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MOLECULAR DiWGN OF A SYSTEM WITH DOUBLY CORRELATED 
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Abuhct-Torsional motions around the two C-C and C--O bonds in di(9-triptyoyl)methaneq Tp,CH,, 
and di(9-triptycyl) ethers, TprO, mspeetively. have a high barrier to uncorrelated rotation and a very low 
barrier to coupled ‘diuotation. As a rest& new stereoisomerism isgeneratedduetodiffeRmtphase 
rdatioIuhipebetwacnappraprjrtdylabdcd~~atleaJtonaon~Tpunlt.Toatendthe~napt 
and further demonstrate tk high oorrelation in the tonional motions for theee systems, a doubly geared 
molecule. 9,lO-bis(3-ddorotriptyoy1oxy)triptycene (l), was conceived and constructed. Bis(3-chloro- 
Ptriptycyl) 9,1Wriptycenebis(peroxycarboxylate)‘was prepared. The meso and a!l isomers of 1 were separ- 
ated by HPLC on miuosilica. The struotm~ were continned by high resolution “C-NMR speotra which 
revealed an interesting stereochemical feature: one benxene ring of the middle unsubstituted triptycene 
moiety is diastereotopic to the other two. The rates of isomerimtion were measured in diphenyhnethane 
solution to give the activation parameters for the gear slipping process: M* = 42.1 f 1.3 kcal mol-’ and 
AS* = - 3.2 f 23 cu. The signihoance of these findings as an extreme case for the dynamics of molecular 
chains is d&ussed. 

Background and purpose 
Whereas torsional degrees of freedom are often 
hindered by non-bonded interactio,ns between the 
rotors in overcrowded mole&&$ sometimes tor&ional 
motions in some congested molecules are not as much 
hindered as one might expect. Correlated internal 
rotation is the concept introduced in dynamic 
stereochemistry to account for these phenomena.’ 
When two or more torsional motions take place in 
concert the barrier can become lower than those for the 
independent rotations. The di(9-triptycyl)methane, 
T~rCf-fr,~~ and di(9-triptycyl) ether, Tp,O, are bevel 
gear-shaped molecules2 which provide dramatic 
examples in which potential energy barriers to rotation 
around the two C+Z and the two C-O bonds (for 
methane and for ether, respectively) differ conslderahly 
between uncorrelated and correlated torsional 
motions. Thus, the disrotatorily coupled intemal 
rotation is predicted to show a barrier no higher than 1 
kcal mol- 1 by empirical force field calculation.“*3J An 
indirect kinetic study by means ofexciplex fluorescence 
dynamics gives a value for this barrier of 4.24.8 kcal 
mol-’ in ether.2’*2j The barrier to the uncorrelated 
process is measured from the rate of the gear-slipping 
process as 32-33 kcal mol- ’ for the methanes and 42- 
43 kcal mol-i for the etherszV3 These high barriers to 
uncorrelated rotation and very low barriers to coupled 
disrotation give rise to new stereoisomerism due to a 
different phase relationship of the appropriately labeled 
benzene rings, at least one on each triptycene unit. In 
the simplest case when only two benxene rings are 
labeled, one on oaoh Tp group, a phase relationaltip is 
establi&odbetweenthelabeledbenxene~This 
relationsltip is kept constant irreslzective of the rate of 
the coupled rotation. There are two such p&e 
relations in Tp,CH, and TpaO (Fig. 1). In one lab&g 
pattern, the labeled benzene rings “bite” each other 
during the course of the geared rotation circuit and the 
conformers produced are all chical In the other, the 
labeled r&@ never come next to one another and the 

conformers either have a symmetry plane or consist of 
an enantiomeric pair. These two dilferent labeling 
patterns show as two d&rent chemical entities: two 
distinct stereoisomers are produced Such stereoisom- 
erism pertaining to the torsional degree of freedom is 
unique in that it is independent of the rate of internal 
rotation. As long as the two torsional motions are 
coupled, rotation may take place very rapidly. In one 
example of a di(Ptriptycy1) ether,v the rate constant 
isestimatedas9.0 x IO’s_‘at 10”. 

