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The cyclo-oligomerization of oxirane and aziridine and their derivatives in the presence of BF 3 leads to the 
corresponding macroheterocyclic compounds. Crown compounds with exocyclic alkyl, aryl, or functional 
substituents are formed in the reaction of alkyl-, aryl-, and functionally substituted oxiranes or aziridines 
with dinucleophilic reagents with subsequent intramolecular cyclocondensation of the reaction products. 
Methods for the synthesis of cryptands that are based on the reaction of diazacrown compounds with 
diglycidyl ethers of  oligoethyleneglycols are described. The reaction of tosylaziridine with a,~- 
alkylenediamines leads to tetrakis(p-toluenesulfamidoethyl)alkylenediamines, the cyclocondensation of 
which in the presence of l 2-dibromomethane under interphase-catalysis conditions gives the corresponding 
cryptands. 

In 1967, the American chemist Pedersen synthesized macrocyclic polyethers (crown ethers) and investigated their 
complexing properties with ions of alkali and alkaline-earth metals [1]. The carcasses of crown ethers consist primarily of 
oligomers of oxirane that are bonded with one or several benzene or cyclohexane tings. Each heteroatom in the macroring is 
separated from the adjacent heteroatom by two carbon atoms; the most effective complexing agents have been found to be 
macrocyclic polyethers that contain from 5 to 10 oxygen atoms [2]. Most crown ethers have been obtained using the 
WiUiamson reaction as applied to bifunctional compounds, i.e., by the reaction of aromatic diols with a,m-dihalo- 
oligoethyleneglycols in the presence of alkali metal hydroxides [1-4]. The principal methods for the synthesis of crown ethers 
that are not bonded with benzene or cyclohexane rings are the reactions of oligoethyleneglycols with ditosylates [5, 6] or with 
oligoethyleneglycol dichlorides [7-9]. The enumerated methods require the use of relatively costly starting substances. In this 
connection, of great attraction is a method for the direct cyclic oligomerization of oxirane and its derivatives, which leads to 
crown ethers based on cheap and accessible industrial products. Of great promise is the use of diglycidyl ethers of 
oligoethyleneglycols, which have high reactivities, as well as aziridine and its derivatives, in the synthesis of nitrogen- 
containing crown compounds. At the present time one can single out four basic pathways for the synthesis of 
macroheterocycles that use three-membered heterocycles as synthones: 1) the cyclooligomerizafion of oxirane and aziridine 
and their derivatives; 2) the cyclocondensation of acyclic derivatives of three-membered heteroeycles; 3) the cyclization of 
bisoxiranes and bisaziridines; 4) the synthesis of cryptands on the basis of oxirane and aziridine derivatives. 

A partial description of these methods of synthesis has been presented in several review papers and monographs [10-15]. 
In the present review data to the use of three-membered heterocycles in the synthesis of crown compounds and cryptands that 
have been published up to the end of 1988 have, as far as possible, been exhaustively correlated and systematized. 

CYCLOOLIGOMERIZATION OF OXIRANE AND AZIRIDINE 
AND THEIR DERIVATIVES 

The cyclooligomerization of oxirane has been studied in detail [16, 17]. In the presence of BF3 at room temperature and 
atmospheric pressure oxirane gives a mixture of cyclic oligomers that consists primarily of dioxane (40%) and macrocyclic 
polyethers. The yield of the latter is relatively low, with the exception of 12-crown-4, which is formed in 15% yield. 
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The reaction proceeAs in inert solvents such as benzene, dioxane, and alkanes. Dry hydrogen fluoride is used as a 

cocatalyst. Phosphorus and antimony fluorides have also been found to be effective catalysts, while only polymerization 
products were obtained when SnCI4 and SbCI3 were used. The I.~wis acids AICI3 and FeCI3 have been found to be 

ineffective, while chlorosulfonic acid and p-toluenesulfonic acid react with oxirane to give polyethyleneglycol polyethers. 
Higher yields of crown ethers are observed when tctrafluoroboratcs, fluoi'ophosphatcs, or fluoroantimonatcs of alkali, 

alkaline-earth, and some transition metals are added (Table I). 
The products of cyclooligomerization of oxirane in this ease are complexes of crown ethers with metal salts. The 

isolation of the free ligands is accomplished by pyrolysis at reduced pressure. The metal salts act as template agents; it has 
been established that halide and sulfate anions of the salts, being relatively highly basic, neutralize Lewis catalysts rapidly and 
are therefore unsuitable for the cyclooligomerization of oxirane. In addition to this, these anions decompose the crown ethers 
during the pyrolysis, which leads to additional chromatographic purification and a decrease in the yields of the final reaction 
products. The use of tctrafluoroborates, fluorophosphates, or fluoroantimonatcs of metals satisfies many requirements. The 
anions of these salts, just like the catalysts, do not form terminal groups that can hinder cyclization and promote the 
formation of polymers. Complexes with such anions arc easily isolated from solution, since they are only slightly soluble in 
neutral solvents as compared with complexes that contain halide or sulfate anions. The BF4-, PFc, and SbF6- anions are 

inert and do not decompose the cyclopolyethers during pyrolysis of tlm complexes. 
The cyclooligomerization of oxirane catalyzed by a trialkylaluminum leads to the formation of dioxane, 12-crown-4, and 

polymeric reaction products [18]. 
The cationic cyclooligomerization of some alkylene oxides, including oxirane, has been studied relatively recently [19, 

