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Maerocycle opening in crown ethers 
3.* Transformation of 4'-nitrobenzocrown ethers into podands in the reaction 

with methylamine 
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A method for the synthesis of nitrogen-containing podands from 4"-nitrobenzocrown 
ethers was developed. It involves m,cteophilic regioselective cleavage of the macrocycle upon 
heating with MeNH?. 
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The methods for the synthesis of open-chain analogs 
of crown compounds,  podands, z are based on the con- 
densation of  two fragments. At the same time, the 
nucleophi l ic  open ing  of  the macrocycle of  
nitrobenzocrown ethers under the action of O-nucleo- 
philes (RONa, NaOH)  :3,4 and formylbenzocrown com- 
pounds under the action of  N-nucleophiles (RNH 2 and 
RNH3* X-) I,s has been reported. 

In this work we studied the synthesis of nitrogen- 
containing podands from 4'-nitrobenzocrown ethers. 
The starting 4 ' -n i t robenzocrown ethers ( l a - -e )  and 
4 ' , 4 " ( 5 " ' ) - d i n i t r o d i b e n z o - l g - c r o w n - 6  ethers ( ld ,e)  
were obtained by the known procedures. 6-8 We as- 
st,reed that the nitro group in the para-position with 
respect to one of the two oxygen atoms of the benzocrown 
ethers would activate the nucleophilic regioselective 
opening of the macrocycle upon the action of methyl- 
amine. 

It was shown that heating of 4"-nitrobenzocrown 
ethers l a - - e  with an alcoholic solution of MeNH 2 re- 
suits in the lbrmation of  podands (2a--c) in up to 98% 
yields (Scheme 1, Table I). The presence of the strong 
electron-accepting nitro group allows one to carry out 
the reaction under significantly milder conditions and 
withot,t additional activation of the macrocycle towards 
nucleophilic opening because of complexation with 
MeNH3-CI -,  as was the case with formylbenzocrown 
ethers. 5 Due to the high reactivity of compot, nds l a - -c ,  
the yields of  2a- -c  almost do not depend on the 
macrocycle size. 

The method found by us was also applied to com- 
potmds incorporating two reaction centers, 4 ' , 4 " ( 5 " ) -  
d ini t rodibenzo-18-crown-6 ethers ( ld,e)  (Scheme 2, 
Table I), obtained by nitration o fd ibenzo- t8 -c rown-6  
ether as a difficultly separable mixtt, re of two isomers. 

*For Comn:unication 2 see Ref. 1. 

S c h e m e  1 

NH 0 la--c . ~  

02N 0 0 

l ,  2: n = 0 (a) ,  I (b), 2 to) 2a--c 

This reaction resulted in the formation of two podands 
2d,e in 96 % overall yield. It can be seen from Table 2 
that the formation of podand 2d proceeds substantially 
slower than that of 2e, which reached its maximum 
degree of transformation in -70  h. 

Table  I. Characteristics of podands 2 a - - e  

Podand Yield [M]+, * 
(%) Found 

Calculated 

Molecular formula 

2a 94 3__00 1 3 3 2 7  Ct~H!0N,O 6 
300.[32[0 

2b 98 344.15705 C l sH24N 207 
344.15831 

2c 92 388. 1856_6 C~TH2sN 20~ 
388. 18452 

2d 44 - CIIHI~N205 

2e 52 - CIsH22N407 

"High resolution mass spectroscopy data 

Translated from Izvestiya ,4kademii Nauk. Seriya Khimicheskaya. No. 3, pp. 540--543, March, 1997. 
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Scheme 2 
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Table 2. Reaction conditions for the macrocycle opening in 
crown ethers ld,e upon the action of MeNH, at 100 ~ and 
yields of podands 2d,e 

r,'h y(%)a y~(%)a 2,1 : 2e, 
Ca (%)) (ctr (%)) tool/tool 

2d 2e  2 d + 2 e  

20 25 56 81 
(13) (28) (41) 

20 b 22 5l 73 
(14)  (33)  (47)  

5O 28 56 84 
(19) (40) (59) 

70 29 67 96 
(20) (48) (68) 

200 <. 44 52 96 
(42) (51) (93) 

1 1.1 

1 1.1 

1 1.1 

1 1.2 

1 0.6 

Note: ~ is reaction time, Y is yield, ct is degree of transforma- 
tion, g~ is total yield, and ~,- is total degree of transformation. 
a Calculated with respect to the reacted ld +le.  
a In the presence of a 10-fold molar excess of MeNH3* CI-. 
e The tube with the reaction mixture was shaken every. 10 h. 

Table 3. Mass spectra of podands 2a--e 

Me Me 
I I ~ . . . .  NH HN . 

