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T h e  exoer iment described below is designed t h  acquaint  the  -~~~ ~ . 
s tudent  w i t h  a macromdeculnr synthesis of'a c rown ether type 
comoound.  T h e  s t a r t i n r  mater ia ls  are read i ly  avai lable a n d  
t h e  product ,  a cycl ic polyether,  I lelongs t r ~  a class 01' corn- 
pounds t h a t  has aroused the interest of chemist  a n d  hinlogist  
alike. T h e  exper iment has been successl i~ l ly  carr ied o u t  m a n y  
t imes b y  sophomore urgan ic  students. 

Introduct ion 

I n  1886 Haeyer disrovrred th;d pyrrole n ,dd  1," e<mdensed with 
aretone in the presrncr I~yd ro~h Iu r i c  w i d  as a mlalyst  to yield a 
porphyrin-l ike macrcwyrlr,. i trtwturt, I s  t i ) .  

1 

la: X = NIX: R = R' = CI1, 
rb: X = 0: R = alkyl. R' = aIkyI 

Suhsequenl in\.eslip,ittiuns rrveded that macnaycli~. pulyrlhrr.; IIh1 
were h r m e d  when furan and vnr iws ketunw were wndrnsrd  \.i;i ;i 
,norlifierl Haryrr  procedure. (2-5). 'The pmr t i ra l  i m p c ~ r l m w  of 
macrwgrl i r  prlyethers wits not reslizsd unt i l  l!llii. when ('h:dr*.l. 
I'edersen 01 1)oI'onl relmrted thiit Grnul, I A  metal s;dta could Ire 

"Crown Ether" Synthesis 

An organic laboratory experiment 

s 
Rubtdbum thlocyanate d8benral 181 crown-6 complex I91 

Furan-acetone Macrocycle ( 1, 1.6,6.11. 1 I. 16, 16-Octamethyl- 
21.22.23.24-tetraoxaquaterene: Ib. R = R ' =  CH,). 

, ~ / c l / ~ d  I .  'To :an iw.cr>Id mixture c t l '  9 . h  c t h ~ ~ n o l  115 ~ndl and c o w  
c r n t l x t d  hyrlndll<,ric ind IS in11 in ;I 12:-ml k M u t \ m ~ y r r  i lnskadd 
~ e t c t n e  !"I, 11.2 nwl) mu1 iurm I7 ml.O.1 moll. A l l c ~ ! ~ t l ~ ~ ~ s l ~ ~ ~ ~ ~ ~ ~ r e ~ ~  
llaak t o s t i ~ w l  at nmm tmq~r r ; r tw r  IcBr at lhmt f~~t~rdi~ya.: ' ( :o l lect  the 
gcddm-yrllrw *em-solid hy surtirm i i l t r i t tm :  wash th r  ~mx luc t  with 
t h r w  l i t&ml  p,rtiuns iol'wnlrr :sod p r w  dl.) i t  lhurooghly. The yield 
d c ~ w l r .  m.wrcryr.l~ is 6 11 C. Ciyilalli;.alim Trrm tdurnr 1-75 ml lg 
01 crude { m d w l l  alCwds thv desired mntrrinl, n white srrlid 115% 
4-&3y r ~ ~ n c t i ~ ~ ~ ~ : : I ~ l ~ ~ ~ . ~ - ~ v ~ ~ ~ k  r w ~ t i w l :  tn>p 2:GXW Ilil. I/./I, 24:i°C'l; 

Further Studies 

8 8 
The preparation o f the  marr~,ryr l i r  pdyethers described heluw is (-4h-<,-<.-) 

a onestep synthesis, easily wm~de t r r l ,  i n  two tw<~-h<wr  lal~c,ratury 
periods. Enhanred yields <,I the desired p n d u r t  are c,hl;~ined when 

