning the solutions 

further» the second and fourth peaks appear and gain intensity» 

and at 378 K, the spectrum closely exhibits binomial intensities of 

I:4t6t4tl« Of important conaequence. Is the olwervation that the 

transition from a temperature at which the conformational equilibria* 

la(b) Z &c(d) is intermediata, to 4 taniwratur* at ^hlch thi# 

interconversion is rapid on the ESR time scale does not involve the 

interredMtîy ftf 4 well defined triplet of triplet* splitting, as is the 

case for the previously studied ^semidione. 

The absence of a txt spectrum» and the direct passage from the low 

temperature l;4;l splitting to a near binomial pentet at 378 K has the 

unfortunate effect of erradicating any clear distinction between the 

process interconverting la(c) ̂  lb(d), and one involving internal 

rotation of the fe<sidione noiety (the interconversion la(b) » le(d)). 

The ambiguity arises due to the fact that the observed pentet need not 

necessarily arise solely from the process of internal rotation, since a 
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I t4t6t4; l  pcntat docs not require four chemically equivalent (on a time 

average) hydrogen atooa* The splitting pattern at 378 K could 

conceivably occur due to the process la(c) = lb(d), since, when four 

magnetically nonequivalent hydrogen atMS are time averaged to yield two 

pairs of equivalent hydrogens, (Hj and H^, Hg and H^), a binomial 

pentet may forbiitously result if a^^ + « Sg* + Inspection 

of the low temperature splitting constants (6.6 G [l H], 1,9 0 [l H], 

8*5 [l M]), and the equation (8.5 + 0.0 • 6.6 + 1.9) reveal that 

this iwssibility cannot be dismissed in the case of E-cyclotetracosanc 

1,2-semidione. 

C. Effects of Ion Pairing on E/Z Ratios 

The C^-Cg cyclic senldlonas were found to exist as the Z 

isomers with ion pairing constants (K*, 298 K, DN80) increaaing from 

14(C^) to 87(Cj) to 220 (C*), 190 (C,) and 260(0,) for the 

carbocycles in the presence of K^,{2.2.2l-eryptand, 

the B isomer was found to predominate, whereas in the presence of K*, 

the Z isomer was preferred in some instances (621. Complete time 

averaging of the a«hydrogens to give a binomial pentet in the 

^-semidlones was found to occur only upon heating, while cooling 

generally resulted in a reversible loss of signal intensity from the Z 

isomer* 

Addition of K1 to solutions slwwing byperfine coupling due to the 

^cyclotetracosane-i,2-eemidione resulted in the appearance of a 

n 
second species (of lower g and larger a values) which did not time 
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Figure 27, First derivative ESR spectra of £/£ mixtures of cycle-
tetraco#ane-l,2-semidione at 33^%" 
(a) Solution 0,4 H in K1 
(b) Solution 0.6 M in K1 
(c) Solution 0.8 M in K1 
The Z isomer is marked witb vertical lines 
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average with the inieial radical present, the relative abundance of each 

species appeared to be strongly dependent upon the concentration of 

potassium ions In the nediuni, with the new species being preferred at 

high lK*|, (Figure 27a-c, a^*^ «• 5.2 C (4 H'sl, -

0,08 G {4 H's), g " 2.00485, l»$SO). These observations and prior 

experience |65) with splitting patterns of isomeric semidiones 

collectively support the assignment of the new specie# to 

^cyclotetracosane-1,2-semidione. 

At 338 K, the spectrum due to a mixture of and ̂ -semidiones 

reveals both species to be undergoing selective line broadening. The 

origins of this effect in the t isomer have been discussed in the 

previous section. In the case of the ̂ semidione, the observation 

that complete time averaging of the or hydrogen atoms to yield a binomial 

pentet only occur# at 368 K is remarkable, although in keeping with the 

behavior of the previously studied ^-carbocycles. 

Conformational motion at low temperatures in the ̂ semidione 

could not be studied, since cooling of DMSO/WF solutions containing 

mixtures of the jE- and ̂ semidiones invariably resulted in a 

dramatic, reversible loss of signal intensity from the Z isomer, an 

occurrence that has been attributed to dispcoporticnation of the semidione 

to the dione an., the enediol dianion. 

In summary, the yz ratio of cyclotetracosane-1,Z-semidione 

changes from an estimated one hundred for the free ion, to approximately 

one for a solution 0.4 (i in K* at 298 K. Conformational motion in 

the ̂ semidione mimicks that in the carbocycle, since 

warming causes the p«gntet due to the Z isomer to attain binomial 
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ineansicies, while cooling below 298 tC remule» in reversible loss of ehe 

SSR signel due eo disproportionaeion of ehe radical ions. 

0* Conclusion 

Cycloeeeracosane-l,2-semidione exises primarily as the ̂  isomer in 

ehe presence of K^(2.2.2]-erypeand, wieh an E/^ raeio of 

approKimaeely 100 at 298 K. Addition of K1 resules in ehe appearance of 

ehe Z isomer which can be deeeceed as a 111 nixeure wieh ehe 

JE-senidione ae a poeassium ion conceneraeion of approxlnaeely 0.4 H. 

Conformâtional noeion eine averaging ehe crbydrofsns in ehe large 

cyclic ̂ semidione, occurs less readily ehan in some of ehe lower 

homologs seudied, an observation that has been ascribed to ehe offseeeing 

of a more favorable eerm by an exaleed negative entropy of 

activation in the extreme "floppy" carbocycle. Conformational preference 

and mobility in ehe &*senidione at low temperature remins uncertain 

due eo loss of ehe E8R signal upon cooling. 

The low eemperaeure spectra recorded for E«cyclocetracosane*lt2* 

semidione further substantiate the claim of frozen, asymétrie 

conformations in large carbocydic ̂ semidiones. The observed 

conformational preference may be a consequence nif enhin««d wlvati^n of 

the asyevetric aeructure. 

\ t  elevated temperatures, coalescence of  ehe lines due to the JE 

isomer to give a binomial pentet has been shown possible for 

conformational equilibria involving minor movement of the orhydrogen 

atoms. The high temperature ESR spectrum of J^cyclotetracosane-
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l.Z-SMidlon* chus fall# Co provide unequivocal evidence for incarnai 

rocacion in che cyclic 1,2-semidione. 
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III. SEMIDIOKES DERIVED FROM ACYtOINS OP P-CYCLOPHAtlES 

Il,4-(n'-HVDROX1f-(n'n)-KETOPOL»lBTHYtElE) BEÎZENES] 

A. Introdueelon 

TtM high etntptraeurt ESR •paccrum of &-cyetoe«eracoian«-l,2' 

•«BidiofM wa# found not to provida an unaobiguoua axao^la of incarnai 

rotation in cyclic t»2-aanidionas* th« study vas thus continuad, and 

aNtandad to includa tanidionaa darivad fro# tha mra raadily accasaibla 

acyloins 25 (a-d). 