20]. When KBF4 is used as the mmplam agent, oxirane undergoes oligomerization to give a mixture of 15-crown-5 and 18- 

crown-5 in a ratio of 1:9, ~tively. The reaction products arc isolated in the form of complexes. A significant part of the 
products of oligomerization of oxirane is the linear oligomer. The authors 0.,cbedev and coworkers) feel that the nature of the 
monomer and the catalyst and the conditions under which cationic oligomerization is carried out affeet the yields of the crown 
ethers to a significant degree. 

Propylene oxide in the presence of (C2Hs)3OBF4 or BF3 undergoes oligomerization to give primarily cyclic mtramers and 

pcntamers, while 1,2-butylene oxide and cpichlorohydrin arc converted primarily to 12-membexed cyclopolyethers [21, 22]. 
Aziridine derivatives undergo oligomerizadon primarily with the formation of cyclic tetramers. Thus, for example, l- 

bcnzylaziridine is converted almost quantitatively to 1,4,7,10-tctrabcnzyl-l,4,7,10-tctraazacyclododecane (2) by the action of 
p-toluenesulfonic acid in refluxing ethanol [23] (see scheme at top of following page). 

T A B L E  1. Yields o f  Products in the Cyclool igomerizat ion o f  Oxirane  in the Presence o f  

Metal Salts  

Salt 

LiBF4 
NaBF4 
KBF4 
KPF6 
KSbF6 

RbBF4 
CsBF4 
Ca (BF4)2 

Relative yield, ~, 
i 
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5O 

15- 182 
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Relative yield, % 
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Cyclic [etramers were also obtained by oligomerization of l-benzyl-2-ethyl- and l-benzyl-2- 
(gthoxycarbonylmethyl)aziridings in the presence of boron IIifluoride etherate [24~ The resulting mixture of isomers of 
chir~ macroheterocycles was scparat~l into stergoisomers, which were isolated and identifie~L 

The oligomerization of substituted aziridines, the principal products of which are not only cyclic [elFamers but also 
cyclopentameric polyamines 3, has been described [27]. 

CH~CHzR 3-~ 

N R ~ R 2 .,>(' /~R2 
R1 / \N 

CH2CH2R ~ 

3 

n = 2-7; R 1 = R 2 = H, alkyl R 3 = H, OH, cN, RCO 2, NHCOR, CONHR, NHCON- 
HR, NHCO2R, OR (R = alkyl, aryl, alaryl, aralkyl, alkenyl, or OH) 

The reaction of aziridines with 1,3-dienes catalyzed by palladium leads to cyclic polyamines 4 in high yields [28]. 

R 2 R ] R ~ 

v 
R ~ " "  R" Lj~3 , 

/ 
R 1 

n = O, 1, 2; R 3 = CH2-CH=CH(CH2)3CH=CH 2 

An electrochemical method for obtaining macrocyclic polyamines, which is based on the anode oxidation of substituted 
azirialnes, is unique [29]. 

§ pathway / pathway 
CGHs-CH==Nq ~-~ -H- C6H~CH2N q Pt m- 

The oxidation of tertiary amines usually leads to iminium salts (pathway 2) [30, 31]. At the same time, the anode oxida- 
tion of 1-benzylaziridine, depending on the conditions, gives macrocyclic polyamine 2 in 43-80% yields (pathway 1). Elec- 

l~i~a~tion 5 -e- - S + on ~ unode burder 
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( c ' / ' ~  

I / 5 " 5 3 )  .+ _ _ _ _ .  r . *  I 
I 

propagation : T" + § S ----- T * 5' 4 

te~irmtion, _~'+ or 7 +~ iminiun salt 

S=l-benzylaziridirm T = tetxamer 
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trochemical tetramerization proceeds through the formation of a radical cation via the direct or indirect transfer of an electron 
(see scheme on bottom of preceding page). 

On the other hand, this transition is possible as a result of chemical oxidation (H + or some metal cations), which is ac- 
celerated by means of photoillumination. The experimental results show that the deprotonation of the cation radical, which 
leads, in the case with tertiary amines, to iminium salts, is excluded in anode oxidation, and the reaction proceeds as a result 
of rapid opening of the three-membered ring, which leads to the formation of cyclic tetramer 2. 

