
Lmx carbocyclic ring systems containing twelve or 
morerirtgmcmbershavebeentlmsubjectofagrcatdeal 
ofinvedigntiondmingthelasttenyuusorso.Whentbc 
gemral review apw in tbc book “Conformatio~I 
Analysis” in 196s. the suuctme of cyclododeuuk was . 
exparmeaEanyhuown,butforringslargcrtlumthis,w 
accumte sbuctuml data, from X-ray work or otbmwwe. 
were avaikbk. Ekmentary considerations indicated that 
large rings would tend, in so far as possibk, to have anti 
armngements of the butane segments, with a minimum 
number of gou& arrangements to close the ring. For 
the highest symmetry the 12-membered ring would, 
koking down the 4fold symmetry axis, be ap- 
proximately square. and the l+rnembered ring would 
neceasariiy be re&ng&r. Less symmetrical forms are 
also poss~bk. The 16,20,24, etc membered rings would 
each in princiik have the option of being square or 
te&ng&. From very old X-ray work,’ it was known 
that tba 24- and 28-membered diketones showed unit 
cells whkb were long and thin, which indicated struc- 
tures anakgous to those found for alii hydro- 
carboa It seemed ckar that suflickntly large rings 
wouldberecmng&,ratherthansquare,sincealarge 
squarehasabighokinthecentcr,andkckstbevander 
Waak attmctkn between the opposite sides that can be 
obta&dwithtbere&u@arshape.Butitwasnotckar 
bow large the ring had to be before it would adopt this 
- shape. 

There was also available in 1%5 information’ on m.ps. 
and tmnsitkn points for the cyckalkanes, which showed 
that tbc 1Zmcmtnxcd ring was an ordii crystal, in 
which rotation of the ring within the unit cell dii not 
occur. llm 16 and 18-membered rings showed transition 
points far below tbeii m.ps., and this fact had at kast 
two possii itlterpretatkns. one was that these large 
rings were approximately a disc, and at the transhkn 
temperature,rotatknofthediiaboutthepriDcipkaxis 
setin,butrotationabouttbeotheraxesdidnotoccur 
below the melting point. This also would have explained 
the anisotropy of the crystals which was observed. 
Munatively. it was suggested that there existed a “lat- 
tke imperfection” which travekd around the riog 

(analogous to the pseudordation in cyckpentane). Or, 
po&ly tik imp&c&n (p&ably a&her confor- 
matknfortbariag)waspreseutintbelattice.Itwasako 
p&ctedthataboveaboutClo,tbeinterkrhokoftlm 
discwouldbecometoolargeandthevanderwaals 
forces would colhqHe tlk mokcuk into two paralkl 
straightchains. 

Prior to that time’ we had decided to investigate 
conforma&alpropertksofsomelarqerinqsbyprepar- 
ingdiketoderivativcs,wlmrethecarbonyigroupswerc 
onoppositesidesofthering.Dqmndingonthenumher 
ofringmambers,atbdoaconformations,tbeketogroups 
onoppositcsidcsoftheringwouldpointineithertbe 
Samedh&iOtl,OritlOppO&cdi&iOnS,aad~- 
ment of the dipok moments of these compounds skmld 
yield information regard& the conectuess of the 
getU?AasSUptiOlMabOtltcOltfOrmationS.Itlthispaper 
we will discuss only the 16-membered ring.’ The 19 
diineoftbisringwaspreparedbystandardmethods,s 
and its dipole moment was measured in benz.ene sohr- 
tion: and found to have the value of 4.28D. Since the 
monoketooa has a dipok moun& of 2&D., it would 
SamtltatitltbemaintbedipOks~OrientedpaAkl, 
rather than antiparahel, but the observed number is 
certamly sot twice the value for the monoketone (4.%), 
so ckarly we have not only this conformation in soht- 
tioo, but a sign&ant amount of somethiug else. In l!Y72 
Dak d UP published the results of an invcstiqation of 
manylargeringdknes,iDchxth@thispartkularone. 
Their quahmtive conclusions were substantially the same 
asours. 

