
was filtered off and recrystaUized from DMSO to give IVa (0.14 g, 67%, mp 269-270"C) and 1Vb (0.16 g, 69%, mp 
260-262~ 

3-(#.Hydroxyethylamino)-l,2,5-thiadiazole-4-carboxylic Acid (V, CsHTN3SO3). Compound I (0.2 g, 1 mmole) was 
refluxed in NaOH solution (2N, 5 ml) for 1 h, cooled, and acidified with HCI until precipitation began. This was 
filtered and recrystallized from water to give 0.18 g (96%) with mp 149-151~ 

Guanines IVa, b were hydrolyzed under analogous conditions to give V. 
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SYNTHESIS OF MACROHETEROCYCLIC ANALOGS OF DIBENZO-CROWN COMPOUNDS. 

6.* HYDROXYLATED 16-MEMBERED OXAAZA-CROWN COMPOUNDS 

A. A. Formanovskii and I. V. Mikhura UDC 547.898.551'461:543.422.25 

High-dilution cycloacylation of 2-acetoxy-l,3-bis-(2-aminophenoxy)propane with the diacid chlorides of 
glutaric, diglycoRic, thiodiglycollic, and N-tosyliminodiacetic acids gives the macrocyclic diamides. 
Subsequent reduction with boron hydride affords 16-membered dibenzodiaza-crown compounds. 

Crown compounds bearing functional groups are of considerable interest, since their complexing properties differ 
from those of their unsubstituted analogs [2], and the presence of functional groups at the periphery of these 
macrocycles enables them to be modified in various ways [3, 4]. 

Two methods are used to obtain substituted crown compounds, namely introduction of substituents into the 
ready-formed macrocycle, and the cyclization of compounds already bearing the required substituents. The first 
method is that normally used to introduce substituents into the aromatic nucleus in benzo-crown compounds. The 
range of substituents which can be introduced is quite large (alkyl, acyl, halo, nitro, and sulfo), but the type of 
macrocycle is restricted to oxygen-containing benzo-crown compounds only [5]. 

In order to obtain benzo-crown compounds with substituents in the macrocyclic moiety, pyrocatechol or related 
compounds have been cycloannelated with glycol derivatives, often in the presence of template ions [3, 6-9]. 

In heterocyclic systems containing nitrogen, compounds with functional groups are relatively easy to obtain, 
albeit only by substitution at nitrogen [10, 11]. Compounds with functional groups attached to carbon atoms ofthe 
macrocycle appear to be unknown. 

Sixteen-membered dioxadiaza-crown compounds have been reported previously [1]. Continuing a systematic 
search for highly selective macrocyclic compounds suitable for the extraction of heavy and transition metals, we have 
synthesized a range of hydroxy-crown compounds based on 6,7;15,16-dibenzo-3-hydroxy-l,5-dioxa-8,14-diazacyclohexa. 
decane, containing additional donor atoms (oxygen, sulfur, or nitrogen) in the 11-position of the macroheterocycle 
(IVa-d). 

*See [1] for communication 5. 

V. I. Bernadskii Institute of Geochemistry and Analytical Chemistry, Academy of Sciences of the USSR, 
Moscow. Translated from Khimiya Geterotsildicheskikh Soedinenii, No. 2, pp. 275-279, February, 1991. Original 
article submitted July 10, 1989, revision submitted March 26, 1990. 
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~ 0  ~2 NH2~ + X(CH2COCI) 2 

~ o ~ n ~ - d  

OCOCH 3 

IC 

OCOCH z OH 
l l l l -d  IVa-d  

]I--IV a X=CH2, b X=O,c X=S,d X=NTs 

Compounds (IIIa-d) were obtained by acylating the acetoxy-substituted bridged aromatic diamine (Ic) with the 
diacid chlorides (IIa-d) at high dilution (the overall concentration of the reactants was 10 -2 mole/liter) in benzene 
in the presence of pyridine at 75~ The resulting acetoxylated crown lactams (IIIa-d) were reduced with boron 
hydride to the macrocyclic diamines (IVa-d), with removal of the acetyl group. 