With this background in mind, we became interested 
in 6nding out if the phase relationship between the 
labels can be detected even when the two “wheels” are 
separated further. Aa an extension of our earlier work, 
we introduced an additional triptycene framework 
between the two wheels to generate a doubly connected 
bevel gear system More specilically, 9,1@(9- 
triptycyloxy)triptycedte (1) in which only the outer two 
Tp units are labeled hecame the target, both for our 
synthetic work and for the separation of the 
diastereomers. 

Synthesis and segn~ation of phase isomers 
Historically, the triptycene skeleton was con&ru&ed 

for the first time by +emical mod&&on of the 2- 
cyclohexene-l&dionring into a benmne ring in the 
D&-Alder adduct of an&acute with p 
benxoquinone.* Since its a&eat, nearjy all triptycene 
derivatives have beep made by addition of benxyne to 
anthracene3.5 Di- and poly(9-triptycyl)dvatives are 
not exocptM118. Two choices were open to us: 
to construct the correuponding di- and .polyanthra- 
cenea6rs&andtbenproceedwiththelM?FA&r 
tion, or to connect triptycene uuita already prepEZ. 
9,9’-Bitriptycyl, TP,,~ di(saipcml)~~. 
CTP~KI-J~~*~ and ~~WriRtYoYWharm, 
(TpCH&,’ are examples prepared by th.6mt method. 
WhentheaXreapondinganthracunlaaredif6culttc 
make, the alternative method of commcting the two 
triptycyl units has to be employed. Di(9- 
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Fig. 1. Conformational gearing circuits for the dl and meso bomeru of the labeled Tp,X (X = CH2, 0, etc.). 

triptycyl)mercury, Tp,Hg,* and di(94riptycyl)silanes, 
Tp,SiH,,U are prepared byckchophilic reaction at the 
-head of 94fiptycylMium with mercury(II) 
chloride &d chlo~~silanea, r@ectively. 

3t proved impossible twget,any reasonable amount of 
di(9-anthryl) ether according to the method described 
in .tbe literature. 9 This eliminated the first approach. 
Coupling route% to the di(Ptriptycyf) ether, Tp,O, are 
subject to &other difliculty. Since the 94riptycyl 
carbonium ion is very un#tabk, nuckophilic substi- 
tution ai the bridgehead is not feasibk.‘O Fortunately, 
the 94riptycyl radicals art not so unstable,’ * although 
they are avid hydrogdn absttactors. There are‘some free 
radicalsubstitution reactionskfiown in thelittrature.12 
Ttkrefore, recoti was made to the cage recombi- 
nation reaction of the 94riptyjW~loxy radical 
pair. For this purpose our thermolysis of 94riptycyl9- 
triptyoeneperoxycarboxylate,TpCOJTp, was adopted 
(Scheme 1).2’ 

Of the three possible diperoxyesterq 

Tp-COO,-Tp’-O,COTp, 

Tp--COO,-Tp’-COO,Tp 

and 

we chose the latter combination 6a as tbe intermediate 
for the doubly geared diether 1. A preliminary 
experiment with the unsubstituted diether la’ proved 
satisfactory. For&e labeled compound 1 (Scheme l), a 
diethyl ether solution of the lithium salt of 34Mo~+9- 
hydroperoxytripty prepared by the reaction of 
9-bromo-3-&.loro$ri&$zcne (3))” with butyllitbium 
followed by reactioswith oxygen in ether at - 78”. The 
solution was aWwcd to react with triptycene-9,10- 
dicarbonyldichlorick (5) to give the bisperoxyeater (a), 
m.p. 1lWlW (dec:) 4n loo/, yield Thermal de- 
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composition in perfluorodecalin at 150” gave diether 1 
in 32% yield as a white powder.7 

The product was subjected to HPLC on m@rosilica 
with elution by 4% %H,Cl, in n-hexane. A typical 
chromatogram shows (Fig. 2) that the 6rst fraction was 

t Some comments on this procedure arc appropriate. 
Organolithium compounds arc known to give the lithium 
hydropcroxide according to Q. (1). Since the latter can stiIl 
react with an organolithium compound (Es. (2)) 