Other p&rent information has become avaikbk in 
more recent years. First, the stnmuue of l.l$QMetra- 
methykyclo- has been de&-mu& by X-ray 
crystahogmphy,anditisakrgesquare~TbeMegroups 
nUlyhdhEncetbe~ttitiiumbetwemltbe~uareand 
tbcrecmngk,hutsuchimhmncesbouhibesman.Tbe 
~sfitbeatincornerpositkns,butinthisparticukr 
mokcukeitheroftbeseconfMmationscanpositionboth 
setaofMe’sattlRcorrkrs.ItisalsockarMIwthatstiu 
largcrringawioinqalemlbecolkformationalmixture~in 
solutk&c&mta&sisnificantamountaofconfmmatKms 
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“Puckered Ora ’ 

other thsn the most stnble one.9 It has been sughcstcd 
thst this kind of disorder is present in cyclohexsdecaae 
sad persists in the h&h tcmpcraturc crystnlliae phase? 

We have applied molecular mcchsaics cakuhttions 
(using MM2’4 to the question of the possible coa. 
fotmmions of cyclohexs&caae, snd the corrcspondiag 
atoaoketonc, the l$dioae, sad the correspondin ethy- 
kac ketnls, with the view of reaching some conclusioas 
about the conformations of these compounds, and 
general conchlsions rcg&ag the stnlctures of hrge 
riags.IfweassualethatlsrgcriagssrciadMdparnlleI 
chaias, joined by cad scgarents, the question is fhst, 
what is the Ien8th of the cad scgamnt? Aad secoad, what 
~~~~~s~~w~h~~dof~~ 
observed? If we caa saswer these questions, then it 
would seem that the most stsble structures of the cyclo- 
alkaacs comaiaia8 4n carboas (above so= minialluu 
value for n yet to be dctcramKd) will sll be known. In 
cyclododecane, the cad sclpnent contains four carbons. 
But this mokcule is, accordiag to our definition, 
r@ihcantly strniacd (1261 kcsl/mol).” l’be l&rem- 
bcrcd ring has a choice of four carbon cad scguacnts, 
which leaves six carbon side pieces for the rcctm@c 
((3535) in the IMe aoamaclatare~, or a spume with five 
csrbon segments sil srouad (4444). (Fu. 1) The hater, 
ahhough it hss a cslculstod iahcreat strain” of 
6.06 kc&rot, is iadic&d by the present cslcukuioas to 
be favored over the (3535) #~~~~~a by 3.5 kc&not. 
Thisresuttshould&velidintbcgasphase,endagobd 
approximation in an iadHerent solvent. Anet nad 
cheng’* recently reported skailsr calculstions @sin8 
Boyd’s Frogmn$’ aad obtsiaed a vslue of 1.9 kcal/& 
for the energy difference. Our calculated geo~trics arc 
shailar to theirsp which amkcs the size of the dis- 
crepancy between tlmsc cskulstcd energy vlllnes sur- 
prising. An NMR stadyl2 showed no detcctabk amouat 
ofthcmctaug&coafommtioaatabout-l(NP.ThcIR 
spactrumoftbemolecokinsolutionissimilartothatin 
tbchightcmpcratumsolh&snditisshsrpcriathelow 
~rn~~~d.itis~~why~~~~ 
brand at high tmapuaturcs sad shmp at low tem- 
persturcs, slthough a ~0~0~~~ mixture hns been 
suggested as oae possibility. The preseacc of a 
siga&snt amount of one or more higher energy coa- 

formations seems improbable to us from the above cal- 
culations. It is also expected thst tbcre will be sdditioasl, 
kss syamutrU coaformatkms present, but probably 
these will be even higher in ~aergy,‘~ sad we have not 
studied them. 

A d&rent iaterpntstion for the brosdeaia8 of the IR 
bsads ia the high tcmpernturc crystalliac phssc of 
cyclohexadecaae fletHe librntioaal rno~~) was stg- 
g&al by Aaet sad Cheag.12 When we calcu&tc the heat 
of formation of cyclod~, sad smeller cyclic sys- 
tems, vslucs src obtsiaed which ngmc well with expcri- 
meat on the assumption that the potcatisl wells in which 
