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Synthesis of formyl derivatives of
benzodiazacrown ethers and benzocryptands
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A simple and convenient procedure was developed for the synthesis of formyl derivatives of
benzodiazacrown ethers and benzocryptands by condensation of 3,4-bis(2-iodoethoxy)benz-
aldehyde with o,m-oligooxaalkanediamines or diazacrown ethers in the presence of alkali
metal carbonates under high-dilution conditions in various organic solvents and their mixtures
with water. In the reactions giving rise to diazacrown ethers, alkali metal cations exhibit the
negative template effect resulting in a decrease in the yield of the target product if the
size of the cation matches well the size of the cavity of the crown ether formed. An
N,N’-bis(carboxymethyl) derivative was prepared from the formyl derivative of benzodiaza-

18-crown-6.
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The incorporation of nitrogen atoms into the macro-
cycle of crown ethers substantially extends the range of
metal cations that form complexes with such com-
pounds.1—3 Another useful property of nitrogen-contain-
ing crown ethers is that they provide considerable possi-
bilities for relatively easy N-functionalization. Azacrown
ethers thus modified are used in the synthesis of ion-
selective dyes, biologically active compounds, and iono-
phore components of membranes.4>

The aim of the present study was to develop a proce-
dure for the synthesis of derivatives of benzodiazacrown
ethers and benzocryptands containing the formyl group
in the benzene ring. Formyl derivatives of crown com-
pounds are of interest as intermediates in the synthesis of
styryl and azomethine dyes® as well as for the preparation
of crown-containing polymers.” The formyl group can
readily be transformed into other functional groups, which
can give rise to new useful derivatives of azacrown ethers.

Earlier, we have developed a procedure for the syn-
thesis of the formyl derivative of N,N -dimethylbenzo-
diaza-18-crown-6 3c,3 which consists in treating the cor-
responding organolithium derivative with N, N-dimethyl-
formamide. The drawbacks of this method are the neces-
sity of using anhydrous solvents and low temperature

*TU Dresden, Institut fiir Anorganische Chemie, D-01062,
Dresden.

(=100 °C) and the problems associated with isolation of
the product from the reaction mixture. In the case of
N,N’-dimethylbenzodiaza-15-crown-5, Li* ions are in-
volved in strong coordination resulting in deactivation of
its organolithium derivative in the reaction with N, N-di-
methylformamide, which prevents the formation of the
corresponding formyl derivative.

Recently, we have demonstrated®—11 that formyl de-
rivatives of benzothiacrown compounds can be synthe-
sized in high yields by condensation of two acyclic pre-
cursors, one of which already contains the formyl group,
in the presence of alkali metal carbonates in various sol-
vents. The applicability of an analogous approach to the
synthesis of formyl derivatives of benzodiazacrown ethers
3a—c and benzocryptands 3d,e was the subject of the
present study. We examined condensation of 4-substi-
tuted 1,2-bis(2-iodoethoxy)benzenes 1a,b with diamines
2a—c and diazacrown ethers 2d,e in the presence of alkali
metal carbonates (Scheme 1). The influence of the nature
of the solvent and the template effect of alkali metal cat-
ions were investigated and the reaction mechanism was
proposed.

The starting 3,4-bis(2-iodoethoxy)benzaldehyde 1a
was prepared according to known procedures.—1 To pre-
vent the formation of by-products (for example, the cor-
responding azomethines) in the condensation of alde-
hyde 1a with diamines, aldehyde 1a was transformed into
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Scheme 1

3a—f
i. M,COg, solvent. M = Li, Na, K, Cs.
R"=CHO (1a, 3a—e), CH(OEt), (1b, 3f)

2,3: R=H(a), Me (b, c, f); R—R = CH,(CH,0OCH,),CH, (d, e);
n=1(b,d),2(a,c,e,f)

acetal 1b by treatment with triethyl orthoformate in the
presence of catalytic amounts of NH,CI (Scheme 2).°
The course of the reaction was monitored by TLC, which
demonstrated that the reaction always afforded a mixture
of acetal 1b and aldehyde 1a regardless of the reaction
time. Attempts to completely shift the equilibrium toward
the acetal under these conditions failed. Since it was diffi-
cult to separate diiodides 1a and 1b, their mixture (in the
ratio =5 : 95 according to 'H NMR spectroscopy) was
subjected to condensation with diamines 2a,c.

