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Abstract: The macrocyclic tetraamides 8a–e were obtained in good
yields by bis-alkylation of the potassium salts of the appropriate bis-
phenols 7a–c with the dihalo compounds 2a,b. Similarly, macrocy-
clic tetraamides with pendant hydroxy group 18a,b were prepared
by the nucleophilic reaction of the potassium salts of 7a,b with the
dihalo compound 10. Acylation of 18a,b with chloroacetyl chloride
gave the corresponding ester 19a,b. Compounds 19a,b reacted with
different secondary amines to afford the corresponding lariat mac-
rocycles 20a–d and novel bis-macrocycle 21 in 50–65% yield.

Key words: macrocyclic teteraamides, acyclic diamides, lariat
macrocycles, bis-macrocyclic tetraamides

Much attention has been paid to the development of func-
tional groups in the ring of crown ethers in an attempt to
enhance the selectivity and the stability of complexes of
these ligands.1–4 For example, incorporation of an amide
linkage in a polyether macrocycle has been reported to
modify the binding properties of the crown ether com-
pounds to favor alkali and alkaline earth cations.5–12 Also,
it was reported that, macrocyclic ligands with amide func-
tional groups as binding sites show strong and selective
complexation towards noble metals,13–15 and transition
metals.16 Some substituted macrocyclic tetraamides
showed high selectivity for Ag+/Pd2+.17,18 Moreover, mac-
rocyclic amides were originally regarded as valuable in-
termediates for the synthesis of aza-crown ethers and
related compounds.19–21 In addition, some acyclic diamide
ligands are known to show high ion selectivity towards
lithium over sodium and other alkali metal ions.22–24 Fur-
thermore, there is an intensive development of the lariat
crown ethers concept25 which led to the synthesis of large
numbers of side-armed crown compounds, designed for
uses ranging from routine (polymer-supported PTC cata-
lysts, separation/extraction reagents, etc.) to sophisticated
(application as redox switches for membrane transport,
synthetic cation-conducting channels, etc.).26 Lariat
crown compounds can mimic the cation binding behavior
of naturally occurring ionophores such as valinomycin,27

where the side arm can effectively participate in the coor-
dination and lead to higher cation-binding affinities for
the new compounds compared with the parent macrocycle
containing no extra donor sites.28,29

Keeping the above facts in mind, and in continuation of
my interest in the synthesis of macrocyclic ligands with
amide functional groups30–33 and bis-macrocycles,34 I am
now engaged in a project directed towards the synthesis of
27–29-membered macrocyclic tetramides, acyclic di-
amides and their lariat derivatives with strong donor het-
eroatoms in the side arm as well as the bis-macrocyclic
tetraamides aiming at the increase of their cation binding
affinities. In this project a new methodology for the syn-
thesis of the target macrocycles from activated bis(chloro-
acetamidophenoxy)alkanes and bis-phenolic compounds
was used which are easily prepared from commercially
available starting materials. Thus, reaction of 1, �-bis(2-
aminophenoxy)alkane hydrochlorides 1a,b with chloro-
acetyl chloride in DMF at 100 °C afforded exclusively the
corresponding 1,�-bis(2-chloroacetamidophenoxy)al-
kanes 2a,b in 70–76% yields. The latter compounds ex-
hibit high reactivity towards different nucleophiles as
shown in Scheme 1. Reaction of 2a,b with the potassium
salts of 3a,b [obtained upon treatment of salicyaldehyde
(3a) and o-nitrophenol (3b) with methanolic potassium
hydroxide solution] in boiling DMF gave the correspond-
ing bis-{2-[2-formyl or (2-nitrophenoxy)acetamidophe-
noxy]}alkanes 4a,b, respectively, in moderate yields (50–
60%). Moreover, compounds 2a,b reacted with different
secondary amines (namely, piperidine, morpholine, and
N,N-diethylamine) to furnish the corresponding N-mor-
pholino, N-piperidino, and N,N-diethylamino derivatives
5a–c and 6a,b, respectively, in 59–70% yields. The struc-
tures of compounds 4a,b, 5a–c and 6a,b were inferred
from the different spectroscopic and analytical data.
These results prompted a study of the reactivity of 2a,b
towards bis-phenolic compounds aiming at preparing
novel macrocycles tetraamides. Thus, treatment of 2a
with the potassium salt of bis-phenol 7a (obtained upon
treatment of 7a with methanolic potassium hydroxide so-
lution) under the same reaction conditions used for pre-
paring 4a,b afforded the corresponding 27-membered
macrocyclic tetraamide 8a in 30% yield. Similarly, the
27–29-membered macrocyclic 8b–d were easily obtained
in 26–35% yield by reacting the potassium salts of the ap-
propriate bis-phenols 7a–c with 2a,b in refluxing DMF. 