the molecuks lie arc at least 7 kcal/mol or so in height. If 
the potential well is more shallow, ss it is in the normal 
alkaaes (shout 4 kcal/mol), then the well becomes 
broader, sad the torsioasl levels more closely spaced, 
aad the heat of formation at 25’ is increased by popu- 
lstioa of those excited torsional levels. Neglect of say 
special trcsuaeat of the torsional levels for cyck 
dodcc& ksds us to a cnlcnlated heat of fonaatioa thst 
is slightly too positive (-53.87 kcsljmol cakulstcd, 
-55.03 +054, cox sad Pilcher,“ but the latter vahlc 
contains an csthastcd heat of vaporixatioa sad may be 
sugary ia error). This ngrceamat indicates thst the 
mokcuk iadaod lies in a fairly deep well, sad is more 
like cyclohexaae thaa it is like a-hcxnae ia this regard. 
This is confirmed by low temperature studies of Anet,” 
which show the bsrrkr to conversion of this coafor- 
amtion to others to be 7.9 kcal/mol. 

For cyclohcxmkcaac, the situxtioa is markedly 
di&?rcat. If the beat of formation is calculated acgh?&8 
these torsional motions as previously, sad coatpsrcd 
with experiment, the respective values are -83.65 nad 
-76.83 f 0.43 kcallmol. The com&te dissgmcment, 
assumiag the expcrbacntld value is nlinble. iadicstes 
that the calculi&cd vahm mast bc rdgai@atly &cased 
by addition of oat or more terms. Oat possibility ia 
priacipk would be the presence of lmge aumbcrs of 
excited coafonastioas, but the discus&a above appear 
to rule out this possiiility. The only otbcr possibility 
sppsrcat to us is thst the torsional potential wells src 
verybrosdiathisamlecuk,aswithopenchsias,rstber 
thsaaswiththesa.tslkrrings.Ifthisiscorroc&tre&g 
the torsional psrt of the molecule ss we treat open 
&sins, we would sdd 16X0.36= 5.76 kcsl/mol to the 
hem of fonlmtioa brmging it’s value to -77.89. The 
xgrccment is aow reason&k. Thus our coachtsioa is thst 
this amkcule has broad torsiotml wells, siarilar to those 
found in aa opea chaia. The d&rent p&s of the axoh+ 
cuk act rather indcpcadently, aml arc deformed by 
~~~~CS~~l~~~~~ 
~~~~~~p~s,~~~s~~ 
observed baads ia the IR spectrum. Ia the low tern- 
pcrne crystsniac phase, appmluy the lattice forces 
compress the amlccuk sut6ciently to give narrow, well- 
dcfiaod torsioasl potcatisl weh, ia which the viiasl 
kvels are more widely spaced, so the excited kvels arc 
less popuhtted, which then sharpens the spectrum. There 
is no dcfiahe evidence for tbs presence of any other 
coaforamtioa, in solution or in tlm high tcarpermure 
solid. Whik such aa addhmma coaforamtioa might kad 
tobronderbaads,itrcsllyshouhllcadtotbeappearance 
of sew sad dilfenat baads, which are not observed. 
Finally, tbe brosd torsioasl pot&al wells are expected 
ia coajuacaoa with low brarims to ~~av~~a. The 
observed bsrrier is 6.7 kc&” which is ia fact below our 
7 kcsl value where the effect is cxpcctai. (It is cl&y 
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somewbatfortuitoustha!thcratllcrsnlaudiflerrnceio 
the ban&s bcIween the 12- and 16-mcmb6mi rings 
happcnstost&ikour7kcalvaluc,butthc”bnxd”and 
‘hsrrow” totsional p&ntials m tbc less do seem like 
a rcMolmb& intepMo0 of the facts.) 

Next we exam&d cyclohexedeceaone. Tbrc arc 
quitcafcwconformatioll!3thfAtoncncalstoconsid@. 
Theringcanbcsquare,inwhichcascthcrearcthrec 
po&n!4fortbeC0lpoup(giviDgthcthrceconfor- 
mationsA,withthetxrbonyIootbccoracr,B,withthc 
coadjacenttotbcc4mber.andc,withthccointhe 