at nP4 ci n»9 

bt n*7 d* i^ll 

The choice of hydrocarbon skeleton in conpotmda 25 (a-d) vas 

wade primarily on the basis of the expected ea#e of synthesis of the 

paracyclophanes as cottpared to polynethylene macrocycles such as 24, 

The presence of a l»4-bensene linkage in the ring vas not expected to 

dramatically alter conformational mobility of the corresponding 

E-semidiones, and it vas hoped that suitable choice of chain length in 

25 



www.manaraa.com

Hit 

a maeroeyellc aemidion* would result tn <% radical tn which the occurence 

of a (oreuieous peneec would be replaced by a aplietlng paetern unique ea 

a proce## involving incarnai rotation* 

B. Reaulct and Diaeuaaion 

Oisproportionation of crude crhydroxy ketone 29d in potaaaiun 

tere-butoxide/12.2.2l-cryptand (Itl) in dry, oxygen free KISO resulted 

in the ESR apectnn of Figure 28a • 4.25 G |4 H't], 

• 0.12 C {4 R*s], g • 2.003045). At 298 K, tha apectrun due 

to &-seaidlon« diaplayed aaleetive lin# broadening, however upon 

warming, tha second and fourth peaks gained intensity and coalesced to 

give a binomial pentet at 348 K, (Figure 28 b,c). Cooling of WSO/OMF 

solutions balow 298 K resulted in further broadening of tha second and 

fourth peaks, until at 238 K, tha spectrum consisted of a 1;4;1 triplet 

of sharp central and wing peaks. Continued cooling was accompanied by 

loss of resolution and signal intensity, however at 208 K, the oNiervad 

signal wa« consistent with hyparfine coupling to four different hydrogen 

atowa, «itiillar to that observed for the low temp#mtwre 24-igamberW 

&-semldlon« (a^ - 7.9 « tl »1, a** • 5.9 G (I Hi, • 1.9 

G II HI, 9^ < 0.05 6 U HI, Figure 29 a-c). 

Addition of Kl to solutions showing hyparflne coupling primarily due 

to the Z isomer, resulted in the appearancu of a second species, 
a 

presumably th« ̂ semldione. Figure 30a (a^ • 5.2 G 14 H'»l, 

» 0.08 G 14 H'sl g » 2.00485. At 298 K, the spectrum showed 

selective line broadening, indicating Incomplete équilibration of the 

four a-hydrogen atoms in the ̂ semldlone. Warming to 358 K caused the 
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Fleurs 28. Firse dtrlvieiv* ESR sfMcera of tht E-itsddiont 
derived fron 25A ae " 
(a) 298 K 

Cb) 328 K 

<c) 348 K 
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Figur* 29. Firie d«rivacivt CSR mpeccra of th# C-f«nidion« derived 
froB 25d ac " 
(a) 258 K 
(b) 238 K 
(e) 208 K 
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5.0 Cause 
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FIgur* 30. First dcrivaeivc ESIt «pacers of the and Z-s«oldiones 
darlvad froa 2Sd ac " 
(a) 298 K 
(b) 358 K 
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lines CO approach binomial inkanaicle* of 1:4:6*4:1, while cooling below 

298 K WAS found eo result in che reversible loss of signal due eo ehe Z 

isomer* 

te is thus apparent ehae confortnaeional motion tn the ̂  and 

^-seoidiones derived from 23d closely resembles that in the &• 

ami ̂ -eyclotetracosane-l|2-8enidiones* Complete time averaging of the 

^'hydrogen atoms in the Z Isomer could only b# accomplished upon heating, 

in keeping with the previously established hehftvlor of macrocyclic 

^-senldioaes* Of greater significance, however, is the observation 

tint the HSR spectra recorded between 208 and 343 K for the 

^semldlone derived from 2Sd fall to provide unequivocal evidence 

for internal rotation tn the macrocycle, due to, in much the same 

fashion, the ambiguity that arose in tlw case of 

^cyclotetracosane-1,2-semldlone. Inspection of the hyperfine 

coupling constant* for the frozen, asymmetric structures reveals that a 

fortuitous pentet may result at high temperatures via simple rocking 

motion of the ̂ -methylene groups in the ̂ semidlone (the motion 

described by the Interconversion la Z lb in Scheme 111), since the 

largest and maallest coupling constants, may in principle, average to 

give a number close to the value of the intermediate coupling constant*, 

time averaged (7,9 + 0.0 - 1.9 + 5.9), Further elucidation of the 

properties of this radical was thus not pursued, and the search or 

internal rotation was continued with the semidlone derived from 25c. 
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C-OH 

23e 

TTMCMRC of pur# @-hydro%Y kecon# 29E with poKMaiim T#rt-

buCo*id#/(2.2.2l-crypKamd (1*1) in anhydrouc, dagaaiad DM80 gava riaa eo 

n 
eha wall raaolvad apaecnn for eha C-aa»idiona (a " 4.19 [4 H'al, 

a^ » 0,2 G 14 B'fit g • 2.005061, Figura 31a). Upon warning Co 378 

K, cha linaa in eha apaeerus wara found to approach binomial intanaiciaa 

(Figura 31 b,e), whila cooling raaultad in further broadening of tha 

aacond and fourth paaka (Figure 32a), until at 233 K, thaae line# were 

eaaantially mobaarvable to yield a 1:4;1 triplet of aharp central and 

wing peaka (Figure 32b). Continued cooling reaulted in a apectrun 

conaietent with the frozen, aaymetric conformation previously described 

for macrocyclic ^-seaidiones (a® • 7.75 G [1 Hj, a® • 5.7 GU Uj, 

a® • 1.8 G Cl »1. a® < 0.05 6 (1 Hj, Figure 32c). 

Addition of KX to solutions showing hyperfine primarily from the 

j^semidione, resulted in the appearance of the Z isomer in a more 

favorable ratio (at 0.4 M in KI, the was found to be 
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figure 32. First derivative ESR spectre of the &-seaidione derived 
froa 25c et "" 
(a) 253 K 
<b) 233 K 
(c) 173 K 
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approxinaealy 1, * 5.1 G (4 • O.l G (4 H'si 

g • 2*00485, Figurt 33). A# obicrvcd for th« prtvloutly aeudied 

aiacrocyelaa, coaplata coalaaeanee of eha llnaa co glva binomial 

inctnaieiaa could only b# accompliahad upon warning eha lolueion. 

Inapaccion of eha low eanparaeura hyparfina coupling conatanta for 

elia E-amidiona darivad from 35c once again reveals che possible 

occurrence of a pencet due to a process other than one involving internal 

rotation, aince the am of intermediate coupling conatanta approachea 

that of the largaat and snalleat aplitting (7.8 + 0 # 5.7 + 1.8). 

Thua, the ESR apactra recorded for the &>aeaidionaa derived from 24, 

23d and 2Se failed to provide unequivocal evidence for internal 

rotation in the macrocydea. It waa aubaequantly auggeated {66) that 

poaaible cauae for the abaence of a triplet of tripleta apectrun in the 

aaid aacrocyclea nay have had ita origine in the near equivalence of the 

energy barriers for the proceaaea involving rocking notion of the a-methy-

lene group and internal rotation of the semidione moiety (procesaes 

la e lb and la s le, reapactively. Scheme 111). In auch inatancea, the 

transition from the frozen, aayonetric conformations recorded at low 

temperatures, to toiperatures at which equilibration of the %-hydrogen 

atoms to give two sets of time averaged nuclei ia expected, would be 

obscured by the intervention of internal rotation due to the relative 

facility of thia motion in the macrocycle. Conatriction of the 

macrocycle would predict a lifting of the degenerate energy barriers, 

since internal rotation is expected to W considerably less facile in 

smaller carbocycles* Thus, the o-hydroxy ketone 25b was synthesized 

and the properties of the corresponding j^semidione examined. 
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Figura 33. First dertvaclv« ESR epectrun of and Z^wmldMne* 
derived Cr<M 2Sc ac 333 K. " 
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7 

C»0 
C-OH 

25b 

fUMccion of fre#hly prepared, unpurlfled ci'hydroxy keeone 25b 

with potaeelua tert-bueoxlde/12>2.21-cryptand (1:1) In anhydrew#, 

deaeraeed mso reauleed in the spectrin for the E*segUdone« Figure 

34e, Warming caused the lines In the spectrum to merge Into a 1*4*1 

triplet of sharp wing and central peaka. Figure 34b, Further heating 

resulted In the appearance of the second and fourth peaks, and at 378 K, 

the spectrum was found to approach the binomial Intensities in a pentet 

(a® • 3.9 G 14 B'sl, Figure 34c). 