%N" v J "0 O ~ N O , ,  

2 e  

This fact may result from the significantly lower so lu -  
bility oftrans-isomer ld. During t h e  reaction, the p rec ip i -  
tate is gradually enriched with t h e  trans-isomer and  be- 
comes completely composed of  t h i s  i somer  after 70 h;  the 
complete transformation of ld ( t h e  degree of  transfom~a- 
tion is 93 %) into podand 2d o c c u r s  only in 200 h_ 

When the reaction is carr ied ou t  in the p re sence  of  
MeNH3*CI - ,  the degree of  t r a n s f o r m a t i o n  of  the c r o w n  
ethers Id and le  slightly inc reases ,  but the y ie ld  of  
compounds  2d,e decreases. This  indica tes  the ac t iva t ion  
of  the side reactions and the a b s e n c e  of  the t e m p l a t e  
effect of MeN H3* upon opening  of  the  2d,e m a c r o c y c l e ,  
unl ike in the react ion of  f o r r n y l b e n z o c r o w n  c o m -  
pounds.l,s The two e l ec t ron -accep t ing  nitro groups p rob-  
ably suppress completely  the c o m p l e x a t i o n  of  the c r o w n  
ethers ld and le  with MeNH3 +. 

Chromatographic  separat ion o f  the  reaction m i x t u r e  
obtained after heating for 200 h af forded  c o m p o u n d s  2 d  
and 2e in a 1.7 molar  ratio. T h i s  indicates an a l m o s t  
equal reactivity of  both i somer s ,  l d  and le ,  s ince  the 
ratio o fc i s -  and trans-isomers l e  : ld  was 1.13 ( tak ing  
into account the non-reacted t rans - i somer  of ld) .  

The structure of  the c o m p o u n d s  obtained was con-  
firmed by spectral methods ( T a b l e s  1, 3, and 4) a n d  by 
elemental  analyses. 

Poda nd m/z ( I~ I ( % ))" 

2a 

2b 
2c 
2d 
2e 

300 (I00), 168 (84), 167 (34), t51 (29), 133 (33), !25 (22). 121 (321, 93 (25), 89 (93). 78 (20), 60 (30) 
344(100). 313 (21), 256 (22). 238 (I6). 212 (22), 168 (72), 167 (30), 151 (15). 122 (15), 121 (20), 89 (98] 
388 (38), 212 (50), 168 (70), 167 (33), 133 (26), 125 (35). 89 (100), 87 (25), 73 171). 6l (56), 60 (67) 
256 (100). 168 (94). 167 (42), 150 (45), t48 (37). 138 (22), t22 (20). 121 (45), 93 (34), 88 (20), 78 (46) 
406 (45), 312 (64), 167 (I00). 148 (69), 135 (58), 134 (86), 12l (65). 93 (58), 90 (50), 79 (47), 78 (83) 

*Tile molecular ion peak and 10 most intense peaks are given. 
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Table .t. IR (vasc!inc oil) and ~H NMR (CDCI3--CCI ~, l : I) spectra o fpodands2a - -e  

Podand IR, v/cm -I IH NMR, 8 (J/Hz) 

2a 3380 (NH, OH); 1540 (NO2) 2.69 (br.s. 1 H, OH); 2.97 is, 3 H, MEN); 3.64--3.71 (m, 8 H, 4 CH20); 
3.88 (m, 2 H, CH20); 4.24 (m, 2 H, CH20); 5.60 (br.s, 1 H, NH); 
6.46 (d, 1 H, H-3, JH-3,H-4 = 8.9); 7.63 (d, I H, H-6, JH4,H.4 = 2.4); 
7.92 (dd, 1 H, H-4, JH-a,H-3 = 8.9; JH4,H-6 = 2.4) 

2b 2,95 (s, 4 H. OH, MeN); 3.61--3.69 (m, t2 H. 6 CH20); 3.88 (m, 2 H, CI-|20); 

2c 

2d 

2e 

4.22 (m, 2 H. CI-t~O); 5.75 (br.s, 1 H, NH), 6.43 (d, 1 H, H-3, JU-3,H-4 = 8.9); 
7.60 (d, I H, H-6, JHao.H_4 = 2.3); 7.89 (dd, 1 H. H-4, JH-4,H-3 = 8.9; 

JH4,~4 = 2.3) 

2.6 (br.s, 1 H, Ot-t): 2.98 (s, 3 H, MEN); 3.60--3,69 (m, 16 H, 8 CHzO); 
3.88 Ira, 2 H, CH_,O); 4.24 (m, 2 H, CH20); 5.43 (br,s, H, NH): 
6.46 (d, 1 H. H-3, JH-3.H-4 = 8.9); 7.65 (d. 1 11, H-6, JH-~.H-4 = 2.31: 
7,91 (dd. I H, H-4. JH-4.H-3 --= 8.9:JH4.H-6 = 2.3) 

