
CarbonatomswithacoordiDntionautnber~than 
four have received cor&crabk attc~tioa.‘~ A posai- 
biIity for their form&on is provided by the chdxtkm of a 
~by~~~~~~~~o~ 
suitably placed ekctrotK&n atom. 

Tbaorctiai approechcx to ChcnlicaI swucturc open the 
possibility of studyiqt mokcuka at prexcat not avaikbk 
to the experimcotalist, in the hope of uncovering features 
which might promote their syntheses.’ In this report we 
pre$cat the rcauIts of MO cz&uUoW on chcktion of 
carbdous by cyclic poIyethus and polyamines. 

MuhodS 
Whik the CNDOn method was employed with the 

fun systcmr, lbe uac of ob &l&o methods’ was restricted 
to model systems and to CompouDds 1 and 2. 

CWDOL2 &&es. The nliabiIity of the CNDOKZ rw&s 
in this partictdar application was assured by the foIbw- 
it@ frts: 

(i) a plot of cakub&d bindiug energies vs expcrimcn- 
taI heats of rtomi&on (obtain4 from hats of fonnr- 
tioa)‘..” of cAoc&ns r&ted stNcnKaIIy to the 
chelates, gave a Lbnur reIationship with a comktion 
coeeiitlt of 0995;’ 

(ii) ukuktions on conformatbns of cycbhunt, 14 
dioxanc and I,cpiperazine” succcSfuIIy rcpruduccd 
experimental trends ax we-II as 8ophistkataI MO and 
molecular mechMics cakuktions, and 

size of the basil set calpbycd was &eased and 
poiuintion functiona were intmduced.“*‘~ A satisfac- 
tory hasis set for -w w88 tbc STOW3% olx 
with gemwry optimintion. Tbc size of ‘our rysttmx 
however. demanded a kss amI?itio~ compromise. 

Cakuktioas with the !TO-3G basis set and fuII 
geometry opthnirntino were carried out on model 
compounds where the bmembcred rings were repIaccd 
byaCatomliaeucbain(colapuel~th~,2witbIP#l 
3~~~.~~~,~VC~~O~~~~ 
(6 or 1). from the model cakuktions were exptctcd to 
par&l those from c&utplioDt on tbc whok systems, 
since the former sulYcrai maitdy from the exclusion of a 
fairIy constant strain energy due to the bicyclic ring 
system in the chcIa&s. For some compounds, sin&c 
UkuIatioas at the STOIC31G kvel were then performed 
at the SK&3G optitnixal geometries. 

Compounds 1 and 2 were studied in some det.aiI. Fit, 
tJ.& geometries were optimized at the !STWG kvel, 
subject only to the constraintx of local C, symmetry on 
thtMcOIoupPnd~C~sYlllllKLrYinthtrinOof1and 
C,, in &at of 2. CakuIatiorts were then pcrformcd with 
the extcrukd !RO/C3IG basis set at the STWG opti- 
mized geomctrics, and 6naIIy some sckctcd panmeters 
in species 2 were op&nixaI at the 131G level. 

mTSAND_ 

(iii) CNIXJ2 nsuhs par&led sophisticated ob trtrio 
rcsllfts” for s-y related tit&s such as 
CH,‘. 

Cycloruxarrr ~&&&WY. Tbc moat stabk conformation 
of I-methyl-1,4dioxanium ion, 11 wxa chosen as 
n?fcrcDcc. 

FuII ~eowtry optimization“ was achieved in cycb- 
blXae and cyclobeptanc derivatives. Geometry opti- 
mization in the crown ether compounds however, was 
carried out after imposing the fouowiap symmetry cm- 
straiots: local c, oa Ibe Me moiety and IocaI c. on the 
crown ether moiety with a cqurl to the number of 0 
atoms in the ether. 

Ab in& S&i&.3. Extensive 3 &I& cakubtioas were 
carried out on positively chxrgcd specks.” It w8s 
concIuded that gWWic¶ and rclrtivt encrgka Cal- 
CuIated tended to appKiach expcrimcntaI vaIlbe. as the 

catioo h was shown to correspond to the &an&ion 
state for Me migration between 5r and its mirror image. 
Thus,whcnthcconditionthxtthcMegroupshouIdIk 
above tbc center of tbc fiq was rcllevat, ~JJC q okcule 
ien into the potent&II of Sa 

whikin~andGtbccar&a&n~ktyntniabdics 
preferred (in the gas phase) pIana3 conformation. s&c 
rcpukiins created by the H atoms pointing bto the ring 
~~C~OV~~~S~~U~~ 
rdative to 2a 

BY analogy with cycbhexanc, the intercoavcrsion of 
1aandkproccc&dthroughatransitionstatchi&crin 
cncrgythanlabyabout 1lWmol.’ 