Cooling to 263 K of solutions containing the J^semldione led to 

the predicted splitting pattern, a well-defined triplet of triplets 

(aj" - 6.10 C C2 B'sl, - 1.7 C, U U'sl, Figure 35a). 

Further cooling to 223 fC resulted in a spectrum showing hyperfine 

H H. 
coupling to four different hydrogen atoms (a » 7.6 G U H), a > 

6.3 G i l  HJ, a® - 1.3 G [ l  Bj, a® < 0.05 G (1 Hj, Figure 35b). 

Addition of Kl to solutions containing the E-semidlone resulted 
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Figure 34. Firme derivative ESR speeerus of the ̂ memidione derived 
Iron 25b at " 
(a) 298 K 
(b) 348 K 
(c) 378 K 
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Figura 35. Firae darivaciva ESR apaccrus of tha C-aaoidiona darivad 
from 2Sb at "" 
(a) 263 K 
(b) 223 K 
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Fleure %. First derlv#c&** F4!lt «ppctru» of ̂  
derived fro® 25*» #t 393 K 
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in Kh# appcaranctt of ch« £~isoffl«r« Ac 393 K, eh« spaetrua was found 

to exhibit a binomial pentat (a^ > S.O G [4 H's] Figura 36), 

indicating emiplata equilibration of tha a-hydrogan atoms in tha 

^-samidiona* 

Conformational motion in tha £-iamidiona darivad from 2Sb may 

thus ba swmarimad as follows. At 233 K, tha spectrum shows hyperfino 

coupling from four different hydrogen atoms, due to non-equilibrating, 

asymmetric structures of the type previously discussed (structures la-Id 

in Scheme III). Upon warming to 268 K, the interconversion la(c)a lb(d) 

which time averages with the and Mg with (a process that has 

been previously dsscribed ss "rocking motion") becomes rapid on tlM ESR 

time scale, leading to a well defined triplet of triplets. Further 

warming results in selective line broadening, due to the onset of 

internal rotation, a process which equilibrates Hj with Hg and 

with (the interconversion la(b)% c(d)). At 378 K, 

internal rotation in the ̂ semidiona is occurring at a rate 

intermediate-rapid on the ESR time scale, as observed by the approach of 

4 ol é 
a binomial pentet. The values of aH " 10 kcal mol and aS * 

+ l.O e.u were estimated for this process from selective line 

broadening observed between 355 and 385 K. The ̂ semidione derived 

from 25b thus serves as the first clear case wherein internal 

rotation may be imambiguously invoked in cyclic &-l,2-semldiones. 

While the primary goal of this investigation was achieved with the 

assignment of internal rotation in the JE-semidione derived from 

2%, it was deemed desirable, in the interests of completeness to 

undertake the study of conformational motion in a more rigid cyclic 
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semidlome, ona dertvad from a in«dluiit slsad ctrbm̂ yjla »t eŷ M 

25#. 

\ 
CmO 

C-OH 

(CH,1 

25» 

Oisf>co|M>rtioMelon of, fcefhly prepared, crude a-hydroxy ketone 2Sa 

with pocaaslma tert-butoxide/F2.Z.zTTcrYDtand (1:1) in degassed mso 

resulted in a poorly resolved spectrum of broad lines which remained 

essentially unchanged upan warming to 353 K. Analysis of the spectrum 

raveals a doublet of doublet of triplet splitting (â  • 6.5 0 U Hi, 

• 1.7 G n BJ, a** • 4.8 C f2 H'sl), consistent with hyperfine 

coupling in a rigid E-semidione. 

Generation of th>» radicnl ions with 0.1 H potassiiea jçerr-butoxide 

or addition of K1 to [2,2,21-cryptand solutions resulted in the 

appearance of the ̂ -semldione, and at approximately 0.8 M in K , 

the ̂  isomer could be observed exclusively > IQ in QHSO). At 

298 the spectrum due to the ̂ sesidione was found to be a 1:4:1 

triplet of sharp wing and central peaks due to selective line broadening 

from an intermediate race of a process équilibraitig the a-hydrogen 
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(Figure 38m). Cooling co 253 K ltd co thd appearance of a well-defined 

triplet »( triplets spectrum expected for a ̂ -senidione at low 

temperature# (a^^ - 5.5 C (2 H'aJ, - 1.5 C (2 H's] 

Figure 38b), while heating above 298 K resulted in the approach of 

binomial intensities in a pentet, indicating near complete equilibration 

of the atoms. Conformation motion in the and 

^-semidiones derived from 2Se thus closely mimick# that In ehtt 

and C|2 polymethylene carbocycles previously studied* 

the effects of geminal substitution at the carbon atoms # to the 

semidione moiety on conformation motion in cyclic setaidiones were briefly 

investigated vie the radical ions derived from 2Se. 

2Se 

Reaction of 22fe with potassium tegt-butoxidg in deaerated DHàO 

rise to a spectrum showing hyperfin« coupling from two sets of two 

aquivalent hydrogen atom (a" » 6,25 G (2 H'sJ, a® • 13.75 C 

[2 H's] g = 2.00488, Figure 39), The triplet of triplets splitting in 
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Figure 38, Firtc derivative CSR spectra of the ̂ -seaidione 
derived from 23a " 
(a) 298 K 
(b) 263 K 
(e) 363 K 
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figure 39 Niwined asaenclally unchanged between 253 And 373 K, md upon 

addition of excess quantities of (CI or U*2*2]-cryptand* These 

observations, coupled with ttw form of the spectrum, collectively 

indicate a semldione with the Z configuration. The lack of 

conformational iiwtion time averaging the %-methylene groups U In keeping 

viith the serious steric interactions that such a motion would provoke. . 

Absence of the C-isomer may also he ascribed to severe non-bonded 
. 

interactions in the semidione. Examination of molecular models 

substantiates this premise. 

C. Conclusion 

Conformational motion in cyclic K- and Z_-l,2-i«8ildtones 

derived from acyloins 25a-d has been investigated by RSR 

ipwctroscopy. Variable cwperature spectra obtained for the 

^-semidione upon disproportionation of 23a revealed an axtremely 

rigid, asyimetfic conformation, similar to that observed in the 

medium-sized C^ and polymethylene carbocyles previously 

studied. 