Scheme 2
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Condensation of diiodides 1a,b with diamines 2a—c
and diazacrown ethers 2d,e was carried out in dry MeCN
in the presence of alkali metal carbonates. The yields of
products 3a—e are given in Table 1. Due to the presence
of the protective group in diiodide 1b, diethyl acetal 3f
was prepared in a rather high yield. However, the yield of
aldehyde 3c after removal of the protective group ap-

Table 1. Yields of benzodiazacrown ethers 3a—c,f and benzo-
cryptands 3d,e in the reactions of diiodides 1a,b with diamines
2a—e in the presence of M,CO3; (MeCN, refluxing, 20 h)

Starting M Yield (%)

diiodide 32 3b  3c+3f 3d 3e
1a Na 184 62  91a+0 53t 46¢
1a K 260 88  579+0 <10 <104
b+1a K 47 —  14+58  — _

@ The yield was determined from 'H NMR spectroscopic data.
b The yield of the complex of cryptand 3d with Na,COx;
~20°C, 120 h.

¢ The yield of dihydroiodide of cryptand 3e.

peared to be substantially lower (14% in two steps) than
that in the case of the one-pot synthesis from 1a. For this
reason, the syntheses of benzodiazacrown compounds
3b—e containing tertiary nitrogen atoms were carried out
without pre-protection of the formyl group. The lowest
yield (~18%) was observed for compound 3a. A substan-
tial increase in the yield was achieved with the use of
diiodides 1a,b. Although the protection was removed in
the course of formation of diazacrown ether and(or) its
isolation from the reaction mixture, the yield of 3a was
increased more than twofold. It should be noted that com-
pound 3a is unstable on storage due, apparently, to the
presence of the reactive formyl and amino groups.

The published data on the dependence of the yields of
azacrown compounds on the nature of the solvent and the
template effect of metal cations are scarce and often con-
tradictory.12:13 In the studies,13—15 it was noted that alkali
metal cations virtually do not exhibit the template effect
in the synthesis of azacrown ethers. Investigation of the
formation of diaza-18-crown-6 from the corresponding
diamine and diiodide in MeOH, dioxane, 1,2-dimethoxy-
ethane, and MeCN demonstrated that the highest yield in
MeCN was obtained in the presence of Na,CO3, whereas
the highest yields in other solvents were attained in the
presence of K,CO;.16 In DMF, the yield of tetra(N-tosyl-
aza)-18-crown-6 in the presence of K,CO; was four times
higher than that in the presence of Na,CO5.17 An increase
in the yield of mono- and diazacrown ethers was ob-
served18:19 under the conditions of phase transfer catalysis
in the presence of alkali metal cations, whose size matches
well the size of the cavity of the crown ether synthesized.

The synthesis of [2.2.2]-cryptand from 1,8-diiodo-3,6-
dioxaoctane and diaza-18-crown-6 called for a search for
the appropriate solvent and alkali metal carbonate.20—22
For example, the synthesis of [2.2.2]-cryptand in MeCN
proceeds most successfully in the presence of Na,COs,
whereas the use of potassium, cesium, or lithium carbon-
ates leads to a substantial decrease in the yield of the
product.20 The reactions with the use of the correspond-
ing ditosylate instead of diiodide in the presence of so-
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Table 2. Yields of 3¢ prepared by condensation of diiodide 1a
with diamine 2c in the presence of Na,COj; in different solvents
at 64—85 °C (50 h) according to 'H NMR spectroscopic data

Solvent Yield (%) Solvent Yield (%)
EtOH 0 EtOH—water (1:1) 26
MeCN 89 MeCN—water (1:1) 0
THF 5 THF —water (1:1) 84
DMF 3 DMF—water (1:1) 0
Dioxane 6 Dioxane—water (1:1) 20

dium or potassium cations afforded [2.2.2]-cryptand in
virtually equal yields.21—23 It was also demonstrated?4 that
alkali metal cations influence substantially the side pro-
cesses in the synthesis of cryptands.

The published data provide evidence that the reac-
tions giving rise to diazacrown ethers and cryptands are
sensitive to the nature of the solvent, conditions of con-
densation, and the base used. Therefore, the synthesis of
new nitrogen-containing crown ethers calls for an in-
depth examination of all these factors.

Using the synthesis of compound 3¢ as an example,
we studied the influence of the nature of the solvent on
the yield of the target product (Table 2). The use of anhy-
drous MeCN or aqueous THF in the presence of Na,CO;
allowed us to prepare 3c in high yield. In other solvents,
the reaction afforded the target product in low yield, if at
all. Apparently, these results are indicative of the influ-
ence of a number of factors, such as solubility of M,CO3,
polarity of the solvent, its ability to form hydrogen bonds
with the nitrogen atoms in 2a—e and podand 5, resistance
of the solvent to aqueous alkali, efc.

It can be suggested that the reaction giving rise to
diazacrown compounds 3a—e involves several steps
(Scheme 3). N-Alkylation of diamines 2a—e with diiodide
1a produces cation 4, whose deprotonation affords aza
podand 5. Metal cations can promote the final step of
condensation through the intermediate formation of tem-

Table 3. Influence of alkali metal cations on the yields
of 3b,c prepared by condensation of 1a with 2b,c in the
presence of M,CO5 (MeCN, 80 °C, 20 h) according to
TH NMR spectroscopic data

Diazacrown Yield (%)

cther Li Na K Cs
3b 38 62 88 37
3c 55 91 57 46

plate complex 6. This effect has been observed earlier in
the synthesis of crown and thiacrown ethers.?