Next, the study was extended to include the synthesis of
some new acyclic diamides, lariat macrocyclic tertaa-
mides as well as bis-macrocyclic tetraamide as outlined in
Schemes 2 and 3. For this purpose, our strategy was based
on using 2-hydroxy-1,3-bis(2-aminophenoxy)propane
hydrochloride (9) as a starting material to synthesize the
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key intermediate compound 10. Thus, reaction of two
equivalents of chloroacetyl chloride with one equivalent
of 9 in DMF at 100 °C afforded the trichloroacyl product
11 in 40% yield and not the desired dichloroacyl product
10 (<2%) as expected with recovery of about 30% of start-
ing material (TLC and 1H NMR spectrum). As a result of
the low yield of the target dichloroacyl product 10, the re-
action was repeated using different reaction conditions
and solvents. Surprisingly, compound 10 could be ob-
tained as the major product (70% yield) by reacting one
equivalent of 9 with two equivalents of chloroacetyl chlo-
ride in DMF at –5 °C with the formation of traces of 11
(<2%). It is noteworthy that compound 11 could be ob-
tained in 90% yield by reaction of 9 with three equivalents
of chloroacetyl chloride in DMF at 100 °C.

The reactivities of 10 and 11 towards different nucleo-
philes were investigated aimed at the preparation of new
acyclic diamides, their lariat analogues and bis-acyclic di-
amides. Thus, compound 11 reacts exclusively with piper-
idine and morpholine to give the corresponding triamino
derivatives 12a,b in 70% and 75% yields, respectively.
Similarly, reaction of 10 as a representative example with
morpholine gave the corresponding 2-hydroxy-1,3-bis(2-
N-morpholinoacetamidophenoxy)propane (13) in 65%
yield. Moreover, compound 10 reacted with the potassium
salt of salicyaldehyde and o-nitrophenol in boiling DMF
to afford the corresponding 2-formylphenoxy or 2-nitro-
phenoxy derivatives 14a,b in 55% and 60% yields, re-
spectively. Consequently, 14b reacted with chloroacetyl
chloride in DMF to afford the corresponding O-acyl prod-
uct 15 which reacted with morpholine and piperazine in

Scheme 1 D
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acetone to furnish the corresponding 2-(N-morpholino-
acetoxy) 16 and 1,4-bispiperazino derivative 17 in 70%
and 60% yields, respectively as depicted in Scheme 2.
The structure of the novel bis-product 17 was confirmed
by IR, 1H NMR, 13C NMR, and elemental analyses data. 

In continuation of the study and due to the success in the
synthesis of the novel acyclic diamide 16 and bis-piper-
azino derivative 17, the strategy was extended to the syn-
thesis of the target lariat and bis-macrocycles containing
four amide groups. For this purpose, compound 10 was
chosen as a key intermediate for preparing the macrocy-
cles with a pendant hydroxy group 18a,b, as precursors

for synthesis of lariat and bis-macrocycles as outlined in
Scheme 3. Thus, reaction of 10 with the bis-potassium salt
of 7a,b gave 15-hydroxy macrocyclic tetraamides 18a,b
as expected in 40–45% yields. The latter compounds re-
acted with chloroacetyl chloride in DMF to furnish 15-
(chloroacetoxy) macrocycles 19a,b in 70–85% yields.
Treatment of esters 19a,b with N,N-diethylamine, mor-
pholine, and piperazine afforded the corresponding 15-
(N,N-diethylaminoacetoxy), 15-(N-morpholinoacetoxy)
and 1,4-bis-macrocycles 20a–d and 21 in 50–65% yields,
respectively. The structures of the compounds were con-
firmed by IR, 1H NMR, 13C NMR spectra and elemental
analyses data. 

