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Oxirane ring-opening reaction of N-(2,3-epoxy-l-propyl) azacrowns la-Ie and 4,5-epoxy-2-
-oxapentylcrowns lla- lIe with mono- and diamines (including mono- and diazacrowns) afforded 
array of new di-, trio, and tetracrown compounds with hydroxyl groups placed at the hinge. 

Molecules bearing two or more pendant crown units attracted a considerable atten
tion in recent years1 - 6. Ability to encapsulate a variable number of metal ions makes 
such compounds interesting on its own right but appealing also to other areas of 
investigation, e.g., metal ion separation and catalysis. 
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Aiming to provide a wider access to the intriguing ligands we prepared' previously 
macrocyclic building blocks I a - Ie and II a - II e designed to allow anchoring the 
crown moieties - via the pendant oxirane group - at single as well as multiple nucle
ophilic sites. 

In this paper we made use of the methodology in the reaction with amines in
cluding azacrowns IIla-Ille and IV. Main attention was given to synthesisofdi
crown homologous series required for complexation studies8 • 

RESULTS AND DISCUSSION 

SN2 reaction of epoxides with amines is well-known9 ,lo. When the epoxide group 
is ina terminal position, the nucleophilic attack takes place usually at the primary 
carbon atom. 

In accordance with the prevailing experience, the reaction of the epoxycrowns 
la-Ie as well as Ila-Ile with azacrownsIIla-Ille afforded always a uniform 
product which was assigned structure of dicrown compound Va- VI or Vla- Vlo, 
respectively. The reaction of the same epoxycrowns with morpholine took an ana .. 
logous course, yielding the corresponding "mini" dicrown compounds VIla- VIle 
and VIlla - VIlle, respectively. 
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The reaction of the epoxides I a - Ie and II a - II e with an equimolar amount of 
the diazacrown IV yielded a mixture of the di- and tricrown compounds IXa-IXc 
and Xa-Xc, or Xla-Xlc and XIIa-XIIc, respectively, which could be separated 
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('0) 
Xl/la L = -CH-CH-CH-N 0 

, 2 6H 2 i-o~ 

X/Ilb L--CH-CH-CH-O-CH~O~ ,- 2 6H 2 21-0~ 

by a flash chromatography. When the reaction was performed with an excess of the 
epoxide reagent, the tricrown compounds were obtained predominantly. Similarly, 
the tetracrown compounds XIIla,b were the main products in the reaction of ethy
lenediamine with an excess of the epoxide Ib and IIb, respectively. 

TABLE I 
Dicrown compounds V 

Yieldb, % (method)C Formula Calculatedd /found 
Compounda (composition of (mol. wt.) 

CH30H-NH40H eluent) %C %H %N 

Va 81 (A), 91 (B) C19H3SN207 52·38 8·79 6·11 
(10: 1) (406·5) 52·05 8·90 6·29 

Vb 77 (A) C21H42N20S 52'57 8·82 5·57 
(8: 1) (450'6) 53'05 8'82 5'70 

Vc 64 (A) C23H46N209 52'73 8'85 5·12 
(4: 1) (494·6) 53-30 9·07 5'35 

Vd 57 (A), 67 (B) C23H46N209 52'73 8'85 5'12 
(8: 1) (494'6) 52'69 8'59 5-47 

Ve 71 (A) C2sHsoN2010 52-86 8·87 4'74 
(3: 1) (538'7) 52'67 9'05 5'18 

V/ 55 (A), 73 (B) C27Hs4N2011 52'98 8'89 4·41 
(2: 1) (582'7) 53'25 8'95 4'67 

a Mass spectrum, m/z (%), found for Va: M+ = 406 (0'1), 188 (100), 214 (27),218 (23), 100 (15), 
56 (13); Vb: M+ = 450 (1), 232 (100), 258 (93), 214 (87), 188 (69), 218 (62); Vc: M+ = 494 (1), 
214 (100), 276 (98), 302 (95), 188 (95), 218 (70); Vd: M+ = 494 (0,2), 258 (100), 232 (89), 262 
(56), 56 (32), 100 (14); Ve: M+ = 538 (1), 276 (100), 258 (84), 302 (74), 232 (69), 262 (51); V/: 
M+ = 582 (1), 302 (100), 276 (98), 306 (57), 45 (32), 56 (27). b After flash chromatography. 
C For method A, B see Experimental. d Calculated for a monocarbonate. 
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TABLE II 