The ̂ -semidione derived from 25b was found to be considerably 

mare flexible, since equilibration due to rocking motion (resulting in a 

^ell-def ined triplât )f triplets) was found to occur at suhwblent 

temperatures. Upon further heating, the ESR spectra were consistent with 

the onset of internal rotation in the cyclic £-semldlon«. At 378 K, 

this process (which time averages all four o-hydrogens) was found to be 

intermediate-rapid on the ESR tine scale, resulting in a near binomial 

pentet. 
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At low températures, the £-aemidione« corre$pomdlmg to the 

macrocycle* 25c and 23d gave rtse to spectra due to frozen, 

asynwietrlc structure# of the type la-Id. Warming resulted in selective 

line broadaning to glv# a 1*4:1 tripl#t, which coalesced into a binmiial 

pentet at high temperature* The absence of a well-defined triplet of 

triplets splitting in these variable temperature spectra has been 

attributed to the near equivalence of the energy harriwrs for rocking 

motion and internal rotation in the senidiones. 

Conformational motion equilibrating the @-hydrogen atoms in the 

^-senidiones derived from 2Sb-d was found to occur less readily 

than in some of the lower homologs studied. The low ten^rature 

conformations of these species could not be studied» due to loss of ESR 

signal intensity upon cooling, an occurrence that has been ascribed to 

disproportionakion of the radical ions* 



www.manaraa.com

143 

IV. CONCLUSION TO PART II 

The principal objectives of this Investigation included those of 

acquiring high quality RSR spectra of macrocyclic ̂ -senidiones» of 

galnlig 4 better understanding of the preferred low temperature 

canftirtiMtian Ui cyclic ̂ -semidiones, and most Importantly, of clearly 

letemintng the feasibility of internai rotation in cyclic 

Vsenidtones* TTw^e objective# t»ve been inet. 

E8% spectra of macrocyclic ̂ seaidiones derived from 24 and 

25b-d further substantiate previous otwervations that t>w rate of 

conformational motion equilibrating the a-hydrogena need not be 

cotflMenaurate with ring size. An increase in the ring aise results In 

lower but also has the consequence of introducing configur-

ational pathways of low probability involving rotation* inwng the single 

bonds in the ring in a rigid time sequence. 

BSR spectra recorded at low temperature for ^-semidiones derived 

from 24 and 23b-d are consistent with conformation» of the type 

la-Id. This conformational preference has been attributed to enhanced 

solvation in the asymmetric structure. 

At modest temperatures, the ESR spectra of £-«emidione« 

corresp'i'vJlng to 24 and 25b-d display selective line broadening 

due to a process involving rotation of the lemidione nolety through the 

cavity of the carbocycle. In the case of the ̂ -SMiidione derived from 

25d, complete equilibration of the %-hydrogen atom# indicates that 

internal rotation in the macrocycle is rapid on the BSB time scale at 

378 K. 
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PART 111. MOLECULAR REARRAKCEHENTS IN 1,4- AND 1,2-SEmDlONES 
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X. INTRODUCTION TO VALENCE ISWIERIZATION STUDIES OF SOME BXCYCLIC 

AND TRICYCUC SEMIDIONES 

Valcnca itoawlMCions involve nolccttlar rtarrangcMnes which occur 

without migration of atom# or groupa of atom# (67), In instancaa whar* 

thi# proca## ia dynamic, tha tatm valanca tautomariam i# oftan cmployad 

{68). Tha phanomanon continuas to be of conalderabl# intaraat, and has 

baan raviawad (69,701. 

Tha firat example of valence iaomeriiation in an aliphatic 

aemidione waa encotmtered fortuitoualy in an inveatigation of the long 

range hyperfine aplitting in bicyclo[3,l,0]he%ane-2,3-#amidione, [7l] 

Scheme IV. 

Scheme IV 

9 (Causa) 

C-l « 4.6 

C-««, ' 14.3 

antl 

.<0.1 

(CHj) 

a (Gauss) 
ÏÏ-1 » 4.3 C-5 

C-6 syn 

» 0.40 

- 0,90 

The rearrangement in Scheme IV ms found to be strongly dependent upon 

the concentration and strength of the base, in addition to requiring a 

steric driving force at 298 K, since the isomerization was not oWerved 
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when R"D, and occurrtd more rapidly when than when 

R"CHg. In the ease of R-CM^, the rearrangement proceeded to 

completion, driven presumably by the thermodynamic preference for the 

anci methyl group at C-6, These observations prompted further 

investigations into similar bicyclic-monocyclic equilibria in systems 

analogous to the classical cycloheptatriene-morcaradiene and 

cyclooctatetraene-bicyclo{4.2.0Ioctatriene systems. 

The generation of 2,S-senidlones in the blcyclo{4.2.0loctane system 

was accomplished via base-catalyied oxidation of two isomeric, saturated 

diones 1721* Reaction of both Isomers led to the same semldione, 

possibly due to valence isomerisation at the dianlon stage (Scheme V)« 

Scheme V 

Base 

11 

Koleetilar rearrangement in l,2-ee#idiones derived from (CH)^ 
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hydrocarbons was invcstigacad via ch« reduction of eh« bansvalana 

darivaeiva {72) in Schema VI. 

Schema VI 

Electrolytic reduction of the stable diona at 235 K gave a broad, 

unresolved singlet, possibly due to the unrearrtmged 1,2-sanidiona. This 

radical ion was found to be quite unstable, and disappeared imaediately 

upon cessation of electrolysis. At 298 K, electrolysis of the diona 

produced only the oj-benweemiquinone. Thus, valence isomerisation in 

this system occurs readily at ambient temperatures. 

Treatment of the tricyclic diketones in Scheme VII with mild 

reducing agents such as propiophenone enolate resulted in paramagnetic 

species with extensive hyperfine structure (73,74). The splitting 

pattern in these species is consistent with the ring opened bicyclic 

0' 
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••oiquinonc wherein the unpaired electron has been extensively 

deloealiaed into the entire pi framework. 

a" In C 

(0.78) (0.25) 

(0.25)" 

H (2.85) 

(0.78) 

o — 
(0.7), „ (1.75) 

(1.0) H Ô. 
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II. DERIVATIVES OF BICYCL0[4a*0)lEPTANESEMIDI0XE 

A. Inetoduceioti 

Ttw pottlbllley of molmcular rMrrangtncnc in paranagnctie analoguaa 

of eha cyelohapeatriana-norearadlana aquilibriua haa baan invattigacad 

via cha radueeion of bicyelo(4,U0)hapcana-2,S-dlona darivacivaa. 

Raaction of aucarvona 26, with baaa, followad by a traea of oxydan, 

and eraaemane of 27 with potasaium tare-butoxida in SHSO rasultad 

in cha ama aaaidiona, having tha poaaibla atructura 28 or 29 

1751. 
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ISO 

Analogously, reaction of 30 and 31 with basa followed by a trace 

of oxygen resulted in a senidiona that could have the structure 32 or 33. 

Base Base 

30 
31 

33 o* 

Nafaecie nonequlvalence of tlw methylene hydrogens In 32 or 33 or 

of the geof-diaeehyl groups in 28 or 29 is more consistent with 

the structure 29 and 33. Further evidence for the bicyclic 

structure was furnished upon reduction of dione 34, since the 

monocyclic structure re<|ulres the value of a H 
CH^ and 

a^ * be roughly equivalent becauae hypercoi^Jugation of the 

metl^lene and starred matlqrl hydrogens is expected to be near equal. The 

R H 
large difference in a^^ and a^g * thus demands the bicyclic structure 

C'3]. ' ' 

34 
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34 

0.87 

AGĤ H"5,20, 5.2 

H. 
'CH. 0.25, 0.2 

Reaction with (ratatsitn tart-butoxida in DM90 of ayn- or anti-7-mathyl 

darivativaa of bieyelo(4.l.0lhapta-2,5-dionaa (37 or 39, 

raapactivaly) raaultad in tha aaaa nixtura of «SX of 37'* and ** 

95% of 38*** Tha raaulta ara indieativa of intareonvaraion at 

tha radical ion, dianion or anolata dianion ata#a. Cvidanca for 

ionisation of tha bridgahaad proton# to giva anolata anion# wa# providad 

by tha obaorvation that in baaic WSO-d^, 37 gava tha aanidiona 3P ' [76]. 