Scheme 2
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From the 1H NMR and 13C NMR data of the new macro-
cyclic tetraamides 8a–e, 18a,b, 19a,b and 20a–d, the fol-
lowing conclusions were obtained: 

a) The magnetic equivalence of the OCH2 and NCH2 pro-
tons in 8a–e indicates rapid change in all macrocycles. 

b) Contrary to compounds 8a–e, the 15-substituted mac-
rocycles 18a,b, 19a,b and 20a–d show in their 1H NMR a
geminal coupling and nonequivalence in all OCH2 and
NCH2 protons. This indicates that the 15-substituted mac-
rocycles are evidently present in one stable conformer or

as slow (on the time scale of NMR) interconverting con-
formers. Evidence for the existence of the lariat deriva-
tives entirely as one stable nonconvertible conformer
comes from 13C NMR data (cf. experimental). Similar re-
sults were reported by Ibrahim et al.35 for some N-alkyl
derivatives A (R = Me, Et, PhCH2 and PhCO (Figure 1). 

c) The 1H NMR of all macrocyclic tetraamides in CDCl3

or DMSO-d6 showed a triplet or a broad singlet for NH in
NHCH2 group indicating a reduced rate of exchange in
these compounds. This behavior may be attributed to the
intermolecular hydrogen bonded structure B (Figure 1). 

Scheme 3
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Figure 1 N-Alkyl derivatives A and intermolecular hydrogen bon-
ded structure B

In conclusion, a new series of acyclic diamides and 27–
29-membered tetrabenzosubstituted macrocyclic tetra-
amides and their 15-hydroxy derivatives have been syn-
thesized as precursors for the synthesis of novel lariat
macrocycles containing strong donor group as supporting
ligand at the end of the side arm. The development of the
present reactions will provide a new way for the synthesis
of a new and wide variety of useful lariat macrocycles
having a variety of donar/acceptor end groups with side
arms of different lengths. In addition this project succeed-
ed to offer a facile method for a novel bis-macrocyclic
having two crown units connected by flexible bridge
which might form ‘sandwich complex’ (complex with
two crown moieties per cation).36–37 A study of the com-
plexing properties of the new macrocycles and their lariat
derivatives will be described in detail when the work is
completed. Further studies to develop new routes to intro-
duce new and different side arms and synthesis of bis-
macrocycles are in progress.

All melting points are uncorrected. IR spectra (KBr) were recorded
on a Perkin-Elmer 1430 spectrophotometer. NMR spectra were
measured with a Varian Mercury 300 (300 MHz 1H NMR, 75 MHz
13C NMR) spectrometer and chemical shifts are given in ppm from
TMS. 13C NMR spectra were recorded using APT pulse sequence
for compounds 17 and 20b. Mass spectra were recorded on HP
5988A (EI, 15 eV). 1,2-Diaminoethane, 1,3-diaminopropane, 1,4-
diaminobutane, 1,3-dibromopropane and 1,4-dibromobutane were
used as purchased from Aldrich. The starting compounds 1a,38 1b,39

7a,35 7b,c40 and 939 were prepared as reported.

Reaction of Bis-amines 1a,b and 9 with Chloroacetyl Chloride; 
Synthesis of Compounds 2a,b, 10 and 11; General Procedure 
To each solution of 1a,b, and 9 (5 mmol) in DMF (10 mL) was add-
ed chloroacetyl chloride [1.123 g (10 mmol) for the preparation of
2a,b, and 10 or 1.69 g (15 mmol) for the preparation of 11]. The re-
action mixture was stirred at 100 °C [(for compounds 2a,b, and 11)
and at –5 °C (for compound 10)] for 2 h. The mixture was then
poured onto crushed ice. The solid obtained was collected by filtra-
tion and crystallized from the appropriate solvent to afford 2a,b, 10
and 11. 

1,3-Bis[(2-chloroacetamido)phenoxy]propane (2a)
With the use of the general procedure, 1a gave crude 2a which was
crystallized from toluene to give colorless crystals (70%); mp 182–
184 °C.

IR (KBr): 3287 (NH), 1679 cm–1 (C=O).

1H NMR (DMSO-d6): � = 2.27 (quintet, J = 6.2 Hz, 2 H,
OCH2CH2), 4.28 (t, J = 6.2 Hz, 4 H, OCH2), 4.37 (s, 4 H, CH2Cl),
6.90–7.96 (m, 8 H, ArH), 9.35 (s, 2 H, NH). 