Dicrown compounds VI 

Yieldb, % Formula Calculated~ /found 
Compound" (composition of (mol_ wt_) 

CH30H-NH40H eluent) %C %H %N 

VIa 91 CZOH39N09 52-70 8-41 3-07 
(10: 1) (437-5) 53-OS 8-65 2-74 

Vlb 97 C22H43NOI0 52-89 9-08 2-80 
(10: 1) (481-6) 53-06 8-83 2-59 

VIc 74 C24H47N011 53-02 9-08 2-58 
(3: 1) (525-6) 53-06 9-07 2-70 

VId 74 C26HsIN012 53-14 9-09 2-38 
(6: 1) (569-7) 53-26 8-80 2-09 

VIe 79 C2sHssN013 53-30 9-09 2-22 
(5: 1) (613-8) 52-81 8-73 1-96 

VIf 92 C22H43NOI0 52-89 9-08 2-80 
(8: 1) (481-6) 53-OS 8-87 2-62 

VIg 81 C24H47NOll 53-02 9-08 2-58 
(7 : 1) (525-6) 52-59 8-80 2-38 

VIh 79 C26HsIN012 53-14 9-09 2-38 
(4: 1) (569-7) 52-74 8-88 2-16 

VIi 80 C2sHssN013 53-30 9-09 2-22 
(5 : 1) (613-8) 53-76 8-89 1-92 

VIj 81 C30Hs9N014 53-32 9-10 2-07 
(6: 1) (657-8) 53-99 8-95 1-80 

VIk 75 C24H47NOll 53-02 9-08 2-58 
(6: 1) (525-6) 52-45 8-74 2-32 

VII 67 C26HsIN012 53-14 9-09 2-38 
(4: 1) (569-7) 52-83 8-76 2-03 

VIm 50 C2sHssN013 53-30 9-09 2-22 
(1 : 1) (613-8) 52-79 8-80 1-92 

VIn 57 C30Hs9N014 53-32 9-10 2-07 
(4: 1) (657-8) 53-28 8-91 1-90 

VIo 50 C32H63N01S 53-39 9-10 1-95 
(3: 1) (701-9) 53-44 8-55 1-70 

" Mass spectrum, m/z (%), found for VIa: M+ = 437 (2), 188 (100), 45 (14), 100 (11), 56 (8), 
158 (8), 218 (4), 292 (3), 405 (2); VIb: M+ = 481 (1), 188 (100), 45 (12), 100 (8), 158 (7), 56 (6), 
218 (4), 336 (3),406 (I), 450 (1); VIc: M+ = 525 (0-5), 188 (100), 45 (5), 100 (4), 292 (4), 158 (3), 
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The structure assigned to the individual compounds were confirmed by 1 H NMR 
as well as mass spectra. All the novel compounds are hygroscopic and absorb carbon 
dioxide. Unless precautions were taken to avoid contact with atmosphere, the ele
mental analyses corresponded to mono hydrates for the compounds with one nitrogen 
atom, to monocarbonates for the compounds with two nitrogen,s a~d to dicarbonates 
for the compounds with four nitrogens. Such a pattern of behaviour is accountable 
by different basicities of the involved nitrogen atoms8 ,l1,12. 

EXPERIMENTAL 

Separation and analytical techniques employed in this study were analogous as described pre
viously7. 