RLi+O,b RO,Li (1) 

RO& + RLi -+ 2ROLi (2) 

werccommendthercvcrseadditionofthesuspcnsionofRLi to 
ether saturated with dry O2 in order to avoid a high stationary 
concuntration qf .I& @ium reagcpt. Forma@on of the 
alko- au&ding to IQ. (2) could not be funy exduded. 
EItiwever, the reactivity of the hydropcrdxide was de&My 
hi&r W that -0t ihc alkoxirle tokrarda &a acyl &lorid& at 
k&‘aa far J &Mriptycyla we& wncerned,‘tid thcr&rl the 
pabxyriauta C’Nqjol at 30”. “-Di(%tr&qI) efle, Tp@, 
piacsdents Par the fommtim of ether @uc& from the 
daJomp0sition of tha corrqonding mxy tatar~‘Thc 
highe@t yi@j& t0,ql.r .knowlai& had been 75% for gBe 
fWnati&pf t-lwyl methyl ethw by the photolysin af t-butyl 
paro~tc in Nqiol Bt 30”. ” Di(9-triptycyl) ctkr, Tp,O, 
wss o@ine&-shiiost irl quaamativc yidd w-hen the 
decompo+ioq of the geroxyeatn wan awied out to 
patbmk+?t 1uP. C3cncrationofthebulkyPhi+tycyl 
and%~radiadsflaatofacc~~otbicrh 
coliAlcwdtobooeaortht rcaaons for the 
m won. 

erraessoftheagc 

Z 
6 (Z=CI) 
GalZ=Hl 

1 1 Z.ClJ 

lal Z=Hl 

thb statistically more abundant dl isomer and the 
second, more polar, fraction was the less abundant meso 
isomer. The isomers of the corresponding monoether, 
bis(3chloro9-triptycyl) ether 2, showed the’opposite 
chromatogtap~bahavior ;the~~‘~eselutsd 
‘IIrstundersimihuconditions.“TheMt?ctivep&ritydf 
the mvti vs dllomenl InuM tic t-eve!&! on going from 
themomxthers2~tothe~ers 1.llli!W&beronghly 
undentood by&siderihgtheavera&Pn$esbttwCtn 
thetwoC-Clbonddipoks’intbetwo&ireric 
molecules. In monoethsr 2, the’ chloro-sub&uted 
berme&‘*gs never aSine next to each ‘otber:m the 
cotlformationalgearing&uit oft.henusuisijlhet(Pi& 
1)‘and therefore the two C-Cl bonds are on awn&k in 
oppoditedircctibqthWducingtheeffecti~*pofaiity 
of the oompound relativetothe &oempound. #itthe 
meso isomer of the diether, two terminal triptycene 
units can rotate with the, two chloro-substituted 
benzene rings in phase. Thesetwo benzene rings can get 
into the same notch of the&ilk triptycene wheel only 
in the case of the meso isomer. Therefore the two C-Cl 
bond dipoles tend to be oriented in the same direction, 
which makes this rneso isomer more polar than its dl 
isomer. 

I 
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F& 3.100.40 MHz 15C-NMR spectra of the meso and dl isomers in CD& (the aromatic regions only). 

Stereochemical properties of the iymers 
‘“C-NMR spectra obtained at 100.40 MHz were 

instrumentai in verifying.the structural assignment 
(Fig. 3). The unsubstitu@d diether la showed six 
tertiary and three quaternary aromatic carbon signals, 
danoaotratingthcp~ofonlyoneLindofbenzcsle 
ring each for the inner and outer triptycene units. This 
observation also co&m&l the rapidity of internal 
rotation around the C-O bonds in these molecules on 
the NMR time scale. If the structure had been frozen in 
a manner like that found in the crystals of TpxO,” 
namely in the C., conformation for each bevel gear, there 
would be four conformations A, B, C and D possible. 