CYCLOCONDENSATION OF ACYCLIC DERIVATIVES 
OF THREE-MEMBERED HETEROCYCLES 

The development of the chemistry of crown compounds and cryptands has led to the synthesis of a large number of new 
polyfunctional hetero-containing acyclic compounds that are the principal starting components in the formation of 
macroheterocycles. In this connection three-membered heteroeycles find extensive application as synthones. Their reaction 
with bifunctional nucleophilic reagents leads to an increase in the chain length and functionalization of the resulting linear 
compounds due to opening of the three-membered ring. The cyclocondensation of the latter leads to macroheterocycles with 
exocyclic substituents. 

A large number of crown ethers 6-12 with exocyclic alkyl, phenyl, allyloxy, butoxy, phenoxy, and benzyloxymethyl 
substituents as well as cyclohexane rings, have be.en obtained on the basis of substituted oxiranes [32, 33]. 

Rz R 7 R ~ 

�9 , n , 0 O / . R  O I t 0  0 0 O H  
N a H ( K H )  TsCI.  N s O H  -% 

R a R '  (KOt l .  L i l l )  j x  
n-1 

~ o o 

HO 0 0 OH 6 -  I0 

n=2 - 5 5 

' ' c" ""- ..0 0 
§ - - - . l i d  ---- ~ i 

/ -  ' (tag) t ~ "0 0 .-z 1 - -  l lO O 0 Oil . . . .  

I I 0  0 OH 

n = 2 , a  I I .  I ~' 

6 RI=H,  n=3 ,  R:=Clta,  C..,I-I~, CsH,a. C~tlI:, CioH.~l, C,ail~s, C~II~. CH.~==CI-tCH.~OCHe, 
C41-19OCI-I~, C~HsOCI-t2, CtHsCI-I.~OCH_< 7 R l=H.  t l=2, R2=CeHs, Ctt-lsCH2OCH2; 8 Rl=l-I. 
/1=4, R2=CtHs, CsHir, CmH21; 9 RI=H.  t t=5,  R~=C~01-1~l, CI2H2s; 10 Rt=R2=CHs.  n = 3 :  

!1 tz='2:12 n : 3  

Substituted oxiranes react with oligoethyleneglycols in the presence of sodium or potassium hydride on heating in 
dioxane to give mixtures of oligoethyleneglycols 5 in a maximum yields of 73%. The intramolecular cyclization of isomeric 
oligoethyleneglycols $ was carried out without their prior separation by means of p-toluenesulfonyl chloride and alkali metal 
hydroxides or lithium hydride. The yields of substituted crown ethers 6-10 range from 19 to 70%. Cyclohexane crown 
ethers 11 and 12 were similarly obtained in a maximum yield of 61%. 

Macroheterocycles that contain additional donor atoms in the side chain have been called lariat (lasso) crown ethers [34- 
36]. During complexing with alkali metal cations cyclopolyethers of this type encapsulate the cation into the hollow of the 
macroring and throw a "lasso" on it - a flexible side substituent, the donor atom of which forms an additional bond with the 
metal ion. The stability of the complex is increased due to this. The introduction of side substituents into the macroring is 
accomplished by using fucntionally substituted oxiranes as the starting compounds. Thus, the scheme of the synthesis of 
lariat-15-crown-5 has the form shown in the scheme at the top of the following page. 

The reaction of epichlorohydrin with alcohols or carboxylic acids in the presence of BFs leads to monoglycidyl ethers 13 
which, as a result of opening of the three-membered ring under the influence of HC104, form substituted diols 14. The 
reaction of the latter with tewaethyleneglycol ditosylates or dimesylates in THt: in the presence of NaOH leads to lariat-15- 
crown-5 15 in 30-70% yields. 
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.- CII~CI BF~ CH-OR HCIO,. H~O 
N x + ROll - " ~ - ----- CH---CHCH20R 

0 NaOll 0 ' " ' 
O1t Oil 

13 
14 

/ K H : O R  

rsOCHrlCH:OCII:.) ,CHzOT~ \ 
\ / 

0 13 

15 

R=CH.~. CH.~CH=CH2, C~HT, C4H9. i-C,Ho. Si(CH3)z, C,61q3.~. OCCH~. OCC3Hr. OCC,sH3, 
CH~CH~OCH3. CH~CH.~OC4H.. CH:CH (OH) CH.~, (CH?CH~O) :CHs, (CH2CH~O) 3H. 
(CH2CH.~O),~CHs, C6Hs, C~H~CH2, 2-, 3- and ~, met.hoxyphenyl, 2-maphtahyl, 8-xynolyl, 0CO s Hs, 

OCC~H~OCH~-4, OCCsH~NO~-4, 2-CI-I~OC~H~(CH:).., 2-CH~OC~H~CH~CH(OH)~ 

Hydroxymethyl-substituted crown ethers 17 were obtained on the basis of the industrially accessible allylglycidyl ether 
and oligoethylene glycols [37]. 

