
Empirical force &Id calallatiolL¶ (mokcular km?cha+) 
havebecolMepowafulillmmmtford~ 
alIdySiSwhiChbappliCdk?XklllliVelyaadwith~ 
plx&imaIldnliabilitytothedetamiaationofabucture 
andenagyaswdlmJothupro&e8ofhycirodm~ 
Forobvious rea8oMtbeextalsiollofhyctrocarbonforce 
kldstoinch&themostfreqlmtbeterootomstiketbe 
hrl&M, nimgcn, oxygen, sulfur, etc. is highly &sir- 
&&,dSystematicWOrttOthiSCDdha9bCCOreported 

formlulyekments.~l!xtemionisfdhardlyprob- 
bmticwhencarbooisrcpla&bysiliam’ordivabot 
*:~mb===tafhy~bybalogen,m= 
ciallyihmine,haaauliercausedconsidaaMeprobkms~ 
lImeproblelMareinpart&etoalliIla&q&trcat- 
mentofckxtmt&intuactiollsine%rlyforce&Ids, 
USuaDythese~l@CCtediIlhyQocarboa foKx tMds. 
mdarehadcdiuhdideforce&ldsbydipole-dipokor 
Coulomb charge interactions. Even mxe scvse diUkd- 
tksariscwkntbemoddofmo~mechaoics,whicb 
a8smesthattbcmleculprpotcatilllisdetewinadia 
prip&by~kllgthdaDgknstoripOforcesand 
ImnboddintuactioM,isinsuuicien~~olbital 
tlmdioaelYcct8ofacompletelydiuefcat~natpnthan 
thelldccukmecbanicsnoaboIldedintaacboas 

llxdmbumechanicscalculationsforexampleofviciBpl 

oxy@ll’~blorganicmdecuksatatamiaal 
pa&oaiocarbonylc4mpou&haabeendcaltwithiu 
admllar Ildmial lI4lccmafulty,” but the lmllta of 
ethcrfcKceBckishasbeenleasllaG&my.poprome . time the van der wad!? potential’s*16 and ektrodk . 

taactkm’6waetboI&ttobccalcdcdiDadcqortJy 
idy in earlier force MS, calculatioas which m tmve 
performcdmPlafpQ8etofcompounds~all 
thetypicalstrpctsrplekmeotsof~moaoaDd 
diothamdDwlmwem,thatotherill~t&ac8n 
befmdledbyvmdgWaalsmdektmtakpotedds 
amindedsisnificaDtinetbsraInouropinioatbit 
!ldUKcwtribotesnotUlIyimportrntnaWpurmebsn, 
whichwillbefaamitobe mauaryiueveryeuK!xfacc 

mRJLTi?AmllmcmmN 

Jhue&m.ow of tbe brmks of cxxlfdd 
amlyaiaofhydmdms i!3 the gouclrdanti umfor- 
ltl&nd~ofk~CCC~~~ 
ad metllv. 
ldtamlmtbe&tingus&thoCCcoflagmmtoccur- 
~inqmpanolmdsalkyl-1~xaaea,dtbe 
CCOC u of ethyl methyl *ad 2-metbyl-l#3- 
&oxaoes.Wehavelrqmtalcarlicralle~ofAl- 
@T’S 1973 hydnu+on force &Id MMI” for etks, 
whichwMpprametsnzedtogivecorrectgeo~for 
simpleldm,radtbevanlbrwpalspotentialofoxygcn 
wasadjmtaitoiittheexpkambdemLxgksofthe 
amformationr of 5-&yi-1Jdioxancs.‘~ In tbesc IA- 
cllI&Mno~aho~a~dcquili- 
btiumoftbeccoCfnigmentwerestudiedThecob 
fonnfltiolml~ofstbylmothyl*1,and2-d 
4+nethyH~~2d3(Tabk2)are~ 
laq+xthmintherelatcdhydmadxms (for exam$i. 
n-mane: 4.0 Wad-‘),= and thin is uady expkned by 
theiImasaivanderwaalsrspulsionbttwaeatlJetw0’ 
endsofthefmmn?ntbccalmofthcsbortcxc-obonds 
mdtbesIa&rcoCbond~.“wefdhowever 
tJmtaurdicrforcefield”givcsfortbesecuufor- 
mmtiamlencxgk*ierumtinptooIllyabout5O96of 
tbeexpaimeatalvapes.Thediscrepancyatfbrstseems 
toor&atcfromminrdeclurrcyoftheb4MIvander 
WaalspamDBta8forCadH,becao8etbeMe-Me 
RpdSi0OiUlmdtk trmaam&rqn1lsionsin2and3 
arccaku&dbxahardthMrapiraitoobtabltlJe 
comctamformatioasl~.Tbeseparametersan 
kmwntodilTerverymuchfromthoaeofmoatothm 
forcetkdda,withtbevmderwaalspaInmtmofAI- 
lineer’sMM2hydmutmfaccctkld,whkhanvery 
sia&rtotboaeofmostothmforcefields,pweobtabd 
howeverrn?adytbesmerdts.wecoac1udethatin 
tbosetwoforceft&,andpnmbIyindotb=hy~ 
anrboafofcetkld!3wbeoexta&dtoethm,tbaem~ 
beM~intmckaintbeccoCfnomenttlmn 
t&ms(hyl...dilylVmdaWd8RpdGollin1Ortbe 
tmuamdurcplllrionin2and3whichwaa~ 
dim 