Dicrown Compounds Va- Vf 

A) An equimolar mixture of an epoxide la-Ie and an appropriate monoazacrownIIla-Ille 
(3 mmol each) was stirred under nitrogen at 80°C for 8 h. The product was isolated by a flash 
chromatography on a silica gel column (eluent CH30H - aq. NH4 0H). Data are summarized 
in Table I. 

B) (one-pot synthesis of the symmetrical compounds Va,f, d, from IlIa-IlIc and epichloro
hydrine involving in situ preparation of the epoxides Ia- Ie): Epichlorohydrine (0·2 ml; 2· 55 mmol) 
was heated with an appropriate monoazacrown Bla-IlIc (5'5 mmol) under nitrogen at 90°C 
for 2· 5 h. Isolation by a flash chromatography afforded products which were identical with the 
corresponding ones obtained by the procedure A. 

Dicrown Compounds VIa- VIa 

Equimolar amounts of an appropriate epoxide Ila-Ile and monoazacrown IlIa-Ille (3 mmol 
each) were heated under nitrogen at 100°C for 20 h. The products were isolated by flash chroma
tography analogously as described above. Data are summarized in Table II. 

+---

218 (3), 336 (I);· Vld: M+ == 569 (2), 188 (100), 45 (25), 87 (22), 89 (13), 100 (12), 158 (7), 424 
(6),494 (4); VIe: M+ = 613 (0'5), 188 (100), 45 (28),87 (15),89 (15),133 (12),177 (5),218 (3), 
468 (2); Vlf: M+ = 481 (1), 232 (100), 45 (15), 56 (7), 87 (5), 100 (5), 202 (4), 262 (4), 575 (2), 
188 (2); VIg: M+ = 525 (0'5), 232 (100),45 (15),56 (7),87 (5),100 (5),202 (4),262 (4), 175 (2), 
188 (2); Vlh: M+ = 569 (0'5),232 (100), 45 (15), 87 (9), 100 (5),262 (4),258 (4), 202 (3), 144 (2), 
380 (1); VIi: M+ = 613 (0,7), 232 (100),45 (14), 87 (5), 89 (3), 100 (3), 202 (2), 262 (2), 424 (1); 
Vlj: M+ = 657 (0'5), 232 (100), 45 (16), 87 (6), 89 (4), 59 (4), 73 (3), 100 (3), 202 (2), 262 (2), 
468 (1); VIk: M+ = 525 (0'5), 276 (100), 45 (11), 100 (5), 56 (5), 246 (3), 188 (2), 306 (2), 524 
(1); VII: M+ = 569 (0'5), 276 (100), 45 (8), 100 (4), 56 (3), 87 (3), 232 (2), 246 (2), 306 (1),568 
(1); VIm: M+ = 613 (0'5),276 (100),45 (19), 87 (9), 100 (6),232 (4), 56 (4), 188 (2), 246 (2), 306 
(1); Vln: M+ = 657 (0'5), 276 (100), 45 (10), 100 (4), 87 (3), 246 (2), 188 (2), 306 (2), 424 (1); 
VIa: M+ = 701 (0'5), 276 (100), 45 (6), 87 (3), 100 (3), 246 (2), 306 (2), 468 (1), 318 (1). b After 
flash chromatography. C Calculated for a monohydrate. 
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"Mini" Dicrown Compounds VIla- VIle and VIIla- VIle 

A) An appropriate epoxide la-Ie (Ila-Ile) was dissolved in an excess of morpholine (1 mr; 
11 mmol) and heated under nitrogen at 80°C for 8 h. The solvent was taken off in vacuo and the 
product was isolated by a short-path distillation (Kugelrohr) or by flash chromatography. Data 
are given in Table III. 

B) (applicable only for the compounds VIla- VIle): N-(2,3-Epoxy-l-propyl)morpholine 
(0·29 g; 2 mmol) was heated with an appropriate monoazacrown IlIa-IlIc (2 mmol) at 80°C 
for 9 h. Products were isolated by a short-path distillation (Kugelrohr). Data are given. in Table 
III. 