~-7-.--~\ /~CH_--CH 2 + ~ / ~  }(OH. 8 0 ~ C  

O 0 RO 0 OH 

H 0/--~-~0/--~-~0/---~ 20CH2CH'CH2 

C,/120CH2CH=CIt 2 

t!O 0 ~ () "3H 

f__~ CHzOCH2CH=CII2 
TsCI /LIH ( n = 2 )  5~ P d / C .  70~. HCIO 4 / - - " ~  CH;tOH 

NaOH (n=3), KOH (n=~) 0 0 ~" 0 0 

I~  17 

The reaction proceeds in the corresponding glycol at 80~ in the presence of KOH. The 
allyloxymethyloligoethyleneglycols obtained in this way underwent cyclization in the presence of p-toluenesulfonyl chloride. 
Lithium hydride and sodium and potassium hydroxides have been used as template agents. Thus allyloxymethyl-12-crown-4 
was obtained in the presence of lithium hydride. Sodium hydroxide has been used for the synthesis of allyloxymethyl-15- 
crown-5, while potassium hydroxide has been used to obtain allyloxymethyl-18-crown-6 (45-66% yields). Deblocking of the 
allyloxymethyl-substituted crown ethers 16 includes a step involving isomerization of the allyl ether to 2-methylvinyl ether 
by the action of 5% Pd/C and subsequent acidic hydrolysis. The yields of hydroxymethyl-substituted crown ethers 17 ranged 
from 79 to 90%. 

Hydroxy-containing crown ethers were also obtained by the reaction of epichlorohydrin with diphenols 18 [38, 39]. 

"~%/'~"- o y j o  -'~-..@ ~ 

18 l g  

19 Y=CH~CH2, CH2CH2CH2, CH~CH(OH)CH2, CH2CH2OCH2CH~, CH2CH(CH3)OCH~CH2, 
CH~CH (C2Hs) OCH2CH~, CH2CH2OCH2CH2OCH2CH2, CH2C (O) NHCH~NHC (O) CH~ 

The reaction proceeds in aqueous solutions of alkali metal hydroxides, which act as template agents, to give 
hydroxydibenzocrown ethers 19 in 39-60% yields. 

The concerted bromination of chloroprene with oxirane, which leads to the formation of a mixture of three reaction 
products (20-22), has been studied [40]. 

Dibenzo-18-crown-6 (23), which contains a-chlorovinyl groups in the polyether ring, was obtained by the reaction of 20 
with 1,2-dihydroxybenzene under high-dilution conditions. 
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The use of monoglycidyl ethers of oligoethyleneglycols in the synthesis of crown ethers is promising owing to their 
accessibility and high reactivities. The intramolecular cyclization of these compounds in the presence of boron fluorides, 
alkali metal hydroxides, or alkali metals leads to monohydroxy-containing crown ethers 24 in 35-48% yields [41-43]. 

( --o i } .  i . : 
{ - -  / - - O  O ~  

,~--7 "--'~, /'-~ ~f,, / ,- _---4.. 0 0 " \\--0" 
0 O 0 0 If \ / It O ~ ' .  , 

' - - O  O - -  

t l =  1 - : 1  -'%1 2 5  t l = 0 , 1  

When LiOH and KOH are used, monoglycidyl ethers of ethyleneglycol and diethyleneglycol undergo cyclodimerization to 
give dihydroxy-containing crown ethers 25. 

The concerted cyclization of methallylglycidyl ethers of di- and triethyleneglycols and bromine chloride gives crown 
ethers 26, which contain chloro- and bromomethyl groups in the side chains. The yields of macrocyclic polyethers 26 
amount to 31-35%. 

CH.~ Br 

CHv- ~ HrCl ,' 
. - / ~ - - -  , , ~ ' , . , f  . - . . . . .  4 , -  o o 

(~12 0 0 ~ 0 0 NaBF4 \~ 

CI 
u = l , 2  2G 

Oxirane reacts with tetrahydrofuran in the presence of trifluoromethanesulfonic acid as the catalyst to give 
macroheterocycles 27 and 28 [44]. 

S ' 7  .- 

.~ z - : l  ( t  : l )  \ - 
< ' o  o " "0  

< k _ . _ j  / 

2 7  28 

Adduct 27 (2:2) is formed in the reaction of 2 moles of THF with 1 or 2 moles of oxirane, whereas adduct 28 (3:1) was 
obtained in 32% yield when the ratio of the starting compounds was 5:1. 

The reaction of oxirane with 12.-propanediol or 3-(allyloxymethyl)propane-l,2-diol leads to the previously difficult-to- 
obtain substituted oligoethyleneglycols 29 with different chain lengths [45]. The reaction proceeds in the presence of boron 
trifluoride etherate. The ofigoethyleneglycols 29 obtained were separated by means of fractional distillation. 
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R 

HO O O 0 0 OH 

ko 
30 - 32 

, .29 

80 R=CHa. re+n=2; 81 R=CHa, m+tt=3; 32 R=CH.2OCH2CH=CH2, rrz+n=2 

Complexes of substituted crown ethers (30-32) with alkali metal p-toluenesulfonates are obtained by their cyclization in 
the presence of p-toluenesulfonyl chloride and alkali metal hydroxides. The free crown ethers were isolated by pyrolysis of the 
complexes in vacuo. 