2.20 (br.s, l H, OH); 2.98 (d, 3 H, MeN. J = 5.0); 3,67 (m, 2 H, CH,O); 
3.74 (m. 2 H, CH20); 3.88 (m. 2 H, CH20); 4.24 (m, 2 H, CH~O); 
5.25 (m, I H, NH, J = 5); 6.47 (d, 1 H. }t-3, J = 9); 7.64 (s, I H, H-6), 
7.91 (d, 1 H, H-4, J = 9) 

2.91 (d, 6 H, 2 bleN, I = 5.3); 3.95 (m, 4 H, 2 CH20); 4.27 (m, 4 H, 2 CH20);  
5.21 (br.q, 2 H, 2 NH, J = 5.3); 6.47 (d, 2 H, H-3, H-3", JH-3.H4 = 

JH-Y,H-4' = 8.9); 7.66 (d, 2 H, I't-6, H-6", JH-6,H-4 = JH-6'.H4" = 2.1); 
7.96 (dd, 2 t't, H-4, H-4' ,  gU4,H_3 = JHa'.H-Y = 8.9, JH-4,H4 = JH4".H-6 "= 2.1) 

3360 (NH, OH); 1540 (NO2) 

3360 (NH. OH); 1538 (NO2) 

3320, 3420 (NH, OH); 1554 (NO~) 

3412 (NH); I530 (NO2) 

Thus, we have deve loped  a new method  for the 
synthesis of  n i t rogen -con ta in ing  podands  based on the 
nucleophi l ic  regioselect ive opening of  the macrocycles 
of  readily available nitro derivatives of benzocrown ethers 
upon the act ion of me thy lamine .  

Reliable phys i cochemica l  me thods  or procedures  
based on d i f ferences  in reactivity that allow one to 
est imate the con ten t  o f  cis- and trans-isomers in a 
mixture of  4 ",4' '~5' ' ) -d in i t rod ibenzo-  18-crown-6 ethers 
have not been descr ibed  in the literature. It should be 
noted that the react ion s tudied can be regarded as the 
first promising m e t h o d  (for example ,  see ReE 9) to 
est imate the quant i ta t ive  con ten t  o f  the products  o f  
nitration of  d ibenzo-  18-crown-6 ether.  

Experimental 

tH NMR spectra were obtained on a Braker AC-200p 
spectrometer using CDCI3--CCI 4 (1 : I) as a solvent and 
SiMe~ as the internal standard. IR spectra were recorded on a 
Shimadzu IR-470 spectrophotometer in vaseline oil. Mass 
spectra were obtained on a Varian MAT-311A instrument at 
an ionization energy of 70 eV, t,sing direct injection of samples 
into the ionization source. The reactions were monitored by 
TLC on DC-Alufolien Kieselgel 60 F254 plates. 

Synthesis of 9odands 2a--e (general procedure). A mixture 
of 4'-nitrobenzocrown ether la - -e  (0.5 mmol) and a 35 % 
~olution of MeNH~ in anhydrous EtOH (5 mL) was heated in 
a ~ealed tube at IC~0 ~ for 20 h (water bathl. The tube was 
then opened, the mixture was evaporated in vacua, and the 

residue was purified by column chromatography on  SiO 2 
(Kieselgel 60, 0.063--0.100 ram, Merck, with 
CHCI 3 : MeCO2Et : EtOH, 8 : 4 : I ,as~heeluent).  Podands 
2a--c were isolated as yellow otis. 

Synthesis of poda-ds 2d,e. A mixture of 4 ' , 4 ' ' ( 5 " ) -  
dinitrodibenzo-18-crown-6 ethers (ld,e) (225 rag, 0.5 retool) 
and 35% solution of MeNH-, in anhydrous EtOH (5 mL) was 
heated in a sealed tube at 10-0 '~C for 200 h (water bath). The 
tube was shaken every 10 h after cooling to ~20 ~ The tube 
was then opened, the mixture was evaporated in vacuo, and 
the residue was extracted with hot MeCO~Et and filtered to 
afford 7 mg (0.016 mmol) of trans-isomer ld insoluble in 
MeCO2Et, m.p. 245--248 ~ (cf  Re}. I0). The filtrate was 
concentrated, and the residue was purified by column chron-a- 
tography on SiO 2 (Kieselgel 60, 0.063--0.200 ram, Merck, 
using MeCO2Et as the eluent) to give 108 mg of 2d as orange 
crystals, m.p. 110--112 ~C (from a 10 : I benzene--hcxane 
mixture) and 103 mg of 2e as yellow cry. stals, m.p. 161-- 
163 ~ (from MeOH). Podand 2d. Found (%): C. 51.43; 
H. 6.20; N, 10.49. CIIHi6N20r Calculated (%): C. 51.54; 
H, 6.30: N, 10.94. PodandZe. Found (%);C, 5Y47; It ,  5.47; 
N, 13.93. CLsH22N.~O7. Calculated (%): C. 53.20: H. 5.a6: 
N, 13.79 
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