The energy difIerence between ch8ir/cqu8torial and 
boaU8upok mcthyIcyc&bex~~ was c&dated to be 
5.OkcaUmoI. In the l&dioxxne caxc, the energy 
diifcrence se-la wxs 0nIy 0.7kc&nlo4, iadiatipl tbc 
importaece of the intcr8ctbn bctwccn tbc Me group wf 
the 0 atom in the Cpositbn.” This effect is presumably 
the origin of slnakr endocyclic an&s in tbc 0 
colnpound (Pi. 1). 

CHELATION OF CARBOCATIONS BY POLYETHERS 
AND POLY~N~ 
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The results presented arc summariA in Fv. 2. 
WhcntheOatoauwercrcpLedbyNHgoups,the 

energy difference 2-l wu lowered by 22k&txA, 
nectil@theiacrcMlfipppuc~dtlIcpamlt 
bWacycks” w&i& frv~ prefcraltirfly speciea 

(a) (b) 

dbsdlx.wd&~.Inyfdi!ifm,tbecDQly 
diilemtce S-lb was -0.6Wmd, due IO tbc iigkr 
b&city of N over 0. 

subatitucat cu#tl were studied thfollgb iso&s&! 
reactions.- The ClEfgics for rc.u&n I were tzahlud 

CHX + CH, = CH; + CH,X (1) 

for a 8&s of PMIps X.” Poritive vaIucs obtained for 
Me. P and OH’ indicad that these rubuituentll stab& 
ized pfefercntiaUy the cation over the neutraI mok.cuk 

In our tystcals substinJcal e&ts CouId be studied 
thra@lthcisodc¶micnBction(2).whcrcspccicsIM1 
tnkcoasamodelfortbehydroarboasincctbcchaqpin 
it w-as ku coocentratcd on tbc Me group (see b&w). 

200 + l(H) z 2W + l(X) (2) 

Me, P and OH substituenu were found to dc$t&iIize 2 
dative to 1.’ This was due, on one band, to tbc abncnce 
of IWnance effects, which in Iuge part accounted for 
the greater stability of CHX over CH,’ in cqn (11, and 
w the other, from derm inductive rrrd 6cld 
dbCrrwhifhWrrsruterinithniol,~j~frwn 
rIaQelcaDccnrntionofpositivecbupin2ontheC 
ltam bar& the subst&at pii. 3). 

FhMxincsubSeaWlteilcctslumshdiedinmodeI 
coapounds*TbeslWGcncrgy- for eqa (31,’ 
larlooourw 

Qua&m (2). waS 5.4kcaumo1, indis&g that CIwriae 
subiIi&7~tha6.Howcver,amaIIborirrctrwere 
shown to 0vixemphuiz.c tbeyPilihg,p~&f 
ftuotim toward8 cuboatioar 
!TrO/c31cl bash set was cmp&~%n fcducal to 
-4Mka&ilol, a rcsuh qlmuatively aimihl to the 
CNDOR result for the wbok rystem. 



of 2 rduive to 1.“ Consequently, when the STOW31G 
b&a 8et was empkyai at the SIWG op&ized 
geometries, the energy differsnce dropped to 
%.7Wr~ol. A f&ther drop of 5.0 Wmol occurred 
when optimi&on at the !ZO/4.31G kvd of some 
parametar invdvad in the bond ut& strain of 2 (lo) 
was performed. PraumrMy fiAl optimiaion employing 
~kgCfbrtirselW0Uld~SUlti0~StiUMdl~tImugy 

Mat0a. 

The strongcat iwrwio08 between sdvwt and species 
1and2wercpr&ktaitooccuriatbevkiityofthe . . 
arboEoaoar cell&f, with the I8Qest rbarc of positive 
charge (Pi 3). Iondipok interactions, which have been 
showntobeofpredomin8ntimporWx illtbCsdVstioa 

Of r0OOOafomic iOIls,- werepraiictedtostabilize2 
morethM18incetbechugewumonkaEzcdinthe 
former im (Pi 3). charge mnafel effcctr. alkulrtad 
withrsimpkPMOmoddb8laiontheinter8c6oaoftbc 
LUMO of tbc cubocruioa with tbc HOMO of tbc 
solvent, have been SbowIl to pccocmt for the s&&on 
ulergks of & verkty of arboc&ns.= This model 8p 
pIialtolMd2ahopredkUthelNterspeckstobe 
pr&renWly sotvued? TBe two effects mentional art 
partly compenaed by the &htty greater steric 
hindrae to the 8pproxh of solvent to the positive 
centerintth8ninl. 