Techaiaoy,rpcb~offorce6cldacanbe 
reliwaibyddiql~enagytama.Usuellytbc 
odytamoftbe~~ ofagmmltomiod 
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&mmIiqg 

Bond kJ_-I) l,(A) 

C-O 5.36 I.406 

O-lone pair 4.60 0.50 

Bendixq 

Angle Ir,bQn ra8) 0, 

C-O-C 0.80 104.10 

c-c-o 0.56 109.10 

O-c-o 0.56 107.50 

O-&R 0.43 ?07*50 

c-0-lp 0.35 103.26 

lP-o_lP 0.24 140.00 



jlalatbesimpkstcompoundwithtbcCCC0~ 
the wail&k experimental infomlation ia not ccmhlaive: 
vibmtbdaDdNMRdlltaindicateprc~oftbc 
adforqmbata lnimwave study gave an eothalpy 
diRemce of 1.2 3~0.6 W ml-’ in favor of gauckn Tbc . 
cakuMmmgivesaprefer8ncefortbeorrjfom(Tabk 
2). A convtinal cahdtkm of conformrtionel 
addingguz&ea#M~arollldpndict~ 
amgkafortbcequatoddaxialconformersof4,4~- 
and r-4j,tatrbaetayl-l~xanc H and 11, bccansc the 
additbdgaM~ccccinterectionprc.uotillt&cqlm- 
torialiaoasr(2cCCcgfu&vs1gm&d1faRfihl 

cbaicacalddmsofatbwD PM7 

apfefieacefortbccquatodS-Akgroapclo8etotbe 
expsrimentalvrhteklllerxhlcoaformcJsmkrssbMe 
tbaatktzqmtodfoflmba.aaseofthe~oftbe 
CCcrcgionobmcdioanl&lioxamm~ 
oftbcaxials-b4eandtheequatodlMegroupsis 
s~tJmnbl~bat8llc,~tbeCCcctor- 
!iooaugkisconsdarMyaJImlbrtbantbae.InYtbe 
e@orialMegroupcaamltevcllrelaxto&etivan 
derwaalastrai&butin11,whlmtbebuttmsing~ 
MegrouponC4krni&&tbcC4caneacapesomof 
t&vaodcrWaalarqxGonbyabcodiugdcfomation. 

Matboxycycbbexaml2isamokcukinwhich~ 
ccc0 fragomt cl&ml&l the* cacrgy differen# of 

omaba&aDdtbeCCOC 
S&ES podtioa of t&c exocyclk 
cbain,Ruthtbeapmmiddthsaxialconformations 
NC-tOh~tl#lUlSymmetrialgecwetry(bY 
8.7 aDd 23.7kJmor’), tbc eqldmlm of cquatou and 
axidfomsisfaithfdyfepducd(TaMe2). 

LX-andpdydhm. NoproMemsareexpcctodforthe 
applkdmoftheforcc&Idtodietherswithoxygells 
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separatedbyathastthrccCatoms.Dictkrawiththe 
OCCO etycol cthcx) and COCO (a&al) fragments 
dcacrve, bowever, lhpccid attenth 

appkatioa of a VI torsiod clEr&y term ha8 been 
rccommen&d for glycd cthm,” in the present work no 
lowpcrhWtyto~ualenaeytcrmwaaamploycdfor 
tbcOCCOfragnxdLackin5ancxpcfkdvahtcfor 
tllerotationbarrkrinP#lycdether,tk8ameV~ 
paracwta was used for CCCC aad OCCO (Table 1). For 
theceatralC-CbomlofglycdLvhersa”aormsl”kJe5tb 
of 1523pm was found for 1,4dioxa1~ by de&m 
diR~~butmuch!hrteroneareobsavedinX-ray 



r(C-C) 

r(C methyl-o) 

r%etbylene-O) 

c-o-c 

c-c-o 

c-c-c-c 

ab initio energies _- 

absolute (au) 

relative (k-1) 0.0 

anti 

1.533 1.531 1.531 

1.416 1.415 1.415 

I.420 1.417 1.418 

111.9 112.4 112.3 

108.7 113.8 113.2 

180 71.2 80.0 

192.81877 192.81526 -192.81511 

9.2 9.6 

ie E&lady 
gauche 

bondlengthsusuaUybykssthan1Jpm,withone&vi- 
ationof2.2pm,iuthebdan$esby1-2”,andinthe 
torsionangksbykssthau2”.Nosyste@ic‘Yoreshor- 
teniug” of the expaimeotai vs the dcdated (O)c-c(O) 
bo&isfound.ThedqJof13iscakuMedtohekas 
na&nedthantbecydohexaneril&butwhikinolu 
studytlEcOcangkissmalladtJI8ccoaBgkiskrge, 
tbeekctrondi&actknstndure= shows the inverse. A 
&ivativeof 14,whkhamtainsaddSmdringsatt%chl%l 
totbe5-memberedr&wasiuvest@tedbyXiay 
* * .I dIeam. chllyintbeanlf~oft&es-mem- 