Oxirane also reacts with pyrocatechol in the presence of alkaline catalysts to give mono- or oligohydroxyethyl-substituted 
benzenes [46]. Cyclization of the latter takes place with the formation of dibenzo-12-crown-4, dibenzo-18-crown-6, and 
tetrabenzo-24-crown-8. 

Dialkyl-substituted oligoethyleneglycols were obtained by the reaction of oligoethyleneglycols with 2 moles of 
alkyloxiranes in the presence of sodium metal [47]. 

R R R 
�9 -------r " Na I 

I'IO(CH2CH20)n}l r 2 - .  - -----,t,.,,. HOC}[CI.I: O(C}I2CH 20)n CH2CIIOII - - - - . a ~  
0 

3 3  + 

O 
" , : , ' *  X " ' ~  

C1COCH .XCH2COC| \ / 
" --~,-" O 0 

.:.~ o t\. 
" " R 

34  

J ~ Na 
HO(CH2CH20)~H + 2 , O 

CICOCH~OCH2COC_I 

n = 0 - 3 ;  I.t=C2l[ ~. ( ~ H . . ;  X=0 ,  S 

Oi l  HO 

('7" ( ' !  
O( f ' l l  2('H 21) ~ "  ; V - -  

3 5  

~ ~ 0 O 0 .~... 
i " " i r 
t ' I 

" ' "  O 0 0 ~ ' 
~ . _  / " / 

3 6  

They have been used for the synthesis of crown ethers that contain endocyclic ester groups. Thus the reaction of 
oligoethyleneglycols 33 with 3-oxa- and 3-thiaglutaric acid dichlorides under high-dilution conditions leads to 
macroheterocycles 34 in 55% yields. Oligoethyleneglycol 35 reacts with 3-oxaglutaric acid dichloride to give 
dicyclohexanodioxo-18-crown-6 (36) in 60% yield. 

A method for the synthesis of crown ethers 38, which contain an amiomethyl group, has been developed [48]. 

, " - - - ~  crl~ct RF ~. ( c : r l  s ) 2 o  .__../cH 

HO OH O HO o 0 'OH 

CH:NH 2 .:--("~ , / ~ \  
N H  �9 / T~O 0 OT~ , '~X 7 - ' ,  / - - \  

HO 0 0 011 t -C~I I~ONa (K) 

n = l ,  2 

37  

/ ~ \ . .  
/ - - 0  Q 

0 0 

L,., .o \) 
t" "7~ 

3 8  
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Bis(polyhydroxyethylene)alkylamines 39 were obtained as a result of the stepwise building up of the chain in the 
reaction of primary alkylamines with oxirane [49] (see scheme at bottom of previous page). 

Their cyclocondensation in the presence of p-toluenesulfonyl chloride and sodium and potassium hydroxides leads to 
complexes of monoazacrown ethers with alkali metal p-toluenesulfonates. Alkyl-substituted monoazacrown ethers 40 were 
obtained in 40-74% yields by pyrolysis of the complexes. 

/ ~ R - N ( C H ~ C I I .  OH) . ,  R - N H  2 + 2 "\0 " " 
m + n 0 

, it_ 

T s C I ,  N a O H ( K O H )  0 OSOzCsH(CH 3 
R - - N  

x 0 OH 

R=CH 3, C2H 5, C4H 9. CHz=CHCH2; 

m + n=0 - 5 

R - - N  
r) 0 1 1  

, x / 

3 9  

0 ~ 
R - - N  0 

.iO 

The cyclocondensation of amine 39 (R = CH3, m = 1, n = 0) under similar conditions leads to a mixture of 
dimethyldi_aT~crown ethers 41 and 42 in 24% yield. 

./~-~\ r- --\ 

' 0 OH 
2 CIt  ~ - N 

O|I  ,\ 

r 
CHj--N 

/ 

T s C I .  KOII CI l~  

/ V ""  d I I -  

N - -  CM ~ + CII ~ - N O 

4 1  4 2  

A one-step method for the synthesis of oxygen- and nitrogen-containing macrocycle 44 was developed on the basis of 
epichlorohydrin and secondary diamine 43 [42]. 

0 " N H C ~ H 1 3  0 

4 3  

�9 CHzCI 

O H  

C I ~ ,  CH H ~ 3  5"N N 6 13 

~_~/ 

4 4  

Nitrogen- and sulfur-containing macroheterocycles 46 were obtained by the reaction of primary and secondary diamines 
45 with dicarboxylic acid dichlorides [50,60], while thiazacrown compounds 47 were obtained by cyclocondensation of 
secondary diamines with formaldehyde [61-63]. 