The starting aromatic diamine (Ic) was obtained in three steps, as follows: 

~ f [ ~  N~ 1"--3__ ~ v  ~ 

v "OH 0/~ "~'0 

OR 

1. (CICH~)2CHOH, K2CO3, Dr'IF; Ia Y=NO2, R=H; 2. Ac20, Py; ib Y=NO2, R= 
=COCH3; 3. A1/Hg, EtOH, H~O; Ic Y=NI-I2, R=COCHa 

Attempts to reduce the nitro-group in (Ib) to amino using sodium borohydride in methanol in the presence of 
10% palladium on charcoal as catalyst, as described previously for other bridged aromatic diamines [12, 13], were 
unsuccessful, near-quantitative yields of a compound which, according to its IR and PMR spectra, was 1,3-bis-(2- 
aminophenoxy)propan-2-ol, being obtained, i.e., in addition to reduction of the nitro-group, the acetyl protecting 
group had been removed. This deacetylation appears to be due to base-catalyzed transesterification of the ester (Ib) 
or (Ic) in the excess of methanol. Conditions were therefore chosen for obtaining the required compound whch did 
not involve acids or bases, namely aluminum amalgam in aqueous ethanol. Under these conditions, 2-acetoxy-l,3- 
bis-(2-aminophenoxy)propane was obtained in 85% yield. 

The structures and purity of the crown lactams (IIIa-d) obtained were confirmed by TLC and their IR and PMR 
spectra (Table 1). 

In the PMR spectra of the crown lactams (IIIa-d), the signal at lowest field (around 9 ppm) was assigned to the 
amide group protons. In addition to these protons, the screening cone of the amide groups also covered the ortho- 
protons of the aromatic nuclei, the signals for which were shifted to lower field by 1.5-2.0 ppm relative to the 
remaining aromatic protons. 

It appears that in these macrocyclic amides (IIIa-d), there is a strong intramolecular hydrogen bond between the 
amide protons and the carbonyl group of the acetoxy-substituent, the absorption for NH in the IR spectra of the 
amides (IIIa-d) being shifted by 160-260 cm -1 as compared with VNH in the spectra of analogous amides which do 
not contain an acetoxy-group [1], and the Vc.. o value for the acetoxy-group being low, at 1680-1700 cm -1, in 
comparison with, for example, its value in (Ib) (1720 cm-l), in which such a hydrogen bond is not possible. 

It is worthy of mention that the conformation of (IIla) is probably somewhat different from those of (IIIb-d) 
and other macrocyclie amides. The PMR spectrum of (Ilia) shows an anomalous low-field shift of the amide proton 
(9.55 ppm) and the absence of a low-field shift of the ortho-protons (C(2)) in the aromatic nucleus, together with 
a somewhat higher Coy 80-100 cna -1) value of VNH in the IR spectrum as compared with (IIlb-d). 

The macrocyclic amines (IVa-d) were obtained by reducing the appropriate amides (IIIa.d) with boron hydride 
in dimethoxyethane. Attempts to carry out the reduction in THF afforded only extremely stable complexes of the 
macrocyclic amines (IVa-d) with the solvent and, possibly, boron hydride. 

The structures and purity of the products 0Va-d) were confirmed by TLC, mass spectroscopy (measurement of 
the masses of the molecular ions), and the IR, PMR (Table 2), and P C  NMR spectra (Table 3).* 

In the PMR spectra, the protons in positions 2-4 of the macroheterocycle give rise to multiplets centered around 
4.25 ppm. Assignment of the signals in the 13C NMR spectra was based on the spectra of related systems [1], and 

229 



on the relative intensities of the signals. It is interesting that in (IVa-d) there is only one signal for C(3 ) at 68.2- 
69.0 ppm, whereas in compounds without a hydroxyl group the carbon atom in the 3-position gives two signals in 
its region (26.7-29.8 ppm) [1], indicating, in our view, the presence of two conformations. The absence of doubling 
of the signal for the central carbon suggests that (IVa-d) exist in a single conformation. It appears that the hydroxy 
group is oriented in the center of the macrocycle in such a way that it can form weak donor-acceptor bonds with 
the oxygen and nitrogen atoms of the macroheterocycle. 

EXPERIMENTAL 

IR spectra were obtained on a Specord IR-71 in chloroform, in NaCI cells, 13C NMR spectra on a Bruker HX- 
270 in CDCI 3, and PMR spectra on a Tesla BS-467 (60 MHz) in CDCI 3, internal standard TMS. Mass spectra were 
obtained on a Varian MAT-112. 

TLC was carried out on neutral alumina, visualized with iodine vapor. The composition of the eluents is given 
in Tables 1 and 2. 