We studied the influence of alkali metal cations on the
formation of benzodiazacrown ethers 3b,c (Table 3). The
highest yield of 3b was achieved in the presence of K*
ions, whereas the highest yield of 3¢ was obtained in the
presence of Na' ions, although it is known?25 that the sizes
of the sodium and potassium cations are most suitable for
the cavities of 15-crown-5 and 18-crown-6, respectively.

To elucidate the question of whether cyclization pro-
ceeds through the intermediate formation of complex 6
and reveal its influence on the final step of cyclization, we
studied mixtures of diazacrown ethers 3b,c with alkali
metal perchlorates by 'H NMR spectroscopy. It is known
that NMR spectroscopy is extensively used for gaining
insight into the structures and stability of complexes of
crown-containing compounds.%27 The changes in the
'H NMR spectra observed after the addition of an excess
of MCI0, to solutions of 3b,c in CD;CN are presented in
Table 4.

It should be noted that no changes in the positions of
the signals for the protons of benzodiazacrown ethers 3b,c
were observed upon the addition of the same excess of
Et,;NCI1O,4, which cannot form guest—host complexes with
macrocyclic compounds, to solutions of 3b,c. Conse-
quently, the changes in 8y presented in Table 4 are asso-
ciated primarily with the complex formation (Scheme 4).

Scheme 3
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Table 4. Changes in the chemical shifts (Ady) of the signals for the protons of crown ethers 3b,c upon the addition of MClO,

Complex Ady

a-CH,0 o’-CH,0 B,3-CH,N vy -CH,N §,6-CH,0 ¢,.e-CH,0 H(3) H(5) H(6) CH=O Me
3b-Li)* 0.20 0.21 0.11, 0.09 —0.06 0.00 — 0.12  0.13  0.13  0.05 0.04
(3b-Na)* 0.09 0.11 —0.15, -0.17 0.01 —0.04 — 0.08 0.09 0.08 0.04 0.04
3b-K)* 0.07 0.09 —0.09, —0.11 —0.03 —0.06 — 0.05 0.07 0.06 0.03 0.02
3b-Cs)* 0.04 0.04 —0.06, —0.08 —0.04 —0.07 — 0.04 0.04 0.04 002 —0.03
Be-Li)* 0.15 0.11 -0.15,-0.07 -0.09, -0.02  0.01,0.10  0.14,0.17 0.27 0.22 0.21 0.07 0.14
(3c-Na)* 0.09 0.10 —0.09, —0.10 —0.11 0.02 0.06 0.10 0.09 0.09 0.04 —0.02
Be-K)* 0.11 0.13 —0.08, —0.10 —0.13 0.00 0.05 0.12 0.08 0.12 0.04 -0.10
(3c-Cs)* 0.08 0.09 —0.14, —0.16 —0.13 —0.02 0.04 0.10 0.06 0.10 0.04 —0.11

Note. A8y = 8:omplex — Sligang- Conditions: CD3CN, 25 °C; € =1+ 10-3 mol L~1; ligand : metal = 1: 5; M = Li, Na, K, or Cs.

Scheme 4
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The complex formation of diazacrown ethers 3b,c with
metal cations differs substantially from the complex for-
mation with all-oxygen crown ethers. The inclusion of a
cation into the cavity of the crown-ether fragment of the
latter compounds causes downfield shifts of &y for all
types of protons. By contrast, there is no single direction
for Ady for the protons of the CH,O and CH,N groups
of 3b,c. This difference may be associated with a substan-
tial conformational rearrangement of the macrohetero-
cycle of the diazacrown ethers in the course of complex
formation.

As can be seen from Table 4, the majority of the most
downfield or least upfield changes in 8y in the NMR
spectra of 3b,¢ in the series of Na*, K, and Cs* are
observed for crown ether 3b in the presence of Na* ions,

whereas the corresponding changes for 3¢ are observed in
the presence of K* or Na* ions. Although the hetero-
atoms of the macrocycles are involved in coordination to
the metal cations in a different mode, the correlation
between the sizes of the cavity of benzodiazacrown ether
and the metal cation is, on the whole, confirmed. This is
indirect evidence for the possible existence of intermedi-
ate template complex 6 in the course of formation of 3b,c.
In this complex, the lone electron pairs of the amino
groups are involved in formation of coordination bonds
with the metal cation (see Scheme 3). However, too strong
coordination of the metal cation by the nitrogen atom of
the terminal amino group in complex 6 should hinder the
final step of formation of 3b,c, viz., N-alkylation of this
amino group, which was observed in experiments. Hence,
the NMR spectroscopic study confirmed that metal cat-
ions can exhibit the negative template effect resulting in a
decrease in the yield of the target product where the size
of the metal cations involved in the reaction matches well
the size of the cavity of the diazacrown ether formed.