R z .- N\/'I__ H h;l,: ~'~ I I ~ ( R ZNHCH;:CH~S)21~: 

45 

. . ~ . ~  : "  t C H z ~  

.' ~ �9 .. 
/ , C O N  S, 

R. ~ 'R2 ( 
/ 

"~'~ CON S N S S N ~ 
RZ I R , / ,, . . . .  , ..__ , R 

46  a -  r 47 

46 R I=H, C~HsCI%CH.~, CH~OOCCH~CH~, NCCH.CH~, CH(COOCH~)CH~COOCHs, 
CH (COOC~H~) CH2COOC2H 5; R 2-- CH 2CH2, 4, .5-dimet.hylphenyl- 1,2-dimethylene 1, 3,4- 

th:i.adiazole-2,5-diyl ; R3= (CHu)4, 1,2-C6H4; 1,4-C6H,, (CH2CH2S)2CH~CH2; 47 R= 
=CH3OOCCHuCH2, CH(COOCH3)CH2COOCHs, CH~CH2CN, CtHsCH2CH~ 
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Diamines 45 have become accessible on the basis of the reaction of aziridines with a,t~-aliphatic, aromatic, and 
heterocyclic dithiols [50-63]. Their cyclization with adipic, phthalic, terephthalic, and 3,6-dithiaoctanedicarboxylic acid 
dichlorides in dry benzene under high-dilution conditions leads to macroheterocycles 46 in 50-70% yields. 

If the reaction of aziridines with 1,2-ethanedithiol is carded out in benzene, monoadducts, viz., amino thiols 48, which 
are readily oxidized to diamino disulfides 49, are formed. The reaction of the latter with oxalyl chloride in dry benzene gave 
16-membered crown compounds 50, which contain two nitrogen heteroatoms and four sulfur atoms in the ring, in 75-80% 
yields [50]. 

0 2 
+ HSCH2CH2SH ~ RNHCH2CH2SCH2CH2SH ~ (RNHCtI2CH2SCH2CH2S)2 -----a-- 

48 49 

CON S S 

CON S ~ R=H. CH30OCCIi2CI{ 2 

50 

A method for the synthesis of C- and N-functionally substituted macroheterocycles 53, which is based on the reaction of 
acyclic diamines 52 with phthalic and terephthalic acid dichlorides, has been developed. Diamines 52 were obtained from 
2,3-dimereaptopropanesulfonic acid and aziridine or substituted azifidines with subsequent treatment of triamines 51 with 
sodium bicarbonate [64, 65]. 

CH2SO3 H CH2SO3CH2CI|2NHR I 

R 1 - - N ~  + HSCH2CHSH ------,m- RINHCH2CH2SCH2CHSCH2CH2NHR ~ -~-a-- 

51 

NaHCO~ CH2SO3Nal R2(COCI)2a L R 2 / CON S ""c/CH2SO3Na 
R I NHCH2CH2SCH2CHSCH2CII2NH R i 

(C2It~)3N " \  .i 
52 CON S ~ 

/ / 

53 

RI=H, CH3OOCCH2CI-I2, CrHsCH2CH2; R 2= 1.2-C~H4, 1,4-C~H4 

CYCLIZATION OF BISOXIRANES AND BISAZIRIDINES 

The synthesis of functionally substituted crown ethers on the basis of accessible bisoxiranes is most simple and 
promising. Mono-, di-, and tetrahydroxy-substituted crown ethers are readily obtained by means of them. Difficult-to-obtain 
aza- and thiacrown compounds are formed in the reaction of bisoxiranes with nitrogen- or sulfur-containing nucleophilic 
reagents. Thus, diglycidyl ethers of oligoethyleneglycols react with pyrocatechol in the presence of alkali metal alkoxides to 
give dihydroxybenzocrown ethers 54. Subsequent treatment with acetic anhydride and hydrolysis lead to substituted 
benzocrown ethers 54 [66]. 

CH2(OCH2CH2)n-OCH 2 

" ~ 0 0  + C~H.(OH)2_ o 

R=H. Ac~ n=l-3 

~ 0CH2CII(OR)CH2(OCH2CH2)n / 

--/ - OCH2CH2(OR)CH20 __~" 

An original method for the synthesis of lariat crown ethers 56 (in 30-80% yields), which contain a hydroxy group, has 
been developed on the basis of the reaction of diglycidyl ethers of oligoethyleneglycols with alcohols [67]. 
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S 
0 0 
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R=CH3, ,zrlz, CeHI3, CI2tt~, ClsHsr, CH2=CttCH2, C6Hs, tetrahydrofurfuryl 

The reaction of ethyleneglycol diglycidyl ether with ethyleneglycol monomethyl ether leads to the formation of diol 57. 
Its alkylation with diethyleneglycol ditosylate gives dimethoxyethyloxymethyl-substituted 15-crown-5 (58) [68]. 

0 0 0 0 HO 0CH 3 

OH OH 

CH30  0 o O o OCH 3 

57 

O 

TsO 0 OTs f 
[ O 

" ' 0  0 \, 

CH30kx___ 0 " 

58 

Bis(aminomethyl)crown ethers 60 were obtained by a similar scheme [69]. 