37 
T 

DHSO-dé 

Base 

H 

IT 
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Blaccrolytle réduction of th# anti-7-m#khyl diona 38 led to a strong 

ESR signal du# #xeluaiv#ly to th« anti-amidiona 38** • Upon 

etaaation of tlaetrolyaia, tha atrangth of tha ESR algnal daeraaaad to 

ravaal additional hyparfina dua to approxinataly 4% of tha ayn-aamidiona. 

Blaetrolyaia for a briaf period of tha ayn-diona 37 reaulted in tha 

apaetrus dua only to tha aemidione 37"* However» the final 

apeetruB upon extenaive eleetrolyaia of 37 waa clearly that of tha 

anti-aenidiona 38**, with a few percent of tha ayn iaomer. Iheae 

obaervationt are eonaiacent with valence iaooerlMtion involving the 

equilibrium 37 * # 39"* » 38** $ together with rapid electron tranafer 

between the dionea and aenidionea» althoi^h it ia alao poaaible that the 

ayn-anti intarconveraion involves tha dianion apeciea 37* ̂  

39* S 38* 1741. 

37 

38 
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Th# prasant study was inltistsd with the purpose of further 

investigating the possibility of valance isoaeritetion in 7-substituted 

bicyclo[4.1.0lhepta-2,5-samidiones. It was hoped that the radical ions 

derived from 4<^-43 (76,77] would extend upon the array of known 

paramagnetic analogues to the norcaradiene-cycloheptatriene equilibrium. 

B. Results and Discussion 

Electrolytic reduction of syn-7-cyaiM»bicyelo{4.l.0lhept-3-

ene-2,5-dlone 40$ in CH^CN solution at a Hg pool with IBAP as 

supporting electrolyte resulted in the well resolved ESR spectrum of 

Figure 40 (a® • 5.1 C U B's), - 2.45 G (2 B's), a® • 1.4 

G [1 H]), Assigiutent oi byperfine coupling cmstants in the unrearranged 

syn sesidione could be made without difficulty in view of the established 

splitting constants in the unsubstituted system. 
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Fiffur* 40. Fine dcrivaeivt CSR •pceerin of •ytt'7-eyanobieyelo(4.1.0l 
h#p(-3-#n#-2, }-dion# radical anion, 40 * 
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0.75 G 

1.65 G H 1.4 G 

5.5 G [1 T 

" i l  * *  
H 3.U G " O 2.45 G 

40? 

Prolonstd réduction et higher potentiels led to no sigidficent change 

in the ESR specttun, except for diminishing signel intensity, due possibly 

to depletion of the etertlng qulnone. Ceeeetlon of electrolyeie end 

introduction of oxygnn followed by continued reduction, once egmln 

resulted only In the epectrua for the eyn eemldlone. No elgnel could be 

observed In the ebeence of continued electrolysis. 

Reectlon of dlone 40 with potesslm terc-buto%lde In DHSO 

resulted In a poorly resolved signal due to the syn Isomer. The spectrum 

remained unchanged over the period of thirty minutes that the signal 

could be observed. At no time during the chemical or electrolytic 

reduction of 40 uas there any evidence for a long lived paramagnetic 

specie# other than the hlcyclic syn sealdlone 40'*. 

Electrolytic reduction of <nitl-7-eyanoblcyclot4,l,0]hept->ene-

2,5-dlone 41, In BMP solution at a Pt electrode with TBAP as 
u 

supporting electrolyte gave rise to an excellent ESR spectrum (a • 

4.6 C [ 2  W'sl, a® - 2.4 C 12 tt'sj, a" - 0.65 C H H|, a* » 

0.2 G [I Nj, figure 41>. Hyperflne splitting constants in this species 

were found to be consistent with the unrearranged antl semldlone, 

4r% 
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Figura 41, Firtc darlvaeiv* CSR •paecruB of anel-7-eyafiobleyelo 
(4.1.0)hapt-3-aiia-2,5-diona radical anion, 4l'* 
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0.65 G 

4.6 G 

41"' 

It» «ignal du* eo 41'* ttoaincd unchanged upon prolonged 

réduction, bue di##pp#mr#d ionadiacoly upon eetiaeion of «lacerolytia. 

Recharging the aolution produced eh# previoualy obaerved aiMcenn for the 

anei iaomer. Chemical reduction of 41 with potaaaiu* tert-

butoxide in MSO reaulted in a weak and fleeting aignal which could 

not be recorded in ita entirety. The behavior of dione 41 upon 

reduction ia thua in keeping with the propertiea of the ayn aenidione 

40~*t which ahowed no perceptible propenaity for rearrangement. 

The long range nitrogen hyperfine coupling obaerved in 41'* 

ia remarkable aince the aingly occupied molecular orbitala in aemidionea 

derived from bieyelol4«l.0lbept*3-ene-2«S-diones are anti symmetric with 

reapect to the plane biaecting the cyclopropyl ring. The oppoaite signs 

of the coefficienta at C-2 and C-5 in preventa a 

homohyperconjugative interaction delocalising unpaired apin into the 

cyclopropyl metlqrlene poaition, becaiwe auch an interaction takes the 

u 2 
form a • QCcg * Cg) . The obaervation of nitrogen 

I^Fperfine from the T-poaition in 41 ' thus requires a spin 

polarisation mechanism to introduce unpaired spin from the pi system into 

the Sigma framework. This mechanism allows transmittal of spin density 

R 2 2 
to the 7-position, as the interaction assumes the form a • QCCg * ). 
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A CN 

Bltetrolyele réduction of tyii-7-eyanotMehylbleyelo(4.1.01h«pe-3-

5-diom 42 ac a Hg pool in mso foluclon vich TBAP aa 

supporting elactrolyt# rosultsd in cho ESR spaetrun of Figura 42 (a^ 

- 5.1 6 (2 B'sl, a" - 2.6 C (2 H's], a" • 0.85 G [3 K'#]). 

CM, 0.85 G 

5.1 G 
2.6 G 

The signal due to the imrearranged senidione underwent loss of resolution 

upon extensive reduction, but the spectrum showed m evidence for the 

appearance of a second species. A weak and unresolved signal persisted 

for several minutes after cessation of electrolysis. 

Electrolytic reduction of anti-7-carbometho%ybicycio[4.l.Olhept-

3-ene-2,5-dione, 43 at a Pt electrode in WF solution with as 

II 
supporting electrolyte gave rise to the ESR .spectrum of Figure 43 (a 

• 5.25 G U B'sl, a** • 2.4 C 12 H's], a" - 0.75 G [l H]). 
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Figur* 42. Firtc dtrivstlva ESR #p#ccrum of syn-T-cyanonothylbicyclo 
(4.1.0)iHipc3-«nc-2,5-dioM radical anion, 42 * 
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H 
5.25 G 

H 

0.75 G 

^COjCH; 

^ ̂  2.4 G 

's 

43" 

Th# •ignal du# to eh# gmidion* 43"* wakened upon prolonged 

reduction, and diaappeared upon ceaaation of electrolyaia. No evidence 

for rearranged parnagnetie products could be foimd. 