A A 

therefore should be assigned to the more highly 
symmetric meso isomer. We had naively thought that 
the three bcnxene rings in the middle triptycenc unit 
would In-equivalent. Accordingly, the quatemary 
benzene ring carbons attached to the bridgehead 
carbons should have appeared as a quintet in 
6 : 4: 4: 2 : 2 intensity ratios. The spectrum obtained 
under high resolution showed six lines in 4 : 4 : 4 : 2 : 2 : 2 
ratios instead Comparison with the 13C-NMR 
spectra ofisomeric monoethers 2 and of unsubstituted 
diether la revealed that the signal corresponding to the 
apparently equivalent six quaternary ring carbons of 
the middle triptycene moiety was now split into a 4: 2 

I, 
_.-’ =_* s 

A 

They could have given 6(2:2:2:1:1:1), 4(4:2:2:1), 
9(1:1:1:1:1:1:1:1:1) and 4(4:2:2:1) kinds of 
benzene rings in &rent environments, respectively. 
Only two kinds of bentene rings in a 6: 3 ratio were 
observed. 

The second HPLC fraction, m.p. 505”, gave a simpler 
13C-NMR spectrum than the first fraction and 

7111 1, conformation of the molecular skeleton is not 
neaxsarily fixed as shown in A, but additional comformers E 
Dare alsoconceivable. Non-equivalence of the unsubstituted 
benzencrinksinthemiddktripty~cunitwillbemorcrcadily 
understood if the molecules are assumed to have the 
comfonnation frozen as in D. 

doublet at d 144.49 and 144.54 (or 144.59). Since the 
molecular framework of the diether is flexible and 
because the torsional motions are perfectly correlated 
the mfrso isomer belongs effectively to the Cz. point 
group with the C1 axis lying in the plane of one benxcne 
ring (a) and passing through the center of the middle 
triptycene unit (Fig. 4(a)).? Therefore, the other two 

bcxmne rings (b and c) are equivalent, while ring a is 
unique in that it never comes next to the labeledrings of 
the outer triptycene units. Thus assignment of the meso 
isomer was cbnlirmed. 

The first HPLC fraction of 1, m.p. 509”, showing a 
more comp&ated 13C-NMR spectrum, should be the 
racemic compound. The quaternary benzenoid 
carbons attached to the bridgehead carbons are 
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A 53.71 

B or C 87.52 

CorB 89.19 
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E 123.23 

F 123.29 

GandG'l23.30, 

H 123.51 

A 53.32 

B or c 87.17 

C or B 89.49 

D 123.23 

E 123.26 

F 123.32 

G 123.51 

H 124.32 

I 124.48 

J or N 124.92 

K 124.99 

L 125.01 

M 125.61 

N or J 125.79 

0, 131.16 

P 143.12 

Q 144.49 

R or s 144.54 

s or R 144.59 

T 145.63 

U 145.77 

M or N 125.01 

N or M 125.04 

0 125.64 

PandP' 125.79 

Q 131.17 

RandR' 143.13 

t23.32 S or T 144.49 

T or S 144.52 

I andI'124.31, 124.33 UandU'orV 144.58 

J 124.47 VorUandU'144.61 

KandK'124.92, 124.94 WandW' 145.65 

L 124.97 X 145.79 

Fig4.Symmctry propatiaofthe iaomcxicdietherland 13C chemicalshiftdata 

camposed of seVen line&with the inteuity ratio of 
4:2:2:2:2:4:2. Inspect&m of molecular models 
reveals that the f&id+ triptycene unit II+ lo&d cz 
symmctrywithth~C~+xislyfnginthepla.~~eofone(a)of 
thebenzenerin~~asve.Thusringaisdiaatereotopic 
to the other two (b and c) rings. Rings b and c are 
equivalent in such a way that the upper carbons in ring 
barebquivalenttothebottomol#sin~caodoicc 
ce+sa(Fig. 4(b))_ As a resmlt, the qu&xmuy bendcnoid 
caHxxu ofthounsuh&uted tripty&te unit ahow aa a 
2 : 2:‘2tripk@reeofthiSn1rpeaksat 6 144.49,1&.52, 
144.58 irsd !4$61) in the “C-NM-R spectnrm. 