OCH 3 

0 0 0 0 0 

RHNCH 2 /CH2NHR 

If0 0 0 0 OH 

0 0 0 
T s O  0 OTs~ ~ 

RHNCH 0 0 0 CH2NHR 

m - - l ,  2; n = 0 ,  1. 2 80  

5R 

The direct cyclization of diglycidyl ethers of oligoethyleneglycols with primary amines in protic and aprotic solvents has 
been studied [70]. Water and methanol accelerate opening of the oxirane ring, while in aprotic solvents (benzene, dioxane, and 
trichloromethane) the reaction virtually does not lake place. The maximum yield of dihydroxyazacrown ethers 61 reaches 
50%. 

0 0 0 0 0 " 

0 0 

.' N \ 

llO / R 

61 

R = H, C2Hs, 

~ - O  0 0 { - -  " ' ' " ~  

] 0 ' ) - - - - /  R ""OH . 

OH 

sec~C(l-l~, Cr0ll,,,, C6lls, CII2CH2OH, I1= I--3 
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The possibility of obtaining macrocyclic compounds by the reaction of 2,2-bis[4-(2,3-epoxypropoxy)phenyl]propane 
with primary monoamines, 1,2-dimethylhydrazine, secondary diamines, and sodium sulfide under high-dilution conditions has 
been investigated [71]. 

/ ('I'X=OC6 H ~C(C H~ ) 2C S|[ oOCH'~ 
~ ' - - / ~  \ ~  + R'~HN- R - NIIR;' 

O O 

12 ) -CH~C!'I,,, (CH_,) z. 

.10CH2CII(OI[ )CH2, |~" 
N ~ 

Celt ,  !. 
( t ' II3)2C. R 

1 
CcH~ N 

" OCH~CHIOII)CH~ ~R=" 

(CII~_)(, (CII:)~, CII~--CH=CII--CII~.  C I ! e - - C ~ C - C i I ~ :  R"--CII~, 
C2Hs; R'~N--R'--N R" = piperazine-l,4-diyl 

Macrocycles could not be obtained by the reaction of 2,2-bis[4-(2,3-epoxypropoxy)phenyl]propane with primary amines 
and 1,2-dimethylhydrazine because of sterie hindrance formed by the benzene rings; only products of opening of one oxirane 
ring were isolated. At the same time, secondary aliphatic diamines, which have a long chain length, react with the formation 
of macrocyclic products (62) in 3-28% yields. The yields of the crown compounds increase with an increase in the chain 
length on passing from N2q'-dimethylethylenediamine to N,N'-dimethyltetmmethylenediamine. 

In contrast to primary monoamines, sodium sulfide reacts with 2,2-bis[4-(2,3-epoxypropoxy)phenyl]propane in methanol 
at 50~ to give 36-membered macroheterocycle 63. 

/ OCH:CH(OH)CH2 SCll2Cii( OII)CH:,O .. 

C61I , CcH~ 
tCH~)~ c ~ . IC(CI13)2 

C6H( ~ CJI(  

OCH2CII(OII)CItrSCIIzCII( 01l )CII.>O 

Secondary diamines have also been used in the reaction with ethyleneglycol diglycidyl ether to obtain dihydroxy- 
substituted diazacrown ethers 64 [42]. 

W"/--~, / - - - X - 7  
o 0 0 . 

/ 

.CII~Cl OH OH 

S 
Cl O 0 CI 

HO OH 

RHN O NHR / 

R--N N--R 

0 O ; 

IlO Ob 
64 

R=CzH 5. CJl.y CsH:~ 

The reaction takes place in methanol to give the diazacrown ethers 64 in 30-35% yield~ The same macrocycles were 
obtained via the following scheme: the reaction of epichlorohydrin with ethylene glycol leads to dichloride 65, which, on 
reaction with diamines in the presence of K2CO3, forms crown compound 64 in 23-28% yield. 

The reaction of diglycidyl ethers of oligoethylene glycols with sodium hydrosulfide also takes place in protic solvents 
[72]. Dihydroxy-substituted thiacrown ethers 66 are formed in 52-63% yields. Macroheterocycles 66 are not formed in 
aprotic solvents such as dioxane (see scheme on following page). 

Bicyclic compounds 67 are formed in 45-55% yields when dihydroxy-substituted crown compounds 66 (n = 2, 3) with p- 
toluenesulfonyl chloride in the presence of sodium or potassium hydroxide in dioxane. The oxidation of the sulfur atom with 
hydrogen peroxide in water leads to crown compound 68 with a sulfoxide group, while its subsequent treatment with H202 in 
CHsCOOH gives bicyclic sulfone 69. 
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Bis(ethyleneimides) of azelaic acid and sebacic acids react with excess hydrogen sulfide to give carboxylic acid bis(2- 
mercaptoethylamides) 70 and macrocyclic sulfides 71 [73]. 