middk of the side of tbc ring. There arc also four 

confonnationsinwhichtheringisrccW@ar,D,Eand 
F,whaetbccogroupi.sposSoWdabogthclon#W 
si&ofthcriBgandthetc&Wbgyisasbcfore,andalso 
rfowthconfonuatbnG,whcrctbcCOisadjacenttothc 
amK!xoftbcringonthcshortringsidc.Thecak4ubns 
il&atctbatsevcfaloftbcsccoaf~didtain 
cacxgy by relatively small amounts crllble 1). Con- 
formatbnBisthcbwcatincnergy,buttbecomppnd 
slmaldexistatroomtcmpcrUrcasaamf~ 
~L?uneogspbstantielamountsofothcrcoa- 
f- 

If we look at the Dale figure for the (4444) con- 
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formation(Fi&1)andrealixethatthebulhofthein- 
stabihty of this conformation comes from repulsion be- 
tweeahyQoeensonthesamesideoftbe~rofthe 
ring (for exampk, if we numbered the carbons 1,2,3,. . . 
be&mingwithA$andgoinginthedirectknofB,c, . ..( 
the interior hydrogens on carbons 2 and 15 so interact), 
then it’s clear that if we replace the pair of hydrogens on 
either of these carbons, we will remove the rep&ion. 
Since the interior Hyde on Cl5 interacts not only 
withtheinteriorhydrogenonCZ,butaisowitbtheone 
on C12, it would seem that replacing the hydrogens on 
Cl5 would lower the energy more than replacing the 
hydroqens on C2. Calculations show this is not the case. 
More careful cxam&tion of the ligure (or of a model) 
showswhythisistrue.C2isupabovethemeanplaneof 
the tiqt, and when the hydrogens are replaced by a CO 
oxyqen, this oxygen is far up above the rho, and does 
not have any repulsion with the hydrogen remaininq at 
Cl5 But, if we replace the hydroqens at Cl5 with the 
CO, since Cl5 is down lower, near the mean plane of the 
rine,theCOoxy~nisnowiaapoJitiontointaactwith 
the interior hydrogen on C2. Thus, sun of a CO 
at a posit& of type C only exchanges the repulsion 
between two hydrogens for a repulsion between an 
oxygen and a hydrogen, whereas substitution at a posi- 
tionof~B,whikit~~tsonlyhalfasmaayinter- 
actions, does completely ehminate them. It is also worth 
pointing out that a CO at position C has the oxygen 
eclipsed by two carbons, the most favorabk armnge- 
men& A CO at position E has the oxygen eclipsed on one 
side by carbon but on the other side by hydrogm, which 
is kss favorable. Nonethekss, substitution at position B 
is favored, although not by a very large amount 

The measured dipole moment of the compound was 
2.48D. This value, which is similar to that reported by 
Dale: is spay kss than that MM for 
acetone (286 D), or cyclohexanone (3.08 D). This &a- 
tiv~ys~v~~~~~~~sof~ 
induced moments which arise in the C-C bonds.” !&c-e 
the httter are missing for the bonds beyond Me in 
acetone, the acetone vahte can be considered as the 
start@ point. If we attach Me’s around in the @U&C 
position (as in cyclolEuluone), the induced moments in 
theC-Cbondsareinthesamedirectknsastheprincipk 
moment, and hence augment the latter vahre. But if the 
methykne groups are attached, say as in 3-pentanone, 
with tbe carbon skeleton in the all-anti conformatkn, 
thentheiuducodmomentsintbeC-cbondsopposethe 
principk moment, and hence reduce the observed vahre. 

Ot 
/\r Q Jb 

Consequently a s&r moment is expected for con- 
fommtknsBandC,whikalargeroneisexpecUfor 
conformatkn A. lhe small * obtahwd experiment- 
dlyiscxmi&otwitticuaf-iuwhichBandC 
toi@hcrmnglyprsdomiaateovcrA. 

The ethykne ketal of cyckbex&camme was pm- 

ketmc itself. This can be quahtatively understood on the 
