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We have recently developed a method for the syn- 
thesis of macmcyclic dimlo~ in the 
presence of alkali metal ions. without using high dihltbn 
tcchniqucs.’ Such reactions, sometimes calkd Yempkte 
reactions”. have been known for the last decade within 
the field of crown ether chlXni.9try, and several reviews 
have appeared.- The function of the ‘tempkte” is not 
fully understood. some mechanistic investigations 
concerning the ixd&ncc of the metal ion of the for- 
mation of crown ethers with different ring size have heen 
pIlbli.VhSLS Howevq the results are not unambiguous. 
For some rcactbns the existence of a ‘Yemplxtc effect” 
has heelI questbncd.w Kinetic mcasuremcnts of the 
formation of macrocyclic oligocthcrs have hecn made, 
and these indicate partkipatbn of the metal bns.‘0 

We now propose a mechanism for the formation of 
1,7,10,16 - tctraoxa - 4,13 - diazycboct&cane (2.2) 
hased on the yklds with Merent alkali metal ions 
present clad on the reaction kinetics involved. 

EEaJLTSANDDIBcus#)w 
The forma&n of the diDvcrown ethcz 2.2 can 

schcmatkaliy he represented by Scheme 1. The metal 

carhonatcsandhydrogencarbonatesareinsoh&kinthe 
SOhltSUSCd1’andth0.9thCUid-bfMCnrctioaiS8two 

phase readioa, which mtes the comsponding metal 
iodide. By-pFoducts arc, e.g. tri-. t&a- and polymas of 
A and B. By usiog Mueat metal u&mates we have 
foundthat2.2isformedinvaryingyklds(T* 1). 

Itha3hecnshownthatthccrowncthcrsformstrong 
compkxcs with the alkali bns in acetollitrik ” If 
dicycbhcxyl-l&roM is present in excess ov&octal 

T&k I. The yklds (4s) of 2,2 ia some soknts with diffcfmt 
xWimcwcaboMm. 
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'lb yield deaeutd to 4% if dicycbbcxyl-lScrown-6 was 
prcscnl in excess ovet u forrncd. 

saltformedinthereactb~thcpossih@forthemetai 
bntopartic+inthcringformatbnisrcstrictcd.In 
this experiment the ykld decreased from 27 to 496, which 
ckarly shows that the metal ion promotes the formation 
of a cyclic produn It is prow that the acyclic inter- 
mediate C forms complexes with the alkali ion.9 since the 
corresponding compkxcs with the cyclic 2.2 are strong 
in acetoaitrik.” Due to favoumble orientation of C in 
the complex [MC]+ the product 2.2 may he formed. The 
reaction pathways are iaustrated iu scbemc 2, where 
Ir& represent t& rate constxnta aad B the cquilii 
constant for coykx formation, which can he regarded 
as a fast process. 
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scheme2 

when the excess of solid potassium carbonate was 
char&fromt&efoldtotwofold,nodilTerenceinykJd 
wasobllaVed,~thattheacid-hascrcactbns,as 
expocted,PltfrstThcd&tformatbnof2,2fromC 
ha.9hl!cnex&Kkdduetot&verybwproh&uyofriag 
formation at the relatively high concu~tratbns used. ” A 
continPed~nof2,2withBwasalsoex~.Ina 
aqtara&e~tamixtureo~B~~~~~ 
(0.1 M) was nllnxcd in an ac&m&e 
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Solvent KI KOT8 XBPh, 

hO&OIlitrilO .lQOQ 100 3 70 30 

1,2-Dimmthoxy .3OOQ 3 2 
athum 

Dioxane 40 30 - 

lwchanol +lOOO 

(0.2M) over N&X),(s). No sigo&ant change of the 
startingmataialswasobservl!daftl!r3hr. 

Th+dof2,2slRnlkIbedQendentonthedeglecof 
socutmn of the complex IMC)‘, which is detamined 

Lbbythem&ndeoftheformatiLnlconstardandthe 
metal ion concentration. when acctonibik was saturated 
prith MI before the reaction started, the ykld did not 
mcrusc for M=Na or K. since, at kast for M=Na tbc 
-II &cased markaily (Tabk 2). this can only 
beexpkiaediftheformationcollstantissohighthatthe 
associ&m is complete even at low concal~ of 
M+.ForM=Csaslightincruue in yield, from 1s to 1796, 
was observed, which might pos&ly he due to a smalkr 
formation constant. 

The effect of incomplete association is mm 

prmmmcd in l&diWhoxyethane (T&k 1). As Na+ is 
stroo& solvatcd by this glyme.” the formation constant 
shoold be small. By increuii the concentration of Nal 
tosaWation(Tabk2)theykldincrea4from8to31%. 
In dioxaoc, the yidds are d&W, despite the equal 
so-s of NaI aod KI (Tabk 1). The bw yield with 
KzCO,iumethaool@bkl)isprobablyduetoweak 
compkx formation, which is substantiated by the bw 
forma&-m constult witb 2.2 (1.1 X MM-‘).I’ The best 
JkldSNCobt&CdWhClIthCilltaactionbCtWCClltbC 
metal ion and the solvent ij weak, which will favour 
fomlatbn of the complex (Mq+. 