1tise&&dia;t&thighertemperahues.&Itti0nai 
motions of tl+ @hiptrcy’ molecule3 m very 
viga~~thegq*phar=looszand,asareauft,~- 
clashing.prQoras8 will interfere with gear- 
This&tusz ti show aa the interoonvexsion of the 
s&eoisome~~&&ed above. The rates of isomer& 

ation from the dl to meso isomers were measured in 
diphenylmethane solutions in the temperature range 
238-332”. Arrhenius plots of the results (Table 1) gave 
the activation energy parameters: AH*, = 42.1 f 1.3 
kealmol”,A$ = -32~&2.3e.ti,‘E, = 43.2-fl:$keal 
moIFL,’ IO& A = 12:8*0.5, and .K(+i&) = 2:05 
f0.07. v values are, within ex@t&Mal err* 
tXes+asthifort.&monoe ‘P&ce@thatthe 

% A+li&Mout twiceas ntbch in '&et&. Thksama 

g&U~~pkKZBSIIkU9tbeOper8tMllbOttll!th&& 

arkithisist&entoindicatethatthetw6~k&thcr 
llueud@!n& 

We note that the entropy of activation is not highly 
negative. Jackman et al. propoxxIzBp1 a large negative 
A?v*(-7to -2Oe.u.)maybo*~acriterion 
for~taI~Fotati~m.~*TblCSwmrtpopply 
aptly~t&diS~aIBceill~batmarthL~IllMCd 
and umwA&uI pathways is an& W&Q the 



1684 N. KOOA et al. 

uncorrelated route requires a prohibitively high 
barrier, AS* may not necessarily assume a large 
negative value. 

REWARDS 

We have been able to demonstrate that, in bis- and 
tris(9-triptycyl) derivatives, the torsional naotions take 
place in strict disrotation. Whereas “&rotatory” 
motions are the technical expression popular in orbital 
symmetrycontrolled reactions, steric effects can also be 
responsible for such motions, as our work shows. Let us 
compare these two sorts of disrotatory motions. 

As a persuasive demonstration of the strict 
conservation of orbital symmetry in electrocyclic 
reactions, the highly substituted .butadienes 7 and 8 
have been taken as examples.15 They undergo 
equilibration through intermediacy of the cyclobutene 

downfield from TMS. High resolution mass analysm were 
performed at the Analytical Center of the Institute for Basic 
Biology in Okaxaki National Research Institutes. IR spectra 
were recorded on a Hitachi 295 IR spfftromacr. Lobar 
column (Merck) equipped with a Duramat pump and an Altex 
UV detector was used for preparative column chromato- 
graphy. HPLC was performed on a Waters model ALC/GPC 
244 apparatus with p-Porasil columns. The analytical and 
preparative runs were carried out on l/4 in x 1 ft and 318 in x 
1Awlumqswithtlowratesof1and6mlmin-’.rqectively, 
andwitbelutionby4%ofCH,Cl,inn-hexane.Arecorderwas 
ceplacsd with a Shimadxu CRl-A data proceaso r for the 
kinetic analyaai. 

All chemical.9 were used as tived except for drying 
when neccasaq. Starting materials, ?’ and triptycene 9,10- 
diauboxylic acid’s were prepared according to the literature. 

mptycene-9,1O-dtc&onyl dichloride (S)18 
Compound 4 (1.0 g) and SOCl, (5 ml) were heated to rellux 

until the suspehsion became clear. Excess SOC& was removed 

9. After 51 days at 124”, each cyclobutene molecule had 
faultlessly undergone 2.6 x lo6 conrotatory openings, 
and a disrotatory mistake had yet to appear.16 In the 
present case+ of no+cinded interaction-controlled 
motions in the dichlord ethers, each gear undergoes 
disrotation 3.4 x 1Ol6 times and only one in 50,000 
wheels is computed to miss gearing at 124“ in 51 days. 
The symmetry allowed conrotatory opening of the 
cyclobutene ring is estimated to be favored by a 
minimum of 7.3 kcal mol-’ over the symmetry 
forbidden disrotatory opening mode.16 The dis- 
rotatory motion is favored by 30-40 kcal moi- ’ over 
the other modes in di(9-triptycyl) derivatives. 

