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Abstract-A series of macrocychc elhcr-eslers has been prepared by treating various glycols with adipoyl chloride 
and various subsrituwd malonyl. succinyl and glu~aryl chbridcs. The prepared compounds include: IS-ethyl- and 

IS.phenyI-1.4.7.10.13~~n~~xacyclohexa (5 and 6); 15.methyl.. ISpknyl-. cir-cyclohexo-(o)- 

and bcnco-[o]-1.4.7.10.13-pcn~aoxacyclohept~ec~e~14.17dionc (7-10): rranr.franr.1.4.7.10.13.18~1.!4.27.3(Me- 

caoxacyclo~c~rarriaconlane-IS~2dicne-14.11.31Je~elnonc (II); 1.4.7.10.13-pcnlaoxacycloocladecanc-14.18dione 

(12): IS.l~.16.16.17.17-hex~uoro~ and Ibmerhyl-l.4.7.10.13.pen~eoxaryclooctadecanc-14.18 (13 and 14); 

1.4.7.10-rcrraonacyclohexadecane-ll.lbdione (ISI; and 1.4.7.10.13-pcn1aoxacycb~n~ecane-14.1ne (16). 

The synthesis and unique cation complexing charac- 
teristics of cyclic polyethers were first reported by 
Pedcrsen’ a decade ago. Since that rime a large variety 

and numhcr of macrocyclic compounds have been pre- 
pared’ and their cation complcxation properties have 

been studied extensively.’ ” It was originally postulated’ 

and since confirmed hy stability constant measure- 
ments’.’ that a qualitative relationship exists between 

complex stability and the ratio of cation diameter to 

ligand cavity diameter. However, it is becoming in- 
creasingly evident IhaI complex stability in these com- 

plexes depends significantly on other cation and ligand 
parameters. For example. K’ and Ba” have nearly 

identical ionic radii (1.33 and 1.34 A. respectively).” and 
one would intuitively predicI. on the basis of elec- 
trostatics alone, that the stability order Ba” > K’ would 

hc found for complexes where the ligand cavity would 

accommodate these cations. Although thermodynamic 
data are not available for all systems. there have emer- 
ged a number of examples where stability orders of 

Ba” -K’ and K’ > Ba * exIs1.’ One of our research 

objckes is IO prepare molecules which will allow us IO 

systematically examine the parameters which affect 

complex stability and IO understand that stability in 

terms of AH and TAS values for complex formation. 
We have previously reported the synthesis of several 

Ihia-crown compounds.‘*-” Also, we have reported the 
synthesis of ether-esters (1. 2).‘.‘b.‘7 IhiocIher+sters 

(JI.” ether-IhiolesIers.” amine-esters.” ether<sIer- 
amides (4)” and ester-amides.” A preliminary in- 

vestigation of the reaction in methanol of Na’. K’ and 
Ba” with I and 2 has been reported.* The stability 
orders K’ > Ha” and K’ - Ba” found’ for 1 and 2. 
respectively, arc quite different than that found for 18- 
crown-6 (Ha” > K’). The cyclic antibiotic valinomycin 
also shows selectivity for potassium over barium in 
methanol. The synthetic compounds I and 2 have CO 
groups available for cation complexation as does val- 
inomycin. The significance of this observation was that it 
demonstrated the possibiliry of preparing macrocyclic 
compounds containing CO oxygen donor atoms which 
will have cation selective properties closer IO those of 
valinomycin and other naturally occurring cyclic an- 

tibiitics. Such synthetic compounds may prove useful as 
models for the investigation of biological cation transporr 

and selectivity processes.’ 
In this paper we report the synthesis by reaction of 

appropriate glycols with diacid chlorides’b’* of ether- 

ester compounds and several of their substituted deriva- 

tives (SM. Fig. 2). The metal complcxation properties of 
these compounds are under investigation and will be 

reported separately. 
The preparation of certain macrocyclic ether-esters 

has been reported previously. Drewes et a!.‘* ” have 

prepared several macrocyclic di- and IetraesIers from 
phthalic and maleic acid moieties. They treated the dipo- 

Iassium salts of phthalic and maleic acids with a series of 

alkyl and alkynyl dibromides to make l&34 membered 
ring compounds. Their compounds differ from those 

described here in that they did not contain the repeating 

ethylene oxide units. 