It is known28 that Li* ions in an aprotic medium in-
hibit the formation of benzo-18-crown-6 due to strong
coordination by the ortho-phenylenedioxy fragment of
the molecule of the corresponding podand. Of all the
metal alkali complexes under study, the largest shifts of
the signals for the aromatic protons and the protons of the
CH,OAr groups were observed for lithium complexes 3b,c,
which is, apparently, evidence in favor of this type of
coordination. However, in the present case, this coordi-
nation should not lead to a substantial decrease in the
template effect of the lithium cation and, correspond-
ingly, to a decrease in the yield of the target product due
to a large distance from the reaction center. This conclu-
sion was confirmed experimentally (see Table 3). The
complex formation of diazacrown ethers 3b,c¢ with CsCIO,
results predominantly in small downfield and substantial
upfield shifts A8y in the series of the metals studied. Ap-
parently, the low charge density of the Cs* ion due to its
large size decreases the efficiency of pre-organization of
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the aza podand in complex 6, which has an adverse effect
on the yield of macroheterocycles.

Examination of the possibility of the synthesis of
cryptands 3d,e demonstrated that this process depends
even more substantially on the nature of the metal cation.
In MeCN, compounds 3d,e were formed only in the pres-
ence of Na,CO;. The use of other alkali metal carbonates
gave rise to substantial amounts (>90%) of polymeric
products. This result is consistent with the data obtained
in the study aimed at developing a procedure for the syn-
thesis of [2.2.2]-cryptand.2?—22 Cryptand 3d was isolated
as a complex with sodium carbonate, which indicates that
the size of the Na* cation matches well the size of the
cavity of 3d. Cryptand 3e possessing a larger cavity was
isolated as dihydroiodide monohydrate. Apparently, 3e is
an inclusion compound in which two hydrogen cations
within the cavity of the cryptand are bound correspond-
ingly to two nitrogen atoms.

Using crown ether 3a as an example, it was demon-
strated that diazacrown ethers containing secondary ni-
trogen atoms in the macrocycle can be subjected to fur-
ther N-functionalization. For example, bis(ethoxycarbo-
nylmethyl) derivative 7 was prepared by alkylation of 3a
with ethyl bromoacetate in refluxing acetonitrile or THF
at =20 °C. Subsequent hydrolysis of the ester groups in 7
afforded new promising ligand 8, viz., a macrocyclic ana-
log of ethylenediaminediacetic acid (Scheme 5).

Scheme 5
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j H,0
° ) o)
H N
(|2H2002H
8

i. Na,CO3, MeCN, 80 °C or Et;N, THF, 20 °C.

To summarize, condensation of 3,4-bis(2-iodo-
ethoxy)benzaldehyde 1a with diamines 2a—c and diaza-

crown ethers 2d,e in the presence of alkali metal carbon-
ates under high dilution conditions in MeCN or aqueous
THF afforded formyl derivatives of benzodiazacrown
ethers and benzocryptands in good yields. It was found
that the metal cations have the dual template effect on the
course of the reaction. On the one hand, the pre-organi-
zation of an intermediate podand giving rise to a pseudo-
macrocyclic complex in the presence of metal cations
facilitates the formation of the final product. On the other
hand, coordination of the nitrogen atoms to the metal
cation in the intermediate complex hinders cyclization
involving the terminal amino group and decreases the
yield of the product. Consequently, the yields of com-
pounds 3a—e reflect the influence of all the above factors.
It was demonstrated that the benzoazacrown ethers syn-
thesized can be subjected to further N-functionalization.
In the present study, simple and convenient procedures
were developed for the synthesis of benzodiazacrown
ethers containing various functional groups both in the
benzene ring and at the nitrogen atoms of the macro-
heterocycle.

Experimental

The melting points (uncorrected) were measured on a
Mel-Temp II instrument. The 'H NMR spectra were recorded
on a Bruker DRX500 spectrometer (500.13 MHz) using CDCl;,
DMSO-dg, C¢Dg, and CD3;CN as the solvents; the residual
protons of the solvents were used as the internal standard (8 7.27,
2.50, 7.15, and 1.96, respectively). The chemical shifts were
measured with an accuracy of 0.01 ppm. The spin-spin coupling
constants were measured with an accuracy of 0.1 Hz. The as-
signment of the signals for the protons was made based on the
results of 2D COSY and NOESY spectroscopy. The IR spectra
were recorded on Shimadzu 1R-435 and Bruker ISF-113V spec-
trometers in Nujol mulls or in films on KBr. The mass spectra
were obtained on a Varian MAT 311A instrument with direct
inlet of the sample into the ionization zone; the energy of ioniz-
ing electrons was 70 eV. Elemental analyses were carried out at
the Laboratory of Microanalysis of the A. N. Nesmeyanov Insti-
tute of Organoelement Compounds of the Russian Academy of
Sciences (Moscow). The course of the reaction was monitored
by TLC on DC-Alufolien Kieselgel 60 F,s5, and DC-Alufolien
Aluminiumoxid 60 F,s, neutral (Typ E) plates. Column
chromatography was carried out on silica gel (Kieselgel 60,
0.063—0.200 mm, Merck) and Al,O; (Aluminiumoxid 150
basisch, Typ E, 0.063—0.200 mm, Merck).