basisthatingoingfromthehydmcarbontothehetone, 
one is removing a hydrogen. Thus, putting the ketone at 
any position other than on a comer will relieve so= 
repulsion from the interior of the ring. The cortmr posi- 
tion therefore is the least favorabk with the ketone, and 
the differences are reiatively small between confor- 
mations B and C. 

For the k&al, on the other hand, a relatively small 
bydrogen inside of the hydrocarbon ring would be 
replaced by a much larger oxygen, so that the con- 
formations which are best for the ketone are poorest for 
the ketal. The corner position (A) enables both of the 
oxygen.? to be external to the rio& and this is preferred. 
Interestingly, it turns out that the calculated dipole 
moments are quite ditTerent, &pending on wlmtlmr the 
conformation is A’, B’, or C. Tbe reason for this is that 
the dioxolane rim3 can adopt either a half&air (Cz) or an 
envelope (CL) conformation, as these are rather similar in 
energy. If the dioxolane ring is attached to a corner A’, it 
prefers the C, conformation, which has a substantial 
dipole moment (1.32 D), while if it is in the 8’ or C 
~~o~~n, the steric pressures from the neck 
methylene groups force it to adopt the Cz ~~~~~ 
and here the dipole moment is smalkr (0.82 D). 

The calculated energies of the monoketals are as 
shown (Table 1). As expected A’ is the most stable, but 
B’ is not far behind. C, on the other hand, has a very 
biqh energy. These energy differences can be rational&d 
as was done for the monoketone (with reference to Fe 
1). If the ketal unit is placed at position A, it is quite out 
of tbe way, and sterically favorable. If it is placed at 
position B, because the carbon here is up above the 
plaaeofthcring.tbeketaluaittendsalsotobeupabove 
the plane of the mokcuk, and the steric interactions are 
not very serious. But if the k&al is phuzed at C, since the 
latter carbon is below the phure of the mokcuk, the 
internal oxygen atom is forced into an extremely un- 
favorabk location, resulting in quite a higher energy. 

If we take the compounds to be a conformational 
mixture of only A’ and B’, which is a good ap- 
proximation. allowing for the enthalpy and entropy 
differences, we calculate that the equiliium mixture 
would consist of 75% A’, and 23% B’. The calculated 
moment for the monoketal is 1.20D based on this ratio, 
This vahre is in reason&k agreement with that observed 
experimentally. 

Let us now examine the l,!Mione. Here we have dealt 
with three families of conformatkns: the square, the 
rectangk and the puckered forms. The latter systems are 
based on the X-ray stmctum reported for the 1>9,13- 
tetraazec~lOkti~lU. '* This conformation in the 
hydmcarbon has an extremely high steric energy relative 
to the (4444) form (AB = 7.33 kcal/mol) due to the ad- 
verse torsion and bad van der Waals repulsions. Most of 
these problems remain in the diketone forms which are 
kbekdtIH,Iland~J,correspoMiiagtothethreeunique 
positions on the skekton. In the square, the three f&s 
arelabeledAA,BBmdCC;intherecta@eZlD,EE, 
RF and GG. Iaspection of models of these systems 
reveals that in the majority of the conformers the dipoks 
are parallel or additive, with moments expected near 
4.%D, assuming a moment of 2.48 D for the 
~~~.~~~~~S~~Wf~ 
the induction e&c& as previously me&lo& one might 
expect the calculated moments for the paraM carbonyl 
o&nations (conformers BB, CC, EE H? GG, 42) to be 