bcdrif@majordBennces arefoll&whichcanwtbe 
sl@sin&beaulsetbeadditionalring.9presentinthe 
molecuk studkd experimelltally have a b idhEnce 
ontbepseldorotatiodlymobikdioxobuqriQg.Iothe 
caldatdshuctureoflStbeOHhydragenisinthe 
planebkectingthe1JdioxaneriI&fo~ab&cated 
hYdlDgeObondpwhaeasiOtlBclYstalthecoOlpOdis 
intermokcularly H-bondedP In tbe calculated &ucture 
theOHgroupisthereforebenttowa&theringoxygens. 

Ofthefewdataavaitabkabouttbecdormational 
e@ibiaofglycoleethersaaladogouscompads,the 
most reliabk are t& conformational energks of 5-d. 
koxy-1,3dioxanes, which exhibit a much stroqer 
solvent dependency than the energks of 5&y&3- 
dioxaltes. Experimental VahLes for Mbutyl-1Jdioxane 
range from 5.7 kJ IIS’ (in cydohexane) to 7.2 kJ mol-’ 
(in a&o&rile),” but for 5_met&xy-1,Mioxaae values 
from 4.4 kJ II&’ Cm bexane) ad 3.4 W mol-’ (ia eth@ 
down to 0.04 w Id-’ (in acetonitrik) are foulId._ Our 
calculatims refer to the idated molecule iu the gas 
phase, which we compare to tbe experimental m in 
the least polar sotvent. 

For 5-metlmxy-2-t-butyl-l,Mioxane 16 .two Me 
rotamers must be considered for both the equatdal and 
axial isomer. Again unsymmetrical confomlatims are 
highly favored, by 10.5 ad 9.4kJmol-’ for the equa- 
toridandaxialisomer,re.spectively.Fromdipokmoments 
a preference of 3.3 kJ mot-’ for the unsymmetrd con- 
formationwasobtaiaedforthe8xialisomerin~ 
solutiolL” Because of the ekctrostatic rep&on of the 
OatomsilltheritlgamltbeMegMp.thelUilllcop 
formationof l6ismoredesUi&dthantbatofs(nbk 
2). Tbe conforndonal enl%gks of 5+netboxy+aBethyl- 
IJdioxane 17 aad 24*7-trioxaqifo(5j la show 
the large idlESc of tJE solvent. Finalty the cob 
fonllakms of di&boxyethaM wcrc CdalkM. In the’ 
litaaturethisdCCllkheslMIdlybeentreatedM~ 
TETVdSWo. 16-D 

I.520 I.520 

1.404 1.413 

1.415 1.422 

111.8 Ill.9 

108.1 109.4 
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el.diff.m 
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hlMl~~OfOnlytWOcoafOnMtiOM(grurcfi#~lUld 

fWtidOUttbOCf!MdbO@,altMgh1OCMlf~ 
arefeasibk.IMaikdmdeclllerlIK&nks~us 
havebeelln?podedbyPodordwitilrforce&Id 
wbk4lnsDotte.stedoaotbermokcuk&-chlreal- 
culdtms agree that the g+g-g+ form is not a stabk 

deeenaacyoftbeagafromisnotsuBcknttopopukte 
thisconformermorethantbemoststabkaaaform.For 
thetwo-statee@ibiumwecakulateaGibbsenergy 
di!Ierence of 0.5 w mol-’ in favor of anti umformations 
whikPododdcalculatedapreferenceof l.lkJmd 
for#fZUC~~Illsohdoobo&familksofcollf~ 
areverysimikriypopaMed,dqIokrizedRal&hscat- 
taing and ‘H NMR data,ii a slight preference for 
~&a$lUmoT). wbikviibdlmaldataare 

Ahbough’formostofthemokdesstdaME 
expeimeotaldatapointtoesmallerpref~forthe 

t&anwecakukte,thisissueha 
timtitisdi&nlttodldk 

whether it is due to solvent dlects or an electronic 
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coaf~i8tbereforega,*nmkesupforg96of 
tJJemixture.Q!uMttm~hludcal~ 

with3.7wmol-‘aQdtJJeaafomlwitb lO.gkJmor’reh- 
tive to the g+g+ fmn;” 46 ia&& C?ak&hm (4310) 
witbophizedboalleagtbagive8n~of 
9JkJmol-’ for gp, 13AkJ ml-’ for g+g-, and 

309 kJ md-’ fur aa ova ,+,+.‘I From the temperame 
deFK&acy of the dipok wwent. of 21, elmfgk of 
aokJ ml%’ for g& aml 18.7 kJ ml-’ for 88 were 
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