2,2’-(Ethylenedioxy)bisethylamine, 7,16-diaza-18-crown-6,
ethyl bromoacetate, 1,2,4,5-tetrachlorobenzene, anhydrous sol-
vents (acetonitrile, ethanol, THF, dioxane, DMF), anhydrous
alkali metal carbonates (Aldrich), 1,8-bis(methylamino)-3,6-
dioxaoctane, 1,5-bis(methylamino)-3-oxapentane, and 7,13-di-
aza-15-crown-5 (Janssen) were used without additional purifi-
cation. 3,4-Bis(2-iodoethoxy)benzaldehyde 1a was prepared ac-
cording to a procedure described earlier.?>11

Synthesis of formyl derivatives of benzodiazacrown ethers
3a—c (general procedure). A solution (10 mL) of diiodide 1a
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(0.50 g, 1.2 mmol) and a solution (10 mL) of diamine 2a—c
(1.3 mmol) were added simultaneously with stirring to a solu-
tion (100 mL) of M,CO; (M = Li, Na, K, or Cs) (5.6 mmol) at
64—85 °C for 30 min. The reaction mixture was refluxed for
20—50 h and then cooled. The precipitate that formed was
filtered off and the filtrate was concentrated in vacuo. Pure
products 3a—c were isolated by chromatography of the residue
on Al,O; using a benzene—ethanol mixture (20 : 1) as the elu-
ent. Products 3b,c were additionally purified by extraction with
refluxing hexane. The solvents used and the yields of the target
products are given in Tables 1—3. The yields of 3a—c were
determined from the 'H NMR spectra according to the follow-
ing procedure. A mixture of weighed samples of the residue,
which was obtained after concentration of the filtrate, and
1,2,4,5-tetrachlorobenzene was dissolved in CDCl; or CD;CN.
The yields were determined with an accuracy of £10% by com-
paring the integral intensities of the signals for the aromatic
protons belonging to products 3a—c and 1,2,4,5-tetrachloro-
benzene. It should be noted that the chemical shifts of the sig-
nals for H,,, of the products differ from those of the starting
diiodide.

3,4,5,6,8,9,12,13,14,15-Decahydro-2H,11H-benzo-
1,7,10,16,4,13-tetraoxadiazacyclooctadecene-18-carbaldehyde
(3a), yellow oil. 'H NMR (CD;CN, 25 °C), &: 2.85 (m, 4 H,
5-and 12-CH;,N); 3.05 (m, 4 H, 3- and 14-CH,N); 3.57 (s, 4 H,
8-and 9-CH,0); 3.59 (m, 4 H, 6- and 11-CH,0); 4.19 and 4.22
(both m, 4 H, 2- and 15-CH,0); 7.13 (d, 1 H, H(20), J =
8.3 Hz); 7.43(d, 1 H, H(17),J=1.9 Hz); 7.43 (dd, 1 H, H(19),
J =283 Hz, J=1.9 Hz); 9.84 (s, 1 H, CH=0). IR (in film),
v/em~!: 3410 (N—H), 1686 (C=0). MS, m/z (I, (%)):
338 [M]" (0.4), 176 (43), 162 (23), 128 (100), 127 (99), 89 (23),
64 (22), 63 (41), 61 (24), 57 (29), 56 (53).

4,10-Dimethyl-3,4,5,6,9,10,11,12-octahydro-2 H,8 H-benzo-
1,7,13,4,10-trioxadiazacyclopentadecene-15-carbaldehyde (3b),
yellowish powder, m.p. 70—73 °C (heptane). Found (%):
C, 57.65; H, 8.75; N, 7.86. C1;H,4N,04+ 2H,0. Calculated (%):
C, 56.97; H, 8.44; N, 7.82. 'H NMR (CD;CN, 30 °C), &: 2.29
(s, 6 H, 2 NMe); 2.64 (t,4 H, 5- and 9-CH,N, J= 5.6 Hz); 2.82
(m, 4 H, 3- and 11-CH;N); 3.62 (m, 4 H, 6- and 8-CH,0); 4.08
(m, 2 H, 12-CH,0); 4.11 (m, 2 H, 2-CH,0); 7.06 (d, 1 H,
H(17),J=28.3 Hz); 7.32 (d, 1 H, H(14), J = 1.7 Hz); 7.49 (dd,
1 H, H(16), J = 8.3 Hz, J = 1.7 Hz); 9.83 (s, 1 H, CH=0).
IR (in film), v/cm~!: 1682 (C=0). MS, m/z (I, (%)): 322 [M]*
(0.6), 222 (25), 221 (61), 208 (33), 88 (100), 84 (28), 72 (39), 71
(31), 70 (69), 58 (44), 57 (28).