ILEFL’LTS AND m.WuWW 

The compounds shown in Fig. 2 were prepared from 
the appropriate diacid chloride and tetracthylenc glycol 

(except for 15 where Iriethylene glycol was used). For 
example, compound 6 was prepared from phenylmalonyl 

chloride and tetraethylene glycol: compound 14 was 

prepared from 8-methylglutaryl chloride and tc- 

traethylene glycol (Fig. 3). These reactions were carried 

out in high dilution by adding the starring materials from 
scparidle dropping funnels IO benzene al 45”. Yields ran- 

ged from < I% to 37%. The compounds which gave the 

highest yields were generally distilled (1837%) and were 

either mono-substituted with small alkyl chains or had no 
cubstituIion. The compounds giving the lowest yields 
generally had unsaturated C-C bonds. These were 
isolated by extraction with hot hexane and then recry- 
stallized, or by column chromatography. 

The sIrucIures of all macrocyclic cther+sIers were 
consistent with those derived from rhe IR and NMR 

spcclra. elemcnlal analyses, and molecular weight 
determinations The esters exhibited the expccred IR 
band at 17ltLl74Ocm ‘. The fluorine substituted com- 
pound (13) gave an IR band at 178Ocm ’ as expected.” 
The NMR spectra were particularly instructive. The 
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ether CKH, groups exhibited NMR peaks at 6 3.7 _+ 0.1 

as expected. The ester COKH, groups exhibited NMR 
peaks at 6 4.3 z 0.1 similar to the chemical shifts found in 

the COOCHl groups of various diethyksters.” The C,H. 
and CaH, groups show NMR peaks at 6 7.33 *O.OS. The 
Me groups of the Me and Et substituted compounds gave 
NMR peaks at 6 1.1 20.1. The vinyl hydrogens of com- 
pound 11 exhibited an NMR peak at 6 6.91. 

Synthetic substituted macrocyclic compounds may 
prove to be of great value. It is known that in benzene. 
dicyclohexo-l&crown6 will dissolve potassium per- 
manganate to form “purple benzene”.U The per- 
manganate can then be used togerfonn oxidation reac- 
tions in benzene in high yield. A desirabk factor in 
crown preparation is to form crown compounds which 
offer more hydrocarbon character, like valinomycin. on 
the outside of the metal-ligand complex. The greater 
hydrocarbon character allows greater solubility of the 

complex in the organic solvents. Hence, we present a 

method and give a few examples of introducing hydro- 
carbon character into the crown compound. 

Compound 10 was isolated as a monohydrate. We have 
previously observed that the macrocyclic etherxster and 
etherxster-amide compounds were hydroscopic and, 
indeed, some were isolated as hydrates.” Compound 11 
is unusual in that it was formed by the reaction of two 
diacid chlorides and two glycols giving a 34-membered 
ring. We were unable to isolate any such his-adducts in 
our other ether-ester forming reactions.” Since we were 
able to form macrocyclic ether-ester compounds of 22- 
ring members containing the maleic acid moiety.“ it is 
possible that the tmns double bond requires a larger ring. 
It is also of note that compound 11 is nearly the same 
size as vahnomycin which has M-ring members. Even 
though 11 may exist in more than one isomer, no attempt 
was made to separate the isomers. 
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All IR spectra were obrained on a Hilgcr and Watts H-1200 
Infragraph. A Varian EM-390 spcctropbomcter was used IO 
obtain fhc NMR spectra. The ekmcatal snalyscs were performed 

by Galbrairh Iabcrarorks. Knoxvilk. Tennessee. The molecular 

weighIs were determined by osroometry using a Hitachi Perkin- 

Elmer II5 Mokcular W&I Appam1us. Mps arc unconec1cd. 
Sroning morrri& Some starting diacd chlorides were pur. 

chased: pertlwroglutaryl chk&dc (PCR). o-phthaloyl chloride 
Mdrich). fumaryl chforide tAldrich). gfutaryl chforide (Aldrich). 