CON~ CGNH('H~CH S~-t ( 'ONH 
/ \ j  , �9 z 

/ / 

(cnj, _o * . . s  - - - - -  ITCH, , �9 (c~.) s' 

\coN'"] \ " 
) 

\ , ,] t ONHCII;,C}IySII C O N H ~ /  

7 0  7 1  

If, instead of hydrogen sulfide, 1,2-ethanedithiol is used in the reaction with adipic acid bis(ethyleneimide), 
macroheterocycle 46 [R 1 = H, R 2 = CH2CH 2, R 3 = (CHz)4] is formed in 60% yield [59]. 

SYNTHESIS OF CRYPTANDS FROM OXIRANE 
AND AZIRIDINE DERIVATIVES 

Diglycidyl ethers of oligocthyleneglycols are industrially accessible, and the synthesis of cryptands from them is therefore 
promising as compared with methods that have been previously developed [74-77]. 

New approaches to the synthesis of cryptands are presented in [78, 79]. They are based on the reaction of diazacrown 
ethers with diglycidyl ethers. 

HN NH + ,,'T-7~,,/-};-x--7 
' O  O O 

HO OH 

'\0 / ,/ 

- % j ~  
7 3  

HO 

% 

N . . . . .  - ' r i - - ~  

/i( ,' /i 
~ ' ,  s O ~ .  

7 2  

- - N  O N - -  

i ~ o  o - -  

"~ -{--"o' ' \  ,' o. 
- - N  O N - - '  

7 4  
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Cryptands 73 and 74 are formed as a result of intracomplex cyclization of intermediates 72, in which a spatial 
orientation of the reactions centers that is favorable is ensured. The reaction proceeds on heating in a mixture of dry ethanol 
and tetrahydrofuran (1:1). Compounds 73 and 74 were separated by chromatography. The yields of cryptands 73 are 69%. 
The hydroxy groups of cryptands have been used to obtain tricyclic compounds. Thus, dihydroxycryptand 73 (m = n = p = 2) 
was condensed with diethylene glycol ditosylate by refluxing in dioxane in the presence of sodium hydride to give cylindrical 
cryptand 75 in 19% yield [80]. 

HO OH ..... \ 

, /< ~ / \ ~, o '~O \ / o  ;' 
' o b , ~ f 

0 \, 0 \ , . /  , TsO 0 OT~ / \ x'/O ! 

, . ,.- \ . / 0  O-.v.." 

7 3  7 5  

Intramolecular cyclization has also been successfully used for obtaining dihydroxycryptands 76 [78]. Diazacrown ethers 
that contain exocyclic oxiranylmethyl groups, as well as primary amines, have been used as starting substances. 

/ 0 " ' x  

"=---7 . . . . .  0 , 0 o __(_< 
'n 

+ RNII .  

l l o  OH 

\ 

N ,' 

7 6  

The reaction of the highly reactive tosylaziridine with diaza-18-crown-6 leads to the formation of 
bis(tosylethyleneamino)diaza-18-crown-6 77, which reacts re.lily with 1,5-dibromo-3-oxapentane in a two-phase system 
(aqueous alkali-toluene in the presence of quaternary ammonium salts) [78, 80, 81], resulting in the formation of cryptand 78 
in 87% yield. 

0 \ / t  J o ,\ 
t[N NH § ~ Ts - - N "  -. - - - ~ = "  T s N H C I I : C H  z - N N--CII .CH.NHTu 

0 ' " ~ , 0 / 

j+,, -4- 
Br O P }Iv 

T s, N/~[ -- 0 / ~ \  N , T s  

i 

�9 ~" f)  " 'N "/~ 

4 
7 8  

Ts=CII.~C&II4S02; m. n, p = 0-4 

The most promising, in a practical respect because of the accessibility of the starting reagents, is a method for the syn- 
thesis of cryptands that was developed in [82-85] and is based on the reaction of tosylaziridine with a primary diamine at 80~ 
in DMF. The resulting (in 80-85% yield) tetrakis(p-toluenesulfonamidoethyl)alkylenediamines 79 react, under interphase- 
catalysis conditions, with 1,2-dibromoethane to give cryptands 80 in 60-65% yields (see scheme on following page). 

The synthesis of crown compounds and cryptands on the basis of cheap petrochemical raw material is a promising direc- 
tion in the area of the chemistry of macroheterocycles. The use, for these purposes, of highly reactive oxirane and aziridine 
and their derivatives makes it possible to obtain, in high yields, previously inaccessible alkyl-, aryl-, and functionally substi- 
tuted crown compounds with relatively simple and accessible methods. Particular attention should be drawn to methods that 
involve the synthesis of bicyclic and tricyclic macroheterocycles based on oxirane and aziridine derivatives. In this instance, 
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Ts=CH3C6H4SO~; a R=CH~CH2, X--Na, K; R---(CH2)6-, (CH2CH2)2S, 
X--H 

(CH2CH2S-) 2, 

no small role is played by such factors as realizing the synthesis of something without using the technique of high-dilution, 
as well as operating under interphase-catalysis conditions; this leads to high yields of the final products. This makes it possi- 
ble to hope for the utilization of developed methods for the synthesis of cryptands, not only in a laboratory setting, but also 
in industry. 
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