4,13-Dimethyl-3,4,5,6,8,9,12,13,14,15-decahydro-2 H,11 H-
benzo-1,7,10,16,4,13-tetraoxadiazacyclooctadecene-18-carb-
aldehyde (3c¢), yellow oil.3 'H NMR (CDsCN, 25 °C), &: 2.30
and 2.31 (both s, 6 H, 2 NMe); 2.72 (t, 4 H, 5- and 12-CH;)N,
J = 5.7 Hz); 2.92 (m, 4 H, 3- and 14-CH,N); 3.55 (s, 4 H,
8- and 9-CH,0); 3.59 (m, 4 H, 6- and 11-CH,0); 4.14 (t, 2 H,
15-CH,0, J=5.6 Hz); 4.17 (t, 2 H, 2-CH,0, /= 5.7 Hz); 7.11
(d, 1 H, H(20), /= 8.3 Hz); 7.42 (d, 1 H, H(17), /= 1.9 Hz);
7.51 (dd, 1 H, H(19), J = 8.3 Hz, J = 1.9 Hz); 9.84 (s,
1 H, CH=0).

Complex of 4,11,17,20,25-pentaoxa-1,14-diazatri-
cyclo[12.8.5.05-10Theptacosa-5,7,9-triene-7-carbaldehyde with
Na,CO; (3d-Na,COj3). A mixture of diiodide 1la (100 mg,
0.22 mmol), diazacrown ether 2d (54 mg, 0.25 mmol), Na,CO;
(131 mg, 1.24 mmol), and anhydrous MeCN (3 mL) was

stirred at =20 °C for 120 h. The precipitate was filtered off
and the filtrate was concentrated in vacuo. The residue was
washed with benzene (3x10 mL) and recrystallized from
an acetonitrile—benzene mixture to prepare the complex
3d-Na,COs in a yield of 62 mg (53%) as yellow crystals, m.p.
255—257 °C (with decomp.). Found (%): C, 49.93; H, 6.13.
C,;H3;,N,0¢ - Na,CO5 - H,0. Calculated (%): C, 49.62; H, 6.44.
'TH NMR (DMSO-dg, 30 °C), &: 2.34 and 2.98 (both m, 4 H each,
2 CH;,N); 3.15 and 3.28 (both m, 2 H each, CH,N); 3.42 (m,
4 H, 2 CH,0); 3.55 (s, 4 H, 2 CH,0); 3.68 (m, 4 H, 2 CH,0);
4.18 (m, 4 H, 2 CH,0Ar); 7.24 (d, 1 H, H(9), J = 8.3 Hz); 7.45
(d, 1 H, H(6), /= 1.7 Hz); 7.62 (dd, 1 H, H(8),/=8.3 Hz, /=
1.7 Hz); 9.88 (s, 1 H, CH=0). IR (Nujol mulls), v/cm~!:
1682 (C=0).

4,11,17,20,25,28-Hexaoxa-1,14-diazatri-
cyclo[12.8.8.05:10]triaconta-5,7,9-triene-7-carbaldehyde di-
hydroiodide (3e-2HI). A solution of diiodide 1a (0.50 g,
1.12 mmol) in anhydrous MeCN (10 mL) and a solution of
diazacrown ether 2e (0.23 g, 0.86 mmol) in anhydrous MeCN
(10 mL) were simultaneously added with stirring and refluxing
to a suspension of Na,COj; (0.59 g 5.6 mmol) in anhydrous
MeCN (70 mL) for 1 h. The reaction mixture was refluxed for
20 h and then cooled. The precipitate that formed was filtered
off and the filtrate was concentrated in vacuo. The residue was
dissolved in CHCl; and the solution was washed with water and
concentrated in vacuo. The residue was transferred to a thin
silica gel layer (4 =7 cm). Elution with a benzene—ethyl acetate
mixture (20 : 1) afforded the starting compound 1a in a yield of
0.20 g. Subsequent elution with a gradient benzene—ethanol
mixture (to 33%) gave 3e-2HI in a yield of 0.29 g (46%) as a
yellow powder, m.p. 134—138 °C (MeOH—Et,0). Found (%):
C, 38.15; H, 5.09. Cy3H3,N,0,-2HI-H,0. Calculated (%):
C, 38.03; H, 5.55. 'H NMR (DMSO-d,, 25 °C), & 2.55—2.70
(m, 8 H, 4 CH,N); 2.76 (m, 4 H, 2 CH,N); 3.49 (m, 8 H,
4 CH,0); 3.57 (s, 8 H, 4 CH,0); 4.26 and 4.30 (both m,
2 H each, CH,0Ar); 7.32 (d, 1 H, H(9), / = 7.9 Hz); 7.51 (s,
1 H, H(6)); 7.60 (d, 1 H, H(8), / = 7.9 Hz); 9.87 (s, 1 H,
CH=0). IR (in film), v/cm~': 1685 (C=0). MS, m/z (I, (%)):
452 [M — 2 HIJ* (2), 315 (48), 144 (67), 114 (92), 100 (90), 84
(49), 71 (48), 70 (80), 57 (59), 56 (100), 55 (46).