Anal. Calcd for C19H20Cl2N2O4 (411.28): C, 55.49; H, 4.90; N, 6.81;
Cl, 17.24. Found: C, 55.51; H, 4.85; N, 6.85; Cl, 17.12.

1,4-Bis[(2-chloroacetamido)phenoxy]butane (2b)
By the general procedure, 1b gave crude 2b which was crystallized
from benzene to give colorless crystals (76%); mp 152–154 °C.

IR (KBr): 3396 (NH), 1647 cm–1 (C=O).
1H NMR (DMSO-d6): � = 2.1 (br s, 4 H, OCH2CH2), 4.15 (br s, 4 H,
OCH2), 4.18 (s, 4 H, CH2Cl), 6.88–8.35 (m, 8 H, ArH), 9.03 (s, 2 H,
NH). 

Anal. Calcd for C20H22Cl2N2O4 (425.31): C, 56.48; H, 5.21; N, 6.59;
Cl, 16.67. Found: C, 56.52; H, 5.30; N, 6.40; Cl, 16.72.

2-Hydroxy-1,3-bis(2-chloroacetamidophenoxy)propane (10)
By the general procedure, 9 gave crude 10 which was crystallized
from benzene to give colorless crystals (70%); mp 144–146 °C. 

IR (KBr): 3533 (NH), 3287 (OH), 1668 cm–1 (C=O). 
1H NMR (CDCl3): � = 3.04 (br s, 1 H, OH), 4.15 (s, 4 H, CH2Cl),
4.28 (d, J = 4.5 Hz, 4 H, OCH2), 4.47 (quintet, J = 4.8 Hz, 1 H,
CHO), 6.93–8.24 (m, 8 H, ArH), 8.93 (br s, 2 H, NH). 

Anal. Calcd for C19H20Cl2N2O5 (427.28): C, 53.41; H, 4.72; N, 6.56;
Cl, 16.59. Found: C, 53.49; H, 4.59; N, 6.65; Cl, 16.66.

2-Chloroacetoxy-1,3-bis(2-chloroacetamidophenoxy)propane 
(11)
By the general procedure, 9 gave crude 11 which was crystallized
from benzene to give colorless crystals (90%); mp 138–140 °C.

IR (KBr): 3382 (NH), 1760, 1682 cm–1 (C=O).
1H NMR (CDCl3): � = 4.14 (s, 2 H, OCOCH2), 4.21 (s, 4 H, CH2Cl),
4.42 (m, 4 H, OCH2), 5.76 (quintet, J = 5.1 Hz, 1 H, CHO), 6.89–
8.36 (m, 8 H, ArH), 8.86 (br s, 2 H, NH). 

Anal. Calcd for C21H21Cl3N2O6 (503.77): C, 50.07; H, 4.20; N, 5.56;
Cl, 21.11. Found: C, 50.22; H, 4.12; N, 5.64; Cl, 21.04.

Potassium Salts of Compounds 3a,b and 7a-c; General Proce-
dure
To a solution of KOH (1.14 g, 10 mmol) in MeOH (10 mL) was
added salicylaldehyde (3a), o-nitrophenol (3b) (10 mmol), or bis-
phenols 7a–c (5 mmol). The mixture was stirred at r.t. for 10 min.
The solvent was then removed in vacuo. The remaining solid was
triturated with anhyd Et2O, collected, dried, and used in the next
step without further purification.

Compounds 4a,b, 14a,b and Macrocyclic Tetraamides 8a–e and 
18a,b; General Procedure
A solution of the appropriate potassium salt of 3a,b (20 mmol), or
7a–c (10 mmol) and the appropriate dichloro compound 2a,b, or 10
(10 mmol) in DMF (20 mL) was heated under reflux for 10 min dur-
ing which time KCl precipitated. The solvent was then removed in
vacuo and the remaining material was washed with H2O (50 ml) and
crystallized from the appropriate solvent to give compounds 4a,b,
14a,b, 8a–e and 18a,b. 

1,3-Bis[2-(2-formaylphenoxy)acetamidophenoxy]propane (4a)
By the general procedure, the potassium salt of 3a and 2a gave
crude 4a which was crystallized from dioxane to give pale yellow
crystals (50%); mp 222–224 °C.