TABLE III 

"Mini" dicrown compounds VII and· VIII 

Yieldb, % (method) Formula CalculatedC jfound 
Compounda (composition of (mol. wt.) 

CH30H-NH40H eluent) %C %H %N 

VIla 93 (B) ClsH30N20S 50·51 8·48 7-36 
(318·4) 51·00 8·80 7·32 

Vllb 96 (B) C17H34N206 50·93 8·55 6·59 
(362·5) 50·76 8·82 6:43 

VIle 94 (B) C19H3SN207 51·28 8·60 5·98 
(406·5) 51·61 8·76 6·25 

VIlla 93 (A) C16H31N07 52·22 9·04 3-81 
(20: 1) (349·4) 52·63 8·81 4·19 

VIllb 71 (A) ClsH3SNOs 52·54 9·06 NO 
(10: 1) (393·5) 52·20 8·75 3·14 

VIlle 72 (A) C2oH39N09 52·70 8·41 3·07 
(7: 1) (437· 5) 53·20 8·71 2·69 

VIlld 64 (A) C22H43NOIO 52·89 9·08 2·80 
(8 : 1) (481·6) 53·28 8·76 2·61 

VIlle 62 (A) C24H47NOll 53·02 9·08 2·58 
(10: 1) (525-6) 53·50 8·72 2·57 

a Mass spectrum, mjz (%), found for VIla: M+ = 318 (1), 188 (100), 100 (88),214 (85), 126 (56), 
218 (55), 56 (50), 130 (30), 176 (17), 300 (13); VIlb: M+ = 362 (1),232 (100),258 (78), 100 (68), 
126 (59), 262 (38), 56 (34), 130 (24), 344 (8); VIle: M+ = 406 (0·5), 232 (100), 100 (46), 45 (39), 
56 (27),144 (24),114 (24), 276 (20),126 (18),130 (13); VIlla: M+ = 349 (1),100(100),45 (17), 
87 (13),175 (7), 130 (4),188 (1), 249 (1); VIllb: M+ = 393(1),100 (100), 45 (23),87 (16), 130 
(16), 145 (11), 293 (7), 160 (7),263 (6); VIlle: M+ = 437 (I), 100 (100), 57 (80), 87 (60), 130 (7), 
145 (5), 189 (5), 175 (4), 160 (3); VIIle: M+ = 525 (2), 100 (100), 45 (19), 87 (8), 130 (5), 144 
(4), 160 (2), 495 (2), 204 (2), 507 (2). b After flash chromatography. C Calculated fora dicar
bonate VII or a monohydrate VIII. 
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TABLE IV 

Di- and tricrown compounds IX-XII 

Yield", % Formula CalculatedC /found 
Compound" (composition of (mol. wt.) 