Thua» in contraat to the obeerved behavior of reduced aynr and 

anti-#ethyl dérivâtivea 37**" and 36^, close examination 

of CSR apectra reveal w detectable iaonerisation upon chemical or 

electrolytic reduction of dionea 44H43. 

Poaaible cause for the abaence of rearranged paramagnetic species 

may be found in the reduced lifetime of the bicyclic aemidione, once 

formed. Rapid decay (to dinagnetic producta) of the radical anion would 

preclude valence iaomerisation, or finrther reduction to the dianion atage 

poaaibly requisite for rearrangsment. An obaervacion in aupport of this 

hypothesis is that no stable paramagnetic species could be detected in 

the absence of continuous reduction. Alternatively, rapid destruction to 

non-radical products of the ring opened cycloheptatriene radical ion or 

dianion would prevent reclosure to the isomeric species. A third 

rationalisation invokes unusual stability of the cyclopropyl moiety co 

ring opening in the semidione or dianion. That the resistance to valence 

isomeriaation is conferred upon Iqr the presence of electronegative 

eubstituents at the 7-position is viewed as unlikely in light of the 
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figur« 43. First dsrlvaciv* ESR spectrum of •ntl-7-carboB«thoxyblcyclo 
(4.1.0)h#pt-3-#n#-2, )-diom# radical anion» 43 * 
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rapid equilibrium observed in etM (bis)-£rinethylsiloxy deriveeive 44a, 

[76] end in view of the long eeeabiehed face ehat an equilibrium favoring 

Che norcaradiene ecrueeure requires che presence of cwo 

eleccronrwichdrawing subseicuenes ae che 7-posicion [78-80]. 

C. Conclusion 

E8R specera of paraaagneele species produced upon reduction of 

diones 40-43 have been recorded. Hyperfine coupling constants in 

these radical anions are consistent with a bicyclic structure in a 

norcaradiene/cycioheptatriene ratio of greater than ten. The ESR 

spectrum of anti-7-cyano derivative 41"* showed hyperfine 

14 
coupling of the unpaired electron to the M nucleus, this 

unexpected interaction has been ascribed to a spin polarization mechanism 

of spin propagation from the pi system to the sigma framework. 

Close examination of the ESR spectra revealed no rearrangement 

products in the reduction of 4(h43. This observation is consistent 

with rapid destruction of the radical ions» once formed. 

R • SlWe 
3 

44a 44b 
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III. BULLVAIENB SEMIDIOKE 

A. Inetodueelon 

Dynamic valant# iaomariam in t\m chtottcically inttraaeing 

(CR)jq hydrocarbon, tricyclo[3.3.2.0^*^)daca-3,6,9-tciane [8l] 

(comonly known aa "bullvalana") haa baan aaeabliahad by N.M.R. 

apaceroacopy and ia uall-doeumantad (82,83). That aueh fluxional 

bahavior may be preaent and detecteble by ESR spectroscopy in 

paramagnetic analoguee prompted extenaive efforta to generate the spin 

label 45* . 

4)-

Reaction of ketone 46 with potassium tert-butoxide in DMSO in 

the presence of limited quantities of molecular oxygen gave rise to an 

ESR signal due possibly to the rearranged semidione 47** (72). 
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Treatment of the iaomerie ketone 48 with baaie OMSO in the pretence 

of trace anounta of oxygen reaulted in the correaponding aeaidione 

49"' 1721. 

a" • 2.95 C [2 H'a], 

1.30 C [2 H's], 

0.33 G [2 H'#] 

Ko evidence for intereonveraion between 47'* and 49'* 

could b# found. However, further expoaure of either 47 " or 

49'* to molecular oxygen led to the aam# aemiquinona 

so'*, which upon continued contact with oxygen underwent further 

oxidation to the atahle dianion radical SI**. 

trace 

A necbaniss coneietent with all the experimental data, and one involving 

molecular rearrangement of the free diones was thus proposed [72]; 
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o-

o-

B. Results and Discussion 

Attmpts to generate bullvalene smidione from 46 or the 

corresponding ci~acetoxy ketone failed due to the predominance of 

coapeting rearrangement# [84], Successful generation of 45"* 

thus appeared contingent upon the availability of a specific precursor 

requiring less stringent conditions for reduction. Access to such a 
2 a 

precursor, tricyclo[3,3.2,0 * ]deca-6,9-diene-3,4,-dione 

"Bullvalenedione" 45, a fltational molecule on the KKR time scale 

(with * 12 Kcal mol"^, Wg A = 10.8 for the degenerate 

Cope rearrangement calculated between 260-400 K) was made possible via a 
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novel phoeochanical eransformatlon of the fused honotropilidene 52 

(851. 

Electrolytic reduction of bullvalenedlone 32 at a H* pool with 

TBAP as supporting electrolyte in RSO resulted in a well-resolved 

splitting a^^ • 0,03 C {1 H], Figure 44). No signal could be 

observed in the absence of electrolysis. Although the hyperfine coupling 

constants in the spectrun of Figure 44 could not be assigned with 

certainty, the multiplicity and magnitude of the splittings are strongly 

indicative of the unrearranged bullvalene semidione structure 

4S • Consideration of the hyperfine splitting constants reveals 

the radical anion as a frosen, mn-interconverting species at 298 K, 

Efforts to promote and detect fluxional behavior in the semidione by 

observation at elevated temperatures failed due to rapid decay of the ESR 

signal above 330 K. 

32 

spectrum (a^" - 0.63 6 [2 H'sl. e^" • 0.36 G (2 N's), 

H 
aJ " 0.08 G II Hi, and occaaionally an additional doublet 

330 K 
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1.0 Causa 

Figure 44. First derivative ESR spectrin of Bullvalene seaidione, 
45 
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Rcaeeion of dlon# 45 with potassium tart-butoxid# in OHSO 

gav# no obaarvabl# signal* Howavar, upon addition of oxygan* a weak 

aignal dua to tb# •aniquinon# 51 ' appaarad. A poaaibla pathway 

for th# formation of 51* ia givan b#low* 

Unauceoaaful proviow attampt# eo g#n#rae# 45** thus appaar 

•xplleabtl# in term# of th# poor atabiXity of dion# 45 in baaie nodia* 

El#ctrolytie reduceion of bullvalenedion# r#«ulced in an ESft 

apeeerwa du# to a apecie# believed to be the unrearranged Wlvalen# 

sesidione 45'** Inspection of the hyperfine coupling eonatante 

obtained at 298 K revealed a non-fluxioRal radical ion, with no 

indication of change in the esaential feature# of the epectrum at the 

highest attainable c^perature of 3% K. This result clearly establishes 

U 

C* Conclusion 
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êxt upper liait of < 10^ s«e'^ ac 330 K for eh« rate constant 

of the degenerate Cope reerrangement in bullvalene semidione, 
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IV. CONCLUSION TO PART 111 

Th« inv«tcigaeiont d#«cFib#d In Pare IXI of chit diaaartacion vara 

undartakan with tha intention of further expanding the number of knotm 

exaaplaa of paramagnetic analoguea to the norcaradiane-cyeloheptatriene 

aquilibriun. Radical iona generated from the bicyclie dionet 40-43 

failed to aerve aa auch analoguea, poaaibly due to limited atability of 

the paramagnetic ion#, once formed. The primary objective# of thi# atudy 

thu# remain largely unrealimed. 