Themostcommonlea~usedincrownti 
SyntheWl has been p-toluenesulfonate (OTS).” whea 
~swasuscdiastcadofIinacctonitrikwithK~O,as 
base, the yield was signScantly lowa (20 US 27%). ‘Ibe 
soloh& of KoTs is very bw, hut the K+ concentration 
amldbe~bysatnmtingthesoMonwithKBPh, 
(Tabk 2) and then the yield &cased to 25%. This 
i&atesthattbereisnomajormechanisticdi&ence 
b&VlXnbdidHandtosylates. 

Even though thm is complete asso&bn between the 
intermediate C and Na+ or K+ in aceto&&, the yields 

arenothigberthan44and27%,respectively.This5howr 
that [MC]’ reacts to give both byproaucts and 2,2 
(!Jchane2),aadthattherateofcyclisationand/orthe 
fatesofthesiderea&ns~M~ntforthetwobns. 

ThedisappearaaceofAandBandtheappearrurceof 
2.2wssfollowedbygic.ThepimaryamineAbadtobe 
converted to a corresponding imioc before analyses, and 
therefore the accuracy was lower than for B. The 
c-s iu concentration were compared with those 
ohtainedfromcomputersimulationsofthereac&msio 
scheme2ThesideN!actbnsofcareM!gk+&dsince 
thaeisalmostcompleteassociatbnwithM+and&2aod 
k, shoukl be smaller than 4. Therefore only L,, t h, 
and 4 are considered. The vaks of the rate constants 
which gave the best agreement are given io Table 3. In a 
sepante experiment with A in tenfold excess over B (0.5 

Ha+ 6.7~10-~ 4.2x1 o-3 1.7x1 o-’ 3.0x1 o-4 

rr+ 1 .2Xlfr2 5.OX1Q-3 5.0x1 tr3 2.5a10-’ 
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Pi. 2. conqmtw simulated yield UI time pronka far rhe far- 

and0.05hQ,thedisappeuenceofBwasfollowul,adb 
was formd to be 8.6 x lo-’ M-’ s-‘, which is in reason- 
abkagEementwithtbcvahlL?foraodium~from 
the simulations. Tin? deviation far pot8saium might be 
explained by the d&ant kaic medium. A computer 
simuktionwitbtheratecoMtaatsinTabk3,wps8lYo 
usetoextrapo&tbeykldof2,2.I3gurc2abowathttbc 
rcactAsarcalmostannpktcrfta3lu,dthcykldaarc 
inacadaccwithtbosciuT~1. 

ThefunctiolloftbepraaAlgioninthenrctionisto 
form a complex with * ring prscmsor and tbM to 
illcnaWthepro~ofringclonllre.ThisWmpkx 
canalsoreactwiththcstaIt@nmtaid,andtbelatcsof 
thcsc~&erminctbeykldofcycticpodudIn 
acetmdkthcpossibilityforthccompkxto~witb 
theiodideBismuchksswithNa*thPnK*ospromota, 
but the rate of cyce does WC chqjc. Howeva, if 
themetalioncomWdonislowaed/ortheformation 
collstantissmall,someoftheintamediatecmaymtbc 
as& and forms DO cyclic prodocL Thu8 both 
killcticandthcfmodyrmmicfactorsarccamtdl&the 
mechanism. 
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Tttuaohm&thcrllrlimecJialidautdttluarboatsrww 
ofaaalythllndeqtdityalldwe?cnKdw&hoatfwtha 

attiw.’ 
okamlymwacpuformed~rHuwktt-PK!kud5s3oA 

avrtrmwithrlm3%OVlOloatkomoabWcdumu 
-iMaddau~~wJidkB(lOmmol)wrcrdQdtorboiliug 

sotoafA(l0mmoI)iu2mloftolvantovaatmdnaety2roalld 
duimctdcdoa8te.Tilc~wu~for3In8ndtbm 
fked.TllcgkdyKawcfepufdonrdihltatrrmpkoftbe 
mtnte. 

Jf&dic4Mm~wkA~otnofB(4ml,101muol)wasad&dto 
r~~otaofABlml.lommol)ova60mmdRnclYaamd 
alUi&alcubo&inthec&ofNatbesoliaitwu 
0.2MNd in ac&oai& 
(0.05 ml each) m takei 
of2-bdpaoacova3~mobcular&vc~thpstamidngtbe 
n?wAon(theprimaryunblesMdtheLdoaenpidlyformim- 
~).Lthelarlyla,w~hmnpaiamedbyOk.thclmiae 
wadc&ctaiutbecarnpoadislimiarwith2-bdpaoae.~ 
iluwBalstdudtlsediutbcumlyxswutKcseotdmingtht 
rcxtiml. 
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