IR (KBr): 3404 (NH), 1687, 1600 cm–1 (C=O).
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1H NMR (DMSO-d6): � = 2.2 (quintet, J = 5.6 Hz, 2 H, OCH2CH2),
4.17 (t, J = 5.4 Hz, 4 H, OCH2), 4.89 (s, 4 H, COCH2), 6.85–8.01
(m, 16 H, ArH), 9.23 (s, 2 H, NH), 10.48 (s, 2 H, CHO).

Anal. Calcd for C33H30N2O8 (582.61): C, 68.03; H, 5.19; N, 4.81.
Found: C, 68.20; H, 5.25; N, 4.71.

1,4-Bis[2-(2-nitrophenoxy)acetamidophenoxy]butane (4b)
By the general procedure, the potassium salt of 3b and 2b gave
crude 4b which was crystallized from AcOH to give colorless crys-
tals (60%); mp 204–205 °C.

IR (KBr): 3372 (NH), 1673 (C=O), 1526, 1346 cm–1 (NO2).
1H NMR (DMSO-d6): � = 1.89 (br s, 4 H, OCH2CH2), 4.09 (br s, 4
H, OCH2), 4.88 (s, 4 H, COCH2), 8.87–8.15 (m, 16 H, ArH), 9.04
(s, 2 H, NH). 

Anal. Calcd for C32H30N4O10 (630.61): C, 60.95; H, 4.79; N, 8.88.
Found: C, 61.06; H, 4.85; N, 8.78.

2-Hydroxy-1,3-bis[2-(2-formylphenoxy)acetamidophenoxy]-
propane (14a)
By the general procedure, the potassium salt of 3a and 10 gave
crude 14a which was crystallized from dioxane–EtOH to give pale
yellow crystals (55%); mp 190–192 °C. 

IR (KBr): 3396 (NH), 1647 cm–1 (C=O). 
1H NMR (CDCl3): � = 4.21 (d, J = 4.1 Hz, 4 H, OCH2), 4.45 (br s,
1 H, CHOH), 4.72 (s, 4 H, COCH2), 5.10 (d, J = 5.7 Hz, 1 H, OH),
6.86–8.36 (m, 16 H, ArH), 9.34 (s, 2 H, NH), 10.22 (s, 2 H, CHO). 

Anal. Calcd for C33H30N2O9 (598.61): C, 66.21; H, 5.05; N, 4.68.
Found: C, 66.40; H, 4.99; N, 4.52.

2-Hydroxy-1,3-bis[2-(2-nitrophenoxy)acetamidophenoxy]pro-
pane (14b)
By the general procedure, the potassium salt of 3b and 10 gave
crude 14b which was crystallized from dioxane to  give pale yellow
crystals (60%); mp 209–211 °C.

IR (KBr): 3359 (NH), 3340 (OH), 1691 (C=O), 1520, 1342 cm–1

(NO2).
1H NMR (DMSO-d6): � = 4.18 (m, 4 H, OCH2), 4.37 (br s, 1 H,
CHOH), 4.95 (s, 4 H, COCH2), 5.42 (d, J = 5.6 Hz, 1 H, OH), 6.91–
8.09 (m, 16 H, ArH), 9.23 (s, 2 H, NH). 

Anal. Calcd for C31H28N4O11 (632.58): C, 58.86; H, 4.46; N, 8.86.
Found: C, 58.99; H, 4.31; N, 8.99.

6,14,15,24,32,33-Hexahydro-16H-tetrabenzo[b,h,p,v]-
[1,7,18,24,4,11,14,21]tetraoxatetraazacycloheptacosin-
7,23,30,35-(8H,22H,31H,34H)tetraone (8a)
By the general procedure, the potassium salt of 7a and 2a gave
crude 8a which was crystallized from EtOH to give colorless crys-
tals (30%); mp 172–173 °C.

IR (KBr): 3528, 3472 (NH), 1692, 1634 cm–1 (C=O).
1H NMR (CDCl3): � = 1.6 (quintet, J = 6.6 Hz, 2 H, OCH2CH2),
3.48 (t, J = 6.6 Hz, 4 H, OCH2), 3.78 (br s, 4 H, CH2N), 4.92 (s, 4
H, COCH2), 6.49–8.39 (m, 16 H, ArH), 8.75 (br s, 2 H, CH2NHCO),
8.85 (s, 2 H, NHCOCH2). 