I I 
units. I'rdersrn ~lvsign;urd III~.F(. t n n t < , d ~  :I- ' ' ~ . rmvn ~ l h e r ~ "  since 

si111s of gr0t1p 1. ~TIIUI> I1  I / /  I. or certain t r a n d i o n  I 121 mc.lals are $1 ~ n ~ d w u l a r  mudd  < t l ' > t  typic,tl w m ~ ~ l e x  whemhIe< regal crown. 
added to the reilrtion m i x ~ n r e  (Method Ill .  A ~ r ~ ~ i ~ r r n t l y ,  the added : 'Stirr ing ~n,agnrtivally mhancrr  the y id r l  1111ly R IUw 1pwccn1. 
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C H B C H 2 ) ,  1.88(q,2.0, J = 7.2Hz,CH3CH2),5.92(s,2.0,CJ120)].The 
infrared spectra of these molecules are quite similar to those of the 
furan-acetone macrocycle. 

Heterocycles other than furan might be tried in thissynthesis, al- 
though our limited efforts in that direction have not been successful. 
Carbonyl compounds other than simple ketones might also be in- 
vestigated. The effect of adding variousmetal cations on the yield of 
polyether might he studied as well as the role played by the anion 
(12). 

Questions 

1) Give a possible mechanism for the acid catalyzed formation of the 
macrocyclic polyether from furan and acetone. 

2) Would theeondensation of furan with 2-butanone yield steroiso- 
merie macrocyclic polyethers? 

3) Compound Ib does not form stable complexes: however, the 
completely saturated analog strongly binds to cations. Offer an 
explanation. 

Acknowledgment 

W e  are  grateful t o  t h e  Bradley University Board for Re- 

search and  Creative Production for support of a portion of this 
work. 

Literature Cited 

( I )  Baeyec,A..Bcr., 19.2148 118861. 
121 Hale, W, J., MeNally. W, D.,snd P8ter.C. J . , J  Amer Chem. Soc, 35.72 11906):Thes, 

authors synthesized the first macrocyclic polyether eontainingafursn subunit (eq. 
1h: X = 0, R = R' = ethyl), thestruetvreuf which waselucidatedfifty years latar 
(3). 

(:I) Beals, R. E., and Brown, W.H., J. Ore. Chrm.  21,447 119561. 
14) Brown, W. H., Hutchinson, B. J., and MaeKinnun, M. H., Con. J .  Cham., 49,4017 

(19711, and references therein. 
IS) Kohuke, Y., Hanji, K., Huriguchi. K., A s d a ,  M.. Nakaysm, Y., andFurukawa, J.. J .  

Am. Chem., Snr .  98,7414 (1976). 
16) Pedemn,C.  J.,d Am. C h m ~ S o c . ,  89,7017 119fi71. 
17) Frensdorfi, H. K.,Pedersen,C.J.,Anpeu. Ch~m. . ln t .  Ed. E d  11.16 11972). 
161 Christensen. J .  J..Eatough,D. L a n d  Icatf, R. M.,Chom. Raa. 74 .11  11974). 
I91 Rright,O.,andTruter, M. R . , N o i u r ~ ,  225, 179 11970). 

1101 Sam. D..l.,and Simmons, H. E.. J .  Amrr. C h r m  Sol . ,  34,4024 119721. 
I l l )  Chartretle. M..and Chastmtta. F.. J .  Chem Soc.. Chsm. Cammun.. 534 (19791. 
1121 ResLA. J..Smith.S.A..andTyler. I. D..lnorR. Chim.Acto.. 16.21 11976). 
1131 The toxicological oiiects "ithe macroeyelie pdyctharr are under invetigalion: Leong, 

R. K . .  ., Chem En#. Neurs.. 53.511975). 
1141 Nowkome. G. R., Sauer ,J .  D., Ruper, J. M.. and Haw?, D. C.. Chem. Re". 77,513 

119771. 
Ilbl Crmr. A. H. J.. Stevens. S. G. E..and W s W T  H. E.. J .  Appl. r h e m  (London) 7,662 

119571. 

270 1 Journal of Chemical Education 