CH30H-NH40H eluent) %C %H %N 

IXa 46 C23H4,N30S 52'82 9'05 7'70 
(4: 1) (49306) 52·70 9'11 7·27 

Xa 12 C34H6SN4012 50'93 8'55 6-60 
(4: 1) (724'9) 50'92 8'83 6'32 

IXb 21 C2sHslN309 52'95 9'06 H2 
(3: 1) (537'7) 53-39 9'38 6'80 

Xb 20 C3sH,6N4014 51·27 8-61 5'98 
(3: 1) (813'0) 50'74 8·80 6'05 

IXc 27 C2,HssN3010 53'06 9'07 6'63 
(2: 1) (581'7) 52'51 9'00 6'68 

Xc 8 C42Hs4N4016 51'55 8'65 5-47 
(1 : 1) (90H) 51-32 8'61 5-64 

XIa 26 C24H48N2010 52'07 8'39 4-86 
(9: 1) (524'6) 51'92 8·38 4'77 

XIIa 28 C36H,oN2016 52'97 8'65 3-34 
(9: 1) (786'9) 52'94 8'36 3060 

XIb 25 C26Hs2N2011 52·23 8'60 4'51 
(4: 1) (568'7) 51·78 8'91 4·69 

XIIb 34 C4oH,sN201S 53-11 8'70 3·02 
(4: 1) (87H) 5z.s5 8'66 3-14 

XIc 38 .C2sHs6N2012 52'39 8'79 4·21 
(2: 1) (612'8) 51-82 8'88 4·12 

XIIc 16 C44Hs6N2020 53'24 8'74 2'76 
(2: 1) (963-1) 53'55 8'78 2·66 

.. Mass spectrum, m/z WJ, found for IXa: M+ = 493 (2), 188 (100),305 (95), 214 (79),218 (77), 
275 (70), 301 (46), 56 (46), 100 (42),45 (28); Xa: M+ = 724 (I), 188 (100),276 (61), 214 (61),218 
(52), 45 (50), 100 (45), 275 (39), 56 (38), 289 (25); IXb: M+ = 537 (I), 232 (100), 305 (87), 258 
(80), 262 (65), 275 (56), 301 (46), 56 (33), 100 (25), 474 (22); Xb: M+ = 812 (2), 232 (100), 258 
(54), 262 (40), 580 (35), 56 (21), 45 (17), 100 (17), 275 (14), 550 (12); IXc: M+ = 581 (I), 276 
(100), 305 (71), 302 (59), 275 (47), 301 (45), 306 (45), 56 (19), 100 (18), 518 (13); Xc: M+ = 900 
(1),276 (100),306 (32),302 (30),45 (17), 100 (16),277 (16),56 (14), 188 (5),232 (5); XIa: M+ = 
= 524 (2), 275 (100), 276 (28), 45 (25), 100 (21), 114 (20); 192 (19), 318 (18), 289 (14), 463 (8); 
XIIa: M+ = 786 (1), 537 (100), 275 (86), 45 (39), 538 (28), 144 (28), 100 (25), 276 (24), 289 (24), 
317 (14); Xlb: M+ = 568 (1), 275 (l00), 45 (88), 56 (38), 100 (38), 114 (30), 276 (25), 114 (23), 
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Di- and Tricrown Compounds IXa-IXe and XIIa-XIIe 

Equimolar amount of the epoxide la-Ie (IIa-IIe) and the diazacrown IV (2 mmol each) were 
heated under nitrogen at 100°C for 3 h and the resulting mixture of di- and tricrown compounds 
was separated by a flash chromatography (silicagel; eluent CH30H-aq. NH40H). Data are given 
in Table IV. 

Tetracrown Compounds XIIIa,b 

Prepared from ethylenediamine (30 mg; 0'5 mmol) and a fourfold excess of the epoxide Ib (IIb) 
under the same conditions as described above. Data are given in Table V. 

TABLE V 

Tetracrown compounds XIII 

Yieldb, % Formula CalculatedC ffound 
Compounda (composition of (mol. wt.) 

CH3 0H-NH40H eluent) %C %H %N 

X1IIa 65 CS4H108N6020 52'32 8·78 NO 
(3: 2) (1161'5) 52'52 8·39 7'54 

XIlIb 87 CS8H112N2028 52'98 8'59 2'09 
(6: 1) (1285'5) 52·72 8'53 2'01 

a Mass spectrum, mfz (%), found for XIIla: M+ = 1 160 (1), 232 (100), 258 (53), 262 (43), 100 
(21), 56 (21), 45 (18), 305 (21), 580 (18), 635 (11); XIIlb: M+ = 1284 (0,1), 45 (100), 87 (95), 
336 (86), 642 (35), 59 (35), 219 (23), 101 (23), 131 (19), 362 (18). b After flash chromatography. 
C Calculated for dicarbonate XIIla and monocarbonate X1IIb. 
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