Synthesis of benzodiazacrown ethers 3a,c using diiodide con-
taining an acetal protective group. A mixture of diiodide la
(1.00 g, 2.24 mmol), triethyl orthoformate (0.56 mL, 3.00 mmol),
NH,CI (10 mg, 0.2 mmol), and anhydrous EtOH (2 mL) was
refluxed for 3 h, concentrated, and dried in vacuo. The residue,
which contained (according to the '"H NMR spectroscopic data)
a mixture of 1a and its acetal 1b in a ratio of =5 : 95, was used in
condensation with diamines 2a,c.

A solution of a mixture of 1a and 1b (=5 : 95) in anhydrous
MeCN (10 mL) and a solution of diamine 2a,c (2.6 mmol) in
anhydrous MeCN (10 mL) were simultaneously added with stir-
ring and refluxing to a suspension of K,CO5 (1.55 g, 11.2 mmol)
in anhydrous MeCN (100 mL) for 30 min. The reaction mixture
was refluxed for 20 h and then cooled. The precipitate was
filtered off, the filtrate was concentrated in vacuo, and the resi-
due was chromatographed on Al,O; using a benzene—ethanol
mixture (20 : 1) as the eluent. The reaction of diamine 2a af-
forded diazacrown ether 3a in a yield of 0.36 g (47%). The
reaction of diamine 2c¢ gave rise to acetal 3f and aldehyde 3¢ in
yields of 0.57 g (58%) and 0.11 g (14%), respectively.
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Hydrolysis of diethyl acetal 3f was carried out by keeping a
solution of acetal (362 mg) in 5% HCI (10 mL) at =20 °C for one
day. Then a 5% NaOH solution was added to pH 10. The reac-
tion mixture was extracted with CHCIl; (3x20 mL), the chloro-
form extracts were concentrated in vacuo, and the residue was
purified as described in the synthesis of 3¢ from 1a. Crown ether
3¢ was isolated in a yield of 72 mg (24%) as a yellow oil.

4-Diethoxymethyl-1,2-bis(2-iodoethoxy)benzene  (1b).
'H NMR (C¢Dg 30 °C), 8: 1.15 (t, 6 H, 2 Me, J = 7.1 Hz); 2.90
(t,2 H, CH,1,J=6.6 Hz); 2.91 (t, 2 H, CH,1, J= 6.7 Hz); 3.42
(dq, 2 H, 2 CH,H Me, J =9.6 Hz, /= 7.1 Hz); 3.56 (dq, 2 H,
2 CH,HMe, J=9.6 Hz, /="7.1 Hz); 3.79 (t, 2 H, CH,0Ar, J=
6.7 Hz); 3.80 (t, 2 H, CH,OAr, J = 6.6 Hz); 545 (s, 1 H,
CHAr); 6.62 (d, 1 H, H(6), J=8.2 Hz); 7.14 (dd, 1 H, H(5), /=
8.2 Hz, /=19 Hz);7.16 (d, 1 H, H(3), /= 1.9 Hz).

18-Diethoxymethyl-4,13-dimethyl-3,4,5,6,8,9,12,13,14,15-
decahydro-2H,11H-benzo-1,7,10,16,4,13-tetraoxadiazacyclo-
octadecene (3f), yellow oil. 'H NMR (CDCI;—CCl, (1 : 1)
25°C), &: 1.23 (t, 6 H, 2 MeCH,); 2.38 and 2.39 (both s, 6 H,
2 MeN); 2.83 (m, 4 H, 5- and 12-CH,N); 3.00 (t, 4 H, 3- and
14-CH,N, J = 5.5 Hz); 3.44—3.62 (m, 8 H, 2 CH,Me, 8- and
9-CH,0); 3.65 (t, 4 H, 6- and 11-CH,0, J = 5.6 Hz); 4.08 (m,
4 H, 2- and 15-CH,0); 5.41 (s, 1 H, CHAr); 6.80 (d, 1 H,
H(20), J = 8.2 Hz); 6.94 (dd, 1 H, H(19), / = 8.2 Hz, J =
1.5 Hz); 6.97 (d, 1 H, H(17), J = 1.5 Hz). MS, m/z (I, (%)):
440 [M]™ (1), 282 (90), 229 (92), 146 (88), 132 (90), 100 (91), 72
(94), 71 (93), 70 (100), 58 (96), 57 (95).