1,3-Bls-(2-nitrophenoxy)propan.2-ol (Ia). To a solution of 20.0 g (144 mmoles) of o-nitrophenol in 50 ml of 
dry DMF was added 20.0 g of powdered anhydrous potassium carbonate, and the mixture heated to the boil. After 
40 min, there was added dropwise with stirring 8.4 ml (88 mmoles) of 1,3-dichloropropan-2-ol, and the mixture 
boiled for 3 h. After cooling, the mixture was poured into 400 ml of water, and the solid which separated was 
filtered off and washed with 0.1 N sodium hydroxide solution until the washings were colorless, then with water until 
neutral, and dried in vacuo over KOH to give 16.8 g (70%) of (Ia), mp 114~ (from ethanol), R r 0.7 (chloroform). 
PMR spectrum: 7.87 (d, 2H, J = 11 Hz), 7.56 (d.d, 2H, J = 9 Hz, J = 11 Hz), 7.15 (d, 2H, J = 9 Hz), 7.06 (d.d, 
2H, J = 11 Hz, J = 9 Hz), 4.28-4.47 (m, 5H), 1.60 ppm Car.s, 1H). IR spectrum: 3420, 1500, 1330 cm -1. 

2.Aeetoxy-l,3-bis-(2.nitrophenoxy)propane (Ib). To a solution of 25.8 g (77 mmoles) of  (Ia) in 100 ml of dry 
pyridine was added at 20~ 25 ml (265 mmoles) of acetic anhydride, and the mixture kept for 50 h at room 
temperature. It was then poured into 600 ml of water, and acidified wth concentrated HCI to pH 3. The crystalline 
solid which separated was filtered off, washed with water, and dried in vacuo over KOH to give 27.5 g (92%) of 
(Ib), mp 106-107~ (from CCI4), Rf 0.70 (chloroform). PMR spectrum: 8.26-7.18 (m, 8H), 5.83 (q, 1H, J = 5 Hz), 
4.80 (d, 4H, J = 5 Hz), 2.47 ppm (s, 3H). IR spectrum: 1720, 1500, 1330 cm -t. 

2.Acetaxy-l,3-bis-(2-aminophenoxy)propane (Ic). To a stirred suspension of 15.0 g (500 mmoles) of aluminum 
powder in 70 ml of water was added 0.2 g of mercuric chloride, followed after 5 min by a suspension of 2.5 g (6.65 
mmoles) of (Ib) in 50 ml of ethanol. The mixture was boiled with stirring for a further 3 h, cooled, 100 ml of 
water added, and extracted with chloroform (3 x 70 ml). The extract was dried over sodium sulfate, and the solvent 
removed to give 1.8 g (85%) of (Ic), mp 100~ Rf 0.27 (chloroform). PMR spectrum: 6.78 Car.s, 8H), 5.61 (t, 1H, 
J = 6  Hz), 4.2.0 (d, .4H, J =  6 Hz),.3.93 Ca.r.s, 4H), 2.1.3. ppm..(s, 3H). IR s0ectrnm: 3340, 3250, 1715 cm -L 

I ne general metnoa ol  preparauon ot the macrocycuc amines (IIra-d) ha~ been described [13]. The properties 
of (IIIa-d) are given in Table 1. The general method of reduction of the amides (IIIa-d) to the amines (IVa-d) has 
also been reported [12, 13], the solvent used for reduction being dimethoxyethane. The properties of compounds 
0Va-d) are given in Tables 2 and 3. 

*The authors thank O. S. Timofeev for recording the mass spectra, and S. A. Sokolovskii for the 13C NMR spectra. 

TABLE 3. 13C NMR Spectra of (IVa-d) 

Chemical shifts, 6, ppm 
Com - 

pound CHm--O CH(OH) CH~--N CHz.--X IK Cci)* C(2) C~3) C(4~ C(5) C(6} 

IVa 
IV b 
I\ 7 c 
IVd 

71,9 69,0 
71,7 68,8 
71,2 68,7 
70,7 68,2 

41,9 26.8 
42.9 68.4 
41,0 31,0 
42,0 48,6 

23,1 

21,3; 127,1; 
129,5: 135,8; 

143,3 

39.4 
39,0 
38.6 
37.6 

1 i0,8 
110,6 
110,6 
109,1 

123 2 
12310 
122,8 
121,9 

16,5 
17,0 
17,0 
16,5 

115,1 
114,1 
114,2 
111,5 

145,9 
146.2 
145,9 
145,8 

*The numbering of the carbons of the aromatic nuclei is shown in the scheme. 
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