Previously we reported recognition of the confor- 
mational relationship between the two CMe,CN 
substituents across the bridgeheads of a triptycene 
molecule, since torsion of the pivot bonds was fully 
restricted as in 10 to give the meso and dl isomers.” The 

present results exteqd th& rtere&cheniical notion in 
that the two substituents maj rotatu rapidly as long as 
theyare c@r+ted. 

Another coodtion from this reaeara baa@ in 
partiqlar upon the iow pot&al energy value for the 
corrclaw internal rotation, ie that cooperativity in 
tpr@onal motions can bt very:impprtant in chain 
dynamics of large and congested molecular chains. 

EXPERIMENTAL 

Generul methods. M.ps were dctemkd by di&rential 
scani&&-alorlmetry on a du Poat99OThsrmal Analyzer. ‘H- 
and ‘%-NMR spectra w&u taken on a Varian EM390 and 
JEOL GX400 @ectrometer with .the d valuaa given in ppm 

wmpletely under reduced pressure. The residue was dissolved 
in benzene and used for the synthesis of peroxyester without 
purification. 

Di(9-trip?vcy[) triptycene-9,1O&peroxycorboxykzte(60) 
To a wkl ( - 78” or below) soln of the Ii salt of t$tycer&- 

hydroperoxide prep&d aa described previously from 930 
mg (28 mmol) of 9-bromotriptyceq was added with a syrinse 
265 mg (0.7 mmol) of 5 dissolved in benzene (20 ml). After the 
addition, the cold bath was removed and stir& was 
continued overnight. Following usual aqueous workup, the 
crude product mixQre was chromatogiaphed on silica gel 
employing o-hmoron&ane (1 : 1-O : 1) as ebt. 
The bis(peroxyester) (6) was obtained as wlorlese llakes (2nd 
band, 115 m& 1YA) along with triptycme (1st band. 225 rng 
31%) and 9-hydroxytriptyccoc (3rd band, 320 mg, 42%) : ‘H- 
NMR (99.6 MHz, CD&) 6 5.44 (s, 2Ii), 6.96724 (m, lSH), 
7.44-7.64 (m, 6H), 7.72-7.88 (m, 6H), 7.88-8.08 (dd, 6H); IR 
(KBr) 1775 (M), 1460,1110,995,755,645 cm-l. 

9,lcrBys-Mptvcvloxy)tTiptycene (18) 
Peroxyeater 6a (115 mg, 0.13 mmol) was suspended in 

perlluorodecalin (5 ml), gradually heated to 160” over a 1 hr 
period, and maintained at that temp for 30 min. Following 
evaporation of the solvent, the brown residue was swcessively 
purified by wlumn chromatography on silica gel and GPC to 
give la : colorless solid (40 mg, 390/ ; mp. @SC) 567” ; ‘H- 
NMR (99.6 MHz, CDCl,) 6 5.53 (s, 2H). 6.72-7.20 (BI, ISH), 
7.40-7.60 (a 6~ 7.68-796 (m ~ZH);%NMR (loo MH~, 
CDCl&DCl,) d 58.39, 87.41, 89.25, 12x17, 12331,,12+26, 
.l24.6l,124.80,125.48.143.63,144.50.14$.86;1~KBr) 1440. 
1215. 1195.1065.740.640cm-‘.(Found:C.91.39;H,4.93. 
Calc for C,,H,sO,: C, 91.11; H, 4.84x.) 

9.10 - i&(3 - chl&d - 9 - hiptycyf) triptycene - 9,lO - 
dfptTo%ycarkt3xyluze (6) 