4,13-Bis(ethoxycarbonylmethyl)-3,4,5,6,8,9,12,13,14,15-
decahydro-2H,11H-benzo-1,7,10,16,4,13-tetraoxadiazacyclo-
octadecene-18-carbaldehyde (7). A. A solution of diazacrown
ether 3a (64 mg, 0.19 mmol), ethyl bromoacetate (53 pL,
0.47 mmol), and dry triethylamine (66 pL, 0.47 mmol) in an-
hydrous THF (5 mL) was kept at =20 °C for one week. Then the
solvent was evaporated in vacuo and the residue was chromato-
graphed on Al,O; using successively a benzene—ethyl acetate
mixture (20 : 1) and a benzene—ethanol mixture (20 : 1) as the
eluent. Diester 7 was prepared in a yield of 52 mg (54%) as a
viscous yellow oil. 'H NMR (CDCl;, 25 °C), &: 1.26 and 1.27
(both t, 6 H, 2 MeCH,, / =7.2 Hz, / = 7.0 Hz); 3.07 (m, 4 H,
5- and 12-CH;,N); 3.27 (m, 4 H, 3- and 14-CH,N); 3.55 and
3.56 (both s, 4 H, 2 CH,CO,); 3.57 (s, 4 H, 8- and 9-CH,0);
3.64 (m, 4 H, 6- and 11-CH,0); 4.12—4.22 (m, 8§ H, 2 CH,Me,
2- and 15-CH,0); 6.96 (d, 1 H, H(17), J = 8.1 Hz); 7.39 (d,
1 H, H(20), /= 1.9 Hz); 7.43 (dd, 1 H, H(18), /= 8.1 Hz, J =
1.9 Hz); 9.84 (s, 1 H, CH=0). IR (in film), v/cm~!: 1732
(C=0), 1681 (C=0). MS, m/z (I, (%)): 510 [M]* (5), 438
(29), 437 (100), 280 (29), 144 (37), 142 (28), 130 (54), 114 (62),
100 (55), 70 (33), 56 (89).

B. A mixture of diazacrown ether 3a (90 mg, 0.27 mmol),
ethyl bromoacetate (60 uL, 0.54 mmol), and Na,CO; (140 mg,
1.35 mmol) in anhydrous MeCN (10 mL) was refluxed with
stirring for 35 h. The precipitate was filtered off, the filtrate was
concentrated in vacuo, and the residue was extracted with ben-
zene (3x50 mL). The benzene extracts were washed with water
(3x30 mL) and the solvent was distilled off in vacuo. The resi-
due, which contained (according to the TLC data) product 7,
was used without additional purification in the synthesis of acid 8.

4,13-Bis(carboxymethyl)-3,4,5,6,8,9,12,13,14,15-deca-
hydro-2H,11H-benzo-1,7,10,16,4,13-tetraoxadiazacycloocta-
decene-18-carbaldehyde (8). A solution of ester 7, which was

prepared according to the procedure B, in water (100 mL) was
refluxed with stirring for 80 h. After cooling, the reaction mix-
ture was extracted successively with Et,O (2x30 mL) and ben-
zene (3x20 mL). The aqueous phase was concentrated in vacuo.
Acid 8 was prepared in a yield of 110 mg (the total yield in two
steps was 83%) as a pale-yellow powder, m.p. 60—62 °C.
Found (%): C, 51.49; H, 7.18; N, 6.01. C5;H3yN,04-2H,0.
Calculated (%): C, 51.42; H, 6.99; N, 5.71. 'H NMR
(DMSO-dg, 30 °C), &: 2.86 (br.m, 4 H, 5- and 12-CH,N); 3.06
(br.m, 4 H, 3- and 14-CH,N); 3.37 (br.s, 4 H, 2 CH,CO,); 3.48
(s, 4 H, 8- and 9-CH,0); 3.51 (m, 4 H, 6- and 11-CH,0); 4.14
(t, 2 H, CH,0Ar, J = 5.2 Hz); 4.18 (t, 2 H, CH,0Ar, J =
5.3 Hz);7.19(d, 1 H, H(17), /= 8.4 Hz); 7.42 (d, 1 H, H(20),
J=1.7Hz);7.55(dd, 1 H, H(18), /=8.4 Hz, /= 1.7 Hz); 9.84
(s, 1 H, CH=0). IR (Nujol mulls), v/cm~!: 1738 (C=0),
1678 (C=0).
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