Hyperfine coupling constants in bullvalane sanidione indicate a 

non-fluxlonal ion at 330 K. Degenerate valance iaomeriaation in t*m 

semidione is thus slow on the ESR time scale at modeat tcRperaturas, a 

conclusion consistent with the properties of the parent dione (assuming a 

similar propensity for rearrangement in dione and semidione) for which a 

rate constant of 2,93 x 10^ sec for the degenerate Cope 

rearrangment was calculated at 330 K, 
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EXPERIMENTAL 

RMgtnet 

Dlaaehyl aulfoxlda (DMSO) wm# dittilltd fr<Mi CmHg #t reduced 

pretcurt end ecored over molecular eievea. N,N-DimethyIformamide (%(F) 

vaa diaeilled from CaHg* Acetoolerlle (CH^CN) was diaeillad from 

PgO^. PoeaaaluQ eert-bucoxlde. U*2»2)-erypcand and poeaaalua 

iodide were obtained commercially and uaed directly without further 

purification* 

Preparation of Senidionea and Senlquinones 

Fuaed ailica flat celle with inverted U-type mixing chambers were 

wed for the feneration of radical anions under stetic conditions by 

methods previously described (86). 

Electrolytic reductions were carried out in fused silica flat cells 

with a platinum anode and a mercury pool extending into the cell window 

es the cathode. Occasionally, a platinum spoon was em^oyed as the 

cethode. Deoxygenation of electrolytic solutions waa accomplished by 

nitrogen bubbling. A ReathUt L.V. Power Supply Model lP-27 was Med as 

the current source. 

Recording and Simulation of ESR Spectra 

ESR spectra were recorded using either a Varian B-3 spectrometer 

with a 4-inch magnet and 100 KHs field modulation, or a Bruker ER 

200D-SRC with a 10-inch magnet and 100 KHs field modulation, g-values 

were taken with a Systron Donner Frequency Counter Model 6245A set at 100 
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Ht r*«otution «nd which had baan calibracad eo baetar chan ona part in 

tan million. Uaad in conjunction with the fraquancy counter was an ER035 

NMS Gauasmatar with an auto-lock salf-tracking proton NHR fiald naaauring 

davica providing diract 7-digit raadout. Prior to aach g-valua 

datarmination, tha gauasmatar was calibrated for tha diffaranca in 

absolute fiald batwaan tha sample and the probehead, Perylene radical 

cation with g " 2.002369 (87,88) was used as a standard, and 

characteristic shifts ranged between 30-100 nC. NHR lock was maintained 

during the course of a single experiment to ensure a constant corrsction 

factor. Simulation of CSR spectra was executed on an Aapect 2(H)0 

computer with an EPRSC.015 software package. 

Characterisation of Compounds 

NHR spectra were recorded on either a Varian EM 360(A,L) or a 

Hitachi Ferkift-Elmer R-20B Spectrometer. Infrared siwctra were recorded 

on a Beckman Acculab 2 Double Beam Spectrometer. Mass spectra were 

recorded on an AE^-M8-902 Spectrometer. 

Preparation of Compounds 

1.4.5.8-Maphthalanatatrona. 22 

This empouRd was synthesized according to the procedure of S. 

Yoshinoet jd. [571% ^ NHR (d^-OHSO) 6 6.9 (S). 

Haphehasarln. 21 

This eompoimd was synthesized according to the method of Fieser 

(89). 
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1',2*-Bi#(2.5-b#n%oquinooyl)#ch#ne. 18 

This eonpotmd was prapsrtd by eh« method of Wegncr et el. 

[581* IR (CDCI3) 1660 ca"^. 

2.3.7.8-tetremethyl-l.4.6.9~Thienthrenetetrone. 19 

This compound «es synthesited using the procedure of Fickentseher 

(391* * ÎWR (j^-DMSO) 6 2.1 (S); IR (nugol) 1645 cn"^. 

1.4-(5'-Nvdro%v-6'•ketodecemethvlene)-beniene. 25e 

This compound wee prepared by the method of Cram and Daeniker (90)* 

'r NHR (CSCI3) 6 7.0 (S,4), 0.8-3.0 (broad m,18) ppm; IR (neat) 

1720, 3400-3500 cm"*. 

1.4-(3*.3'.8'.8*'-Tetramethyl«5'-hydroxy-6'-ketodecamethylene)-lwngene. 

25e 

This compound was synthesized by the method of Blomquist and Jaffe 

(91)% h NHR (CDClj) 6 7.1 (S), 2.6-2.8 (m), 1.0-1.7 (m) ppm; IR 

(neat) 1710, 3300-3600 cm"*. 

Itedecanoyl dichloride 

A mixture of 50.0 g (0.22 mol) of dodecanedioic acid (Aldrich) and 

119 g (0.59 mol) of thionyl chloride was stirred at 60^C for 8 h. 

The mixture was then rapidly distilled using a short path distillation 

apparatus (170̂ C, 0.1 m) to yield pure diacid dichloride; Hi 
HMR (CDClg) 5 2.8 (t,4), 1.0-2.0 (broad m, 16) ppm; IR (neat) 1800 
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2.2' Dodccanoyldlcyclohexanong 

To a solution of 31.S g (0.18 mol) of l-morpholino-l-cyclohoxene 

(Aldrich) and 19.0 g (0.19 mol) fraahly diaeillad criathylaaina in 100 ml 

dry chloroform waa addad 25.0 g (0.09 mol) dodacanoyldiehlorida in 40 ml 

dry chloroform. Tha mixcura waa aeirrad for 3 h, and than hydrolyaad 

with 100 ml 25% hydrochloric acid by haating to raflwx for 5 h. Tha 

mixtura waa than coolad to 25^C, tha chloroform layar aaparatad and 

axtractad with two SO ml portiona of watar. Tha waahinga and tha aquaoua 

phaat wara combinad, adjuatad to a pR of 5-6 with 25% aodiun hydroxide 

solution, and extracted with two SO ml ^rtiona of chloroform. The 

chloroform layera ware combined, dried with aodium aulphate, and removed 

at reduced preaaura, leaving an oil* HKR (CDCl^) 6 1.0-2.5 

(broad m); IR (neat) 1580-1620 cmT*. 

Diaodium 7.18-diketotetracoaanadioate 

Forty-two g (0.12 mol) of 2,2'-dec@noyldicyelohaxanona in 100 

methanol waa added to a aolution of 30 g aodium hydroxide in 4CK) ml of 

ethanol. The mixture waa then heated to reflux for 1 h, cooled to 

Z5^C, and the off-white cryatala collected on a BQchner funnel, 

after waahing with cold ethanolt NMR (d^-MtSO) à 1.0-2.5 

(broad »); IR (nugol) 3000-3100, 1700 cm"^. 

Tatracoaanadloie acid 

Ten g (0.02 mol) diaodium 7,18-diketotetracosanedioate and 40 ml of 

triethanolamine were heated to 180**C until all of the salt dissolved. 