nearly 2 x 2% or 5.89. b&ed, we find MM2 vahles of 
about 5.8D for these conformers. These values wm 
corrected for induction by multiplyise by the factor 
2481291 (Table l). In conformers AA and DQ near xero 
moments are expected (and calculated), due to the 
opposition of the dipoks. 

The calculated energies for the various conformations 
are given in Tabk I. The more important conformations 
of the dione are EB, CC and GG. A conformation like 
AA, with large opposing dipoks, would show an ap- 
parent dipok moment of about O.SD, from atomic 
polarisatior~‘~ The others with the dipoks nearly parallel 
would be expected to show mom~ts slightly reduced by 
Ml% ns a result of their vibrational motions, which 
would yield the values for the individual conformations 
as 8iven in Table I. 

Using these dipole moments (Table 1) and the mole 
fractions calculated from the relative free energies 
(Tabk I). the overall dipole moment of the compound is 
calculated as 4.17D., compared with the experimental 
value of 4.284 and the agreement is reasonable. Our 
conclusion is that GG is the major conformation, 
together with BE and CC in that order. This is quite a 
di&ent conclusion from that reached by IMe’ (that CC 
would predominate), which was based only on qualitative 
reasoning, however. 

In the (4444) ~~o~~n there are 8 u~av~ 
9anche H/H repulsions, 0.05 kcal each. la the 3535 form 
there are 4 similar repulsions, which are more serious, 
0.59 kcal each. These geometries have been a result of 
each conformation minimixing its strain, so the total 
difference in strain (3.43 kcal) is larger than the remainin 
contriiutions to strain from this one kind of interaction 
(2.16 kc& 

Replaciug a CHs group by a C-0 in (4444) at B 
removes one unfavorable hydrogebhydro8en interaction 
and reduces the straiu energy by a total of 0% kcal/mol 
(Table I). A similar replacement at F nmovcs one H-H 
interaction and stabilizes the molecule by 0.96 kcal, whii 
replacement at G also removes one intera&on, but 
stab&es the molecule by 2.21 kcal. So the best con- 
fonners(byl.#kcal)iswiththeketoaeotBintbe(~). 
However, if another C-0 group is added in the 9 
position, while the square is further stabi&d, placin8 
theC=Ointhe(3535)coaformationatpositionE,F;orG 
leads to an even greater stabihxation, as a larger fraction 
of the severe gauche hydrogen repulsions are elimkmted. 
In fact the rectarujuhu conformation GG is calculated to 
be more stabk than the square BB by 0.67 kcal/mol, and 
is predicted to be the predominent conformation. 

For the 1,9-cyclohexadeumulione diketal. the 
experimental dipole moment was 1.21 i 0.02 D. For A’A’ 
there arc two possibk conformations with the dioxolane 
rings ~v~~Iy in the C, coronation They can be 
arranged in such a way as to give a Ci axis in place of 
what was a Cd axis in the hydrocarbon, and this con- 
formation has a dipole moment of xero (which would 
show an apparent dipole moment of about 0.5 D). 

Alternatively, there is the conformation where the 
moments of the dioxolane rings are additive; the vector 
addition of the component moments for this form is 
l.WD.Thusa50:50~oftbtA’A’formsgivesrise 
to a calculated net moment of 1.37 D for A’A’. In #W, 
this situation does not exist since the Cs form of the 
dioxolane rings are preferred over the c, forms due to 
sterichMance.Thus,theindividualmomentsofthe 
dioxolane r&s in B’B’ point in approximately the same 

dire&on and give a calculated total moment of 1.16D. 
By assuming a moment of 1.37 D for A’A’ tutd 1.16 D for 
BB’ (aU other cmhmers arc much higher in energy) we 
calculate a moment of 1.33 D for an 82: 18 mixture of 
these forms. This value is in agreement with our obser- 
ved vahie. 

Next v can consider the monoketal of cyclohex- 
adeca&mne. Here it is dillkult to make a qualitative 
pmdkation as to what is to be expected. Conformatious 
which are best for the ketone group are poorest for the 
ketal, so one might expect roughJy equal amounts of each 
conformation The conformation best for the ketone 
(SS’) in this cast have the moment st&tracting, rather 
than adding, their vahres. The conformation best for the 
ketal, on the other hand (AA’), has the moments addhug. 
Only these two conformations (AA’ and 88’) are expec- 
ted to have relatively low energies. Of these, BB’ is 
calculated to be of lower enthalpy by 0.13 kcaVmo1, 
which should lead to a 55145 mixture with AA’. The 
calculated diik moments are respectively 1.97 and 3.28. 
The 55145 mixture is therefore calculated to show a 
dipole moment of 264 4 while the experimental value is 
278 D. 

c)ur conclusions are that the square conformation 
pr&mmaMovertherec&n&uformostofthecom- 
pounds considered here involvin8 8 cyclohexadecane 
ring system, and the energy diierence is quite sub 
stantial The Letal group prefers to be on a corner 
position, whereas a ketone group appears to prefer any 
position otlmr than a corner. The various kinds of con- 
formations which can result from a diketone, diketal, or 
monoketal monoketone have been predicted, and the 
calculated dipok moments in ah cases agree reasonably 
well with those determined by experimental measure- 
ment. The cakuhtted inherent strain energy for cycle- 
hexadecane (the strain of the square conformation, 
neglecting that which results from the population of 
hiqber torsional levels, which in turn result from the 
floppiness of the molecule) is only 6.05 kcal/mol. It 
would seem that the larger r&s of analo8ous possible 
structures (ZJ, 24,28, etc.), which in principk can exist in 
rectan8uhu or square conformations, will not prefer rec- 
tan&r conformations with four atoms at the ends, and 
the rest of the atoms the sides. Rather a conformation 
with at least five atoms at the end, and the rest of the 
atoms along the sides would appear to be preferable. 
Thus it would seem that the very huge molecules that fall 
into this catem will consist of two parallel chains with 
end segments containinq at least five carbons. 
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