MS: m/z (%) = 638 (M+, 12.1), 504 (11), 462 (7.2), 353 (11.2), 284
(38.8), 258 (10.5), 175 (28.8), 150 (15.1), 133 (100), 108 (28.7).

Anal. Calcd for C35H34N4O8 (638.68): C, 65.82; H, 5.37; N, 8.77.
Found: C, 65.91; H, 5.25; N, 8.71.

6,14,15,24,32,33-Hexahydro-16H,34H-tetrabenzo[b,h,q,w]-
[1,7,19,25,4,11,15,22]tetraoxatetraazacyclooctacosin-
7,23,30,36-(8H,22H,31H,35H)tetraone (8b)
By the general procedure, the potassium salt of 7b and 2a gave
crude 8b which was crystallized from AcOH to give colorless crys-
tals (35%); mp 258–260 °C. 

IR (KBr): 3389, 3343 (NH), 1688, 1652 cm–1 (C=O). 
1H NMR (DMSO-d6): � = 1.74 (quintet, J = 5.8 Hz, 2 H,
NCH2CH2), 2.03 (quintet, J = 6.4 Hz, 2 H, OCH2CH2), 3.43 (m, 4
H, CH2N), 4.07 (t, J = 6.4 Hz, 4 H, OCH2), 4.81 (s, 4 H, COCH2),
6.80–7.99 (m, 16 H, ArH), 8.72 (t, 2 H, J = 5 Hz, CH2NHCO), 9.31
(s, 2 H, NHCOCH2). 

MS: m/z (%) = 652 (M+, 8.8), 518 (8.7), 418 (11.2), 284 (45.7), 258
(14.2), 133 (100), 118 (25.1), 105 (10.4).

Anal. Calcd for C36H36N4O8 (652.70): C, 66.25; H, 5.56; N, 8.58.
Found: C, 66.09; H, 5.49; N, 8.49.

6,14,15,24,32,33,34,35-Octahydro-16H-tetrabenzo[b,h,r,x]-
[1,7,20,26,4,11,16,23]tetraoxatetraazacyclononacosin-
7,23,30,37-(8H,22H,31H,36H)tetraone (8c)
By general procedure, the potassium salt of 7c and 2a gave crude 8c
which was crystallized from EtOH to give colorless crystals (25%);
mp 248–250 °C. 

IR (KBr): 3310 (NH), 1710, 1633 cm–1 (C=O).
1H NMR (DMSO): � = 1.58 (br s, 4 H, CH2CH2N), 2.13 (quintet,
J = 6.2 Hz, 2 H, OCH2CH2), 3.25 (m, 4 H, CH2N), 4.17 (t, J = 6.2
Hz, 4 H, OCH2), 4.72 (s, 4 H, COCH2), 6.79–7.90 (m, 16 H, ArH),
8.53 (t, 2 H, J = 5.2 Hz, CH2NHCO), 9.32 (s, 2 H, NHCOCH2).

MS: m/z (%) = 666 (M+, 4.8), 532 (3.3), 418 (7.1), 284 (32.8), 258
(8.3), 133 (100), 118 (18.8), 108 (28.6). 

Anal. Calcd for C37H38N4O8 (666.73): C, 66.65; H, 5.74; N, 8.40.
Found: C, 66.55; H, 5.69; N, 8.22.

6,14,15,16,17,25,33,34-Octahydrotetrabenzo[b,h,p,v]-
[1,7,18,24,4,11,14,21]tetraoxatetraazacyclooctacosin-
7,24,31,36-(8H,23H,32H,35H)tetraone (8d)
By the general procedure, the potassium salt of 7a and 2b gave
crude 8d which was crystallized from dioxane to give colorless
crystals (30%); mp 215–217 °C.

IR (KBr): 3394, 3356 (NH), 1682, 1653 cm–1 (C=O).
1H NMR (DMSO-d6): � = 1.58 (br s, 4 H, CH2CH2O), 3.50 (m, 4 H,
CH2N), 3.85 (br s, 4 H, OCH2), 4.81 (s, 4 H, COCH2), 6.88–7.99 (m,
16 H, ArH), 8.79 (br s, 2 H, CH2NHCO), 9.17 (s, 2 H, NHCOCH2).