The mixture was cooled to 80^C, and 25 ml (0,45 mol) of 82% hydrazine 
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hydrac* was added through chs rsllux condenser, and the mixture heated to 

reflux for 5 h. Thirty g (0.5 mol) of potaaalun hydroxide dissolved in 

too ml trlethanolaolne at lOO^C was then sdded to the resctlon 

mixture, and the temperature maintained at 190**C for 6 h. The 

reaction mixture was cooled to lOO^C, washed out with hot water, and 

acidified to a pH between 2 and 3 with 12 N hydrochloric acid. The 

mixture was cooled to 25°C, and the precipitated tetracosanedlolc 

acid collected on a BUchner funnel and subsequently dried under 

vacuum IR (nugol) 2900-3000, 1710 cm ̂  

Tetracoaanadlole acid, dlmethvlester 

TWO g (5.0 mol) tetracosanedlolc acid, 5 drops concentrsted 

sulphuric acid and SO ml methanol were heated to reflux for 12 h. The 

reaction mixture was cooled and Introduced into a beaker containing SO g 

ice. The aqueous layer was extracted with three 50 ml portions of ether 

which was dried with sodium sulphate and evaporated under reduced 

pressure to yield the diester. Recrystalllsation twice from hexane gave 

pure diester; Hi NMR. (COCl^) 6 3.5 (s, 3), 5 1.0-2.3 (broad m, 
22) ppm; 1» iCDCl^} 1730 cm"L 

l-Bydroxy-2-ketocyclotetracosane 

Acyloin condensation of the diester was carried out according to the 

procedure of AUlnger [92), One g (2.5 mmol) tetracosanedlolc acid, 

dimethyl ester in 100 ml dry i^lene was added dropwlse over a 24-hour 

period to a 1.0 g (0.034 mol) sodium dispersion in ISO ml xylene. The 

mixture was cooled to O^^C, and 10 ml glacial acetic acid in 30 ml 
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xyl«n« was added dropwisa. The xylene layer was separaced, washed with 

two 30 ml portions of water, dried wieh sodium sulphate and distilled at 

reduced pressure leaving a yellow oil: IR (neat) 1710, 3430 cm"L 

1.4-(8'-Hydroxy-9'-ketohexadeeamethylene)-ben%ene. 2Sb 

This compound was made by a method similar to that for 29at ' IR 

(neat) 3500, 1715 cm"*. 

K4-(12'Hydroxvl3'-ketotetracosanemethvlene)«beniene. 25d 

This compound was made by a method similar to that for 2Sai IR 

(neat) 3500, 1715 cm"*. 

Structure Proof for Acyloins Employed to Generate Semidlones 

Acyloim# 24, 25b, and 5 were used as crude material# while 25a and 

25# were Kugelrobr distilled. The observed ESR epectra are taken a# 

proof that the decired aeyloin had been formed* Table II describe# the 

phyeical propertie# of the purified precureor# (dieeter#) end thoee 

propertie# of the acyloin# which were measured. In all case#, m 

indicated the presence of the carbonyl and hydroxy function# in the 

acyloin. 
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System System No. D lester 

- (CH,).- 24 recrystallised twice from hexane 

and once from methanol * mf 73.S-

7A.5®C (lit. 1931 74.5 74.8"c; 

IR, NNR reported in text. 

(CH<) ~ 25a bp 160-16S*C (0.06 mm) (lit. (90j 

bp I82-184"C (0.4 mm)h IK 1740 

cm"*; NHR (COCl^) 6 7.1 (s,4] 

3.6 (s, 6), 1.2-2.8 (m. 16). 

25# 

(CH,) C(CH,)CH,-

) 

bp 160-166*C (O.OS mm) (lit. 

(911 bp 167 177*C (0.08 mm)(; It 

(neat) 1745 cm"*; *H NNR (COCl^) 

6 7.1 (s, 4), 3.65 (s, 6), 1.4-

2,9 (m, 12), 1.1 (s, 12); mass 

spectrum, m/e for M « 362.24502; 

calculated for 362.24572 

Acyloin (1 yield) 

60%, yellow oils 

*U HHR (COClj) 6 1.3 (s); 

IR reported in text. 

501, waxy solid, 

bp 130-136*0 (0.06 mm) (lit. (90| 

bp 158-161"C (0.4 mm)!; IR (neat) 

1720 , 3400-3500 cm'*; *11 NHR (CDCl̂ ) 

6 7.0 (s, 4), 0.8-3.0 (m, 18). 

20%, yellow oil; 

bp 130-133*C (0.05 mm) (lit. (91( 

bp 149*C (2 mm)|; material purified by 

column chromatography with ethyl acetate-

hexane (1:1) eluant; *11 NtfR (CUCl^) 6 

7.1 (s), 2.6-2.8 (m), 10.0-1.7 (m); 

mass spectrum, m/e for 302.22398; 

calculated for 302.22459. 
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purified by column ehromafosraphy 

using cclier*lieicane C1>1) as eluancj 

mp 30-JI*C» IR 1130 cn'^j 'M NNR 

(CDCl^) 6 7.0 (s, 4), 3.6 (s, 6), 

1.0-2.8 (n, 28); NNR (COCl^) 

6 25.58, 29.38 (3C). 31.85, 34.56, 

36.03, 51.66, 128.68, 140.38, 174.36 

purified by colimn chronacc^raiAy 

using ethyl acetate-hexane (1*1) 

as eluant and recrystallised fro# 

methanol) mp 65 67"C; IK (COCI^) 

1740 cm"*; HNS (COCl^) 6 7.0 

(s, 4), 3.5 (s, 6), 1.0-2.8 Cm, 44). 

101, yellow oil; 

*U NNR (COClj) 6 6.9 (s, 4), 

1.0-3.0 (m, 30); IR (neat) 3500, 

1715 cm'*. 

30%, yellow gtM; 

*U NNR (COClj) 6 7.1 (m), 1.0-

2.5 (m); IR (neat) 3500, 1715 
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Yield inforoeeion for Interaediates in the eynthesis of 24. 

Oodeeanedioyl diehloride, 48 g, 83% yield. 

2,2' Oodecanadioyldieyelohexanone, 36 g, 85% yield (run twice). 

Diiodlua 7,18'diketotetraeoaanedioaee, 33 g, 36% yield. 

Tecracotanedioie acid, 4 g, 30% yield. 

Tecraeoaanedioie acid, dinethylescer, 1.8 g, 84% yield. 

Additional information for compound# 21, 22, 23c, and 18. 

1,4,5,8-Naphthalenetetron#, 22. 

Recryatalliiad from benaene; np 222-224*0 (lit. {57] mp 224-227^0). 

1',1'-bia(2,5-bensoqttlttoyl)ethanet 18. 

Purified by aublimation at 150*C (0.1 mm)s mp 192.5-193*0 (lit. (581 

mp 194*01. 

Kaphthaaarin, 21. 

Sublimed at 170*0 (0.03 mm); mp 208-213*0 (lit. (951 192-193*0; 

NHR (CDOI3) 6 7.1 (%, 4), 12.4 (a, 2). 

The tyntheaia of compouml 29c ia outlioW in reference 96. 
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Txiptyeene tria(quinone), 7 

Biatriptycane Ma(quinone)» 8 

I2.2]Metaeyelophanequinon«» 12 

{2*2lMetaeyclophanaqulnhydrone, 14 

l2.2]Hetaeyelophanebialqrdroqulnone, 15 
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9,lO-Dihydro-9,10(1',2'I-ben%eno-4a,9a-

(2]but anoanehracana-1,4,17,20-tat rona, 

16 Or. K, Kanamatau 

1,4-Dlhydro-4a,8a-(2]butano-1,4-mathano-

naphthalana-5,8,9,12-tatrona, 17 Dr. K. Kanamatau 
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