TEe ass&&o0 of thpknyimcthyl cation with several 
linear8ndcyciicethasmdaat&hasrecendybeen 
studa.= Linear coahtkm were rqortal between tbc 
0i@ibdIlmcoataDtldtbebiCitiClOfthCCtbaaOO 

t&onstmad8ndbetwccaA?i’uldArOnlbcotJ8cr. 

I&axaBe was found to Bt into tbcsc mluions thus 
s~~~~~~~~to~~a 
~to~~~o~~s~.~u~ 
doulxedly ntkcts the b&ioas of the pbcnyi groups 
which makes Nragemellts such as 24 improbabk. 

Precukntr exist however for the formation of inter- 
maii8ta8Mkgousto2.Thuathe8hiftofthechair# 
bent quilitsium in IAdioxanc towa& the bo& form in 
the preseoce of the &Id of strong dipoks has been 
postuktair 

Cycf&pWw &f&W. The specks to be compared 
are the more stabk conform&a d I-Me-1,4&x- 
acyclo&ptAne Md a specks permit& tKid&lg xross 
the 0 atoms by the Me orqup. By annbgy with cycle- 
z&where the CX hnstchair !orm is the more 

sod where the preferred sncs for monosub 
stitution are the equatorial 2 3 8nd 4 positions fll),aa 
specks12wassWdkd.*IbebiQ#ispecksstudkdwas 
13. 

The CNDcV2 axrgy dilference IS12 was 
6.9kuUmol, which representa! a slight improvement 
Over tbc cydoheXa0c system. la contrast with the 
cyckhexanc case, tbae was no high barrier between 12 
urd 14, the conform&on pan&t& txidg& as in 13.- 

Cram &a Tbc complex&o of cubocakru by 
‘crown ether8 h8s imp=- from synthetic and 
mechMiatk vkwpoints. we have studied the inter- 
actionoftheMecationwithcrownethersbyco~ 
anox~specks(MegroupdirectlybondcdtooneO 
8tom) with one in which the Me group lks above the 
center of tk macrocyck @ii 5). The crown ethers were 
cons&A to the& muidtntate conform&n.” RumIts 
uecolkctrdiaTabk1. 

The macrocycka rudera! sm lkformntions 
upon compkxdon which brought the 0 atoms closer 
toptba. Ikformationt were also observed upon 
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COtUpkMtiOn Of tbmpk ation8.- Ihe dkt was hr$t!r 
in tbC 8rmIkr C)‘Ctct w&CR tbc iatcractiun8 between tbc * . 
rubocpuonr ccatcr and tbc 0 rtom8 wa8 8hol@?St, a8 
jdgcd from bond order values. 

n 

IO 

hbk l.-forcrowaetherstMe’com~ 

CUlS-@ 
crownetbd Oxoaim Br&td !iz bE? 

9-cYowb3 1.359 1.234 1.124 2.3 
12erwd ml 1543 l.082 36.0 
I- 2.663 2.656 0.018 74.1 

l DiuMcuinA,a#derinwmof. 
bFar nomcncht~rc, see Ref. W. 
~fwrlrsY0afantotbtCea&f0ftbewfa&cd&ed 

bytbeOatoalr. 
4SumrmtiopdbondordasakuJutdacco&&taJkf.3~. 
‘Elqy diJrercacc bctwh tnid@d and oxonium rPcciu. 

~a~c~io~~~~r~~ 
&CCtCd i!l8dkr Cbergy didirrences bCtW&U b&&d 
UJd OXOltiUlll sptciw. %SlMlb i8 8UikkOtty hQe t0 
Prcomdate within its Cavity and witbaut 8Ub8tallti.d 
deformath8 8 pknu & cation. Tbc H rt&m8 are tbcn 
sitwed at H-bond&t diatancc8 from 0 atoms,‘” but 
tbcsjzckshb@lycaqcticductotbepcerekctron 
donation from the 0 atom8 to tbc cahc&Gc ceoter. 

‘he results pn8ettcd suggest ht compkxation of 
cubochasiutbc8enacdcacniisfavourcsibys&l 
crown ether8 and by su~~~~ in tbc cprbocuHm 
wbicbQnotcrcategrcatstcrichhhnceupoopyram& 
dalizatiM of tbc wntd C&On and wtlkb do not prcf- 
mntidy 8tabii a pluw cw&d~nic spe~ics. The 
we of otbcr ekctronegativc atoms. 8ucb as nitrogen, in 
tbc cruwn compound, may also favour compkxatioa. 

.4cbwrl~eafs--Tae utlbor wishes to cxpuss his #ra&ude 
toProf.H.D&nforbiseauxqcme ntanddvice.uldt0xr.3. 
WcQer for th iavahIat!& alp in the coolputa prqMunil& 
TEe8rw5drupportgiventoPrd,DahabytbeSwiuNathd 
!k.iaxc Foundation (Project No. 2.77272) is ~efdty WT. 
toowW. 
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