and adipoyl chloride (MC&. Other diacid chlorides were pre- 
pared from ibc corresponding dir&d: etbylmalonic acid (Parish). 

phcnylmatonic acid (Parish). and phenylsuccinic acid (Parish). If 
1he diacid was not readily availabk. it was prepared from rhc 
an’lydridc using shrincr’s merhod.” The anhydrides were pur- 

chased: me1hylsuccnuc anhydride (Aldrich). rir~l2-cyclohen- 

ancdicarboxylic anhydride (Aldrich) and 8-mcrhylglutaric an- 

hydride (Aldrich). The glycols were purchased: tne1hylenc glycol 

(Baker) and tetrae1hyknc glycd (Aldrich). 

Grnmrl synfhuis. The diacid chlorides were prepared by one 

of IWO methods. The tin1 method involved ~hc addition of PCI, 

IO a mixture of the diacid in cold stirring chloroform. ‘the 

mixrurc was slowly warmed IO retlux 1emp. and gcnlly rcfluxcd 

until gaseous HCI ceased 10 be evolved. After removal of rhc 

chloroform and FQCI,. the crude diacid chloride was purified by 

distilla1ion under reduced pressure. The second mcrhod involved 

the addition of SOCI, 10 a mixture of the d&id. pyrrdine and 

benzene s1irring al room temp. Afier 3 hr. the benzene was 

removed by evaporation. and rhc pyridinium hydrochloride was 

removed by filtration In this procedure the diacid chloride was 

DOI puritkd prior IO UK. The following diacid chlorides were 

made by Ihe first melhod: ethylmalonyl chloride, phcnylmalonyl 

chloride and methylsuccmyl chloride. The following diacid 

chlorides were made by the second method. phcnylsuccmyl 

chloride. cu~13-cyclohexancdicarboxylic acid dichloride and g. 

mcthylglutaryl chloride. All diacid chloruks cxhrbikd a charac. 

lerislic IR band a1 175&lg10cm ‘. 

The macrocyclic compounds were prepared by rcacfing fhc 

diacid chloride with the appropriarc glycol. The glycol and the 

diacid chloride each dissolved in 2% ml of benzene were slowly 

added scmul1aneously IO 800ml of s1irring benzene at 45’. The 

mixlure was stirred al 45-5U’ for at kasi 3 days. After ihe 

rcaclion was stopped. bcnzenc was removed under reduced 

pressure. The crude producl was then purihed cirher by distil. 

lation. extraction wtth hot hcxane and rccrystalhzation. or by 

chromatography on alumrna using hcxanc with Increasing 

amounls of chloroform as the eluanl. Specitic derails are grvcn 
for each compound. 

I5 Ethyl . 1.4.7.10.13 . p~ruoxacyclohexodrranc 17.19 . 
done (5). Erhylmalonyl chloride (IO.58 g. 0.063 mole) and le. 
uac1hyknc glycol (12.24 g. 0.063 mole) were used. A portron of 

[he producl was dis1illed 10 give a viscous. colorless liqud 
(2.27g. 28%). b.p. 14&148/0.17 mm; IR. 174Ocm ‘: NMR. 6 0.97 

(1. 3H. Cfj,). I93 rm. 2H. CHJH,). 3 34 (I. IH. Cijr. 3.65 (I. 

l2H. Cfj,OCfj,). 4.30 tm. 4H. CUKHJ tFound C. 53.66; H. 
7 61: mol. WI.. 287. Calc. for C,,H,O,: C. (3.77: H. 7115%: mol. 

wt.. 290). 

15 - Phmyl . I.4.7.10.13 pnfooxocy~loherodrc-onr 14.16 - 
drone (6). Phcnylmalonyl chloride (27.90. 0 129mok) and IC- 

1racthyknc glycolt25.Og. 0.129 mok) were used. A portton of ihc 
producl was firs1 extracled wi1h ho1 hexanc 1hcn recrysrallrud 

from bcxanc lo give a whuc solid (8.28~. X%c). mp 83 5-85”; IR. 