To3(2.~~6nunol)diesdvedinknztnc/dicthyletha(12o 
ml/24Oml) wasaddedBuLi(7.2mmol)at -5O”.Tbesolnnaa 
stirrodfor30mimaadthcnanothcr~Ominotroomtamp.?be 
rc3ultingsuspensionof3&loro-9-triptycyllithiumwassbwly 
(ca 5 hr) added tlqough a double ended obbdle to dry dicthyl 
etber(20dml)saturatedwithO~at -7O”.‘fbcdryO, waskept 
bubbling into the sotn. After complete addition, 5 in bznxene 
(60 ml) wti added by sd to &ether solo of the peroxide 
over 5 min. The cold bath wits removed snd the mixture was 
kept stirred overuig&~The resulting ppt of LiCl was removed 
by filtration and the lIltrate was reduced to dryness under 
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Table 1. WC and thermodynamic parameters &r the iaoserioation of label&l 
dkthlX1 
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TW=a-(“) k-+) 
238 202 x 1o-6 
258 1.01 x 10-s 
281 4.55 x lo-’ 
305 3.13 x lo-* 

K WW4 

a48 
0.51 
0.48 
0.47 

A@ (kcal mol- ‘) 

43.1 
43.8 
44.1 
43.8 

317 6.56 x lo-’ 0.51 44.5 
332 1.33 x 10-s 0.48 44.2 

reduced pressure without heating to avoid thermal 
decomposition. The residue was chromatographed on silica 
gel with a mixture of CH,Cl,-n-hexane (1: 1) to give 6 as a 
white powder. After recrystallimtion from chloroform and 
cyclohexane,1O2mg(l~~yieldbasedonS)of6wasobtained: 
m.p.11~160°(dec.);IR(KBr)1770cm-’;’H-NMR(CDCl,) 
d 5.2g (s, 2H), 6.8U-7.10 (m, 16H), 7.30-7.50 (m, 6H), 7.60-7.88 
(ml 12H). 

9.10 - Bls(3 - chloro - 9 - tffptycyloxy)triptycme (1) 
Peroxyester 6 (94 mg) was suspended in perlhrorodeudin 

(1 ml) gradually heated to 150” over a period of 1 hr and 
maintained at that temp for 30 min. After evaporation of the 
solvent completely, a brown residue was purified by a Lobar 
column and remystallixation from CHsCls-MeGH to give a 
colorless powder in 32% yield: IR (KBr) 1220 cm-‘. The 
obtained &omeric mix& of 1 was kpaktai by means of 
HPLC on U-PO&~ seminrenarative column with 4X CHCl, 
in n-hexane elution : d&m& ;m.p. 509” ; ‘H-NMR(i=D61,) 8 
5.48 (s, ZH), 6.76-7.16 (m, 16H), 7.40-7.62 (m, 6H), 7.62-7.92 
(m, 12H); HR-MS spectrum for Ce,,H,,0s3sCl,, m/e (talc) 
858.2092, m/e (obsd) 858.2091: meso isomer; m.p. 505”; the 
same ‘H-NMR spectrum as the dl isomer. 

Kinetic meawements 
The rates of isome-rixation were measured in the temp range 

238-332” for solns of the dl isomer of 1 in diphenyhnethane (u1 
1.2mM).Sealedglasscapillarytubes(1.0x80mm)containing 
the soln were immersed in a hot baths’ At&r a given period of 
time (a few minutes to several days), samples were taken out of 
the bath and cooled in ice-water to stop the isomaization 
reaction. The dl/rneso isomer ratios were obtained by 
analytical HPLC and analyxed according to Eqs (3) and (4): 

dl&so (3) 
kk 

In klsec-‘1 

-5 I \ 
I a, 

-10. \ 0 

-15' 1.7 1.8 1.9 

+ x 103 

Fig 5. Arrhenius plots of the rates of interconversion 
(dl~mcso)oftheisomerlcdiether1. 

k(K+l)t = hi (x,(1 +x)/(x,-x)) (4) 

where k, K and x = &,/A, are the rate constants for 
isomerixation from the dl to meso isomerq the equilibritmr 
constant delIned as C,,/C,, and the observed ratio of 
absorbance of the two isomers at 254 nm, rtspsctively. The 
ratio of molar absorptivity of the two isomers at the same 
wavelength was unity. In order to obtain x,. the samples were 
heated for several half-lives in the temp range of rapid iso- 
met-i&ion. In the case of slow isomer&ion, they were first 
equilibratedathighertempandthenheatedatagiventempfor 
a few half-lives to save time. Results are given in Table 1 and 
Fig. 5. 
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