MS: m/z (%) = 652 (M+, 13.3), 518 (12.2), 432 (10.8), 387 (28), 324
(21.8), 272 (13.5), 188 (58.7), 183 (63), 147 (17.6), 133 (100).

Anal. Calcd for C36H36N4O8 (652.70): C, 66.25; H, 5.56; N, 8.58.
Found: C, 66.33; H, 5.49; N, 8.65.

6,14,15,16,17,25,33,34-Octahydro-35H-tetrabenzo[b,h,q,w]-
[1,7,19,25,4,11,15,22]tetraoxatetraazacyclononacosin-
7,24,31,37-(8H,23H,32H,36H)tetraone (8e)
By the general procedure, the potassium salt of 7b and 2b gave
crude 8e which was crystallized from AcOH to give colorless crys-
tals (26%); mp 220–222 °C. 

IR (KBr): 3406, 3341 (NH), 1685, 1648 cm–1 (C=O). 
1H NMR (DMSO-d6): � = 1.62 (m, 6 H, CH2CH2N + CH2CH2O),
3.36 (m, 4 H, CH2N), 3.88 (s, 4 H, OCH2), 4.86 (s, 4 H, COCH2),
6.89–8.02 (m, 16 H, ArH), 8.62 (t, J = 5.4 Hz, 2 H, CH2NHCO),
9.22 (s, 2 H, NHCOCH2).

MS: m/z (%) = 666 (M+, 8.3), 532 (4.9), 432 (9.5), 298 (29.5), 272
(12.4), 233 (2.4), 188 (58.9), 163 (52.6), 143 (10), 133 (100), 104
(52.5); 
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Anal. Calcd for C37H38N4O8 (666.73): C, 66.65; H, 5.74; N, 8.40.
Found: C, 66.70; H, 5.85; N, 8.50.

15-Hydroxy-6,14,15,24,32,33-hexahydro-16H-tetrabenzo-
[b,h,p,v][1,7,18,24,4,11,14,21]tetraoxatetraazacycloheptacosin-
7,23,30,35-(8H,22H,31H,34H)tetraone (18a)
By the general procedure, the potassium salt of 7a and 10 gave
crude 18a, which was purified by column chromatography using
EtOAc–petroleum ether (bp 40–60 °C) as an eluent, to give color-
less crystals (40%); mp 94–96 °C. 

IR (KBr): 3387, 3071 (OH, NH), 1682, 1643 cm–1 (C=O). 
1H NMR (CDCl3): � = 3.69 (d, J = 4.8 Hz, 4 H, OCH2), 3.78 (br s,
4 H, CH2N), 3.81 (quintet, J = 4.8 Hz, 1 H, CHOH), 4.01 (br s, 1 H,
OH), 4.81 (d, J = 15.9 Hz, 2 H, upfield of COCH2), 4.89 (d,,
J = 15.9 Hz, 2 H, downfield of COCH2), 6.64–8.33 (m, 16 H, ArH),
8.10 (br s, 2 H, CH2NHCO), 8.99 (s, 2 H, NHCOCH2).

MS: m/z (%) = 654 (M+, 6.8), 520 (3.5), 461 (3), 359 (1.5), 300
(16.2), 134 (100), 105 (4), 77 (3.2). 

Anal. Calcd for C35H34N4O9 (654.68): C, 64.21; H, 5.23; N, 8.56.
Found: C, 64.29; H, 5.43; N, 8.40.

15-Hydroxy-6,14,15,24,32,33-hexahydro-16H,34H-tetrabenzo-
[b,h,q,w][1,7,19,25,4,11,15,22]tetraxatetraazacyclooctacosin-
7,23,30,36-(8H,22H,31H,35H)tetraone (18b)
By the general procedure, the potassium salt of 7b and 10 gave
crude 18b, which was purified by column chromatography using
EtOAc–petroleum ether (bp 40–60 °C) as an eluent, to give color-
less crystals (45%); mp166–168 °C. 

IR (KBr): 3400, 3347 (NH), 1686, 1639 cm–1 (C=O). 
1H NMR (CDCl3): � = 1.92 (m, 2 H, NCH2CH2), 3.5–3.95 (m, 9 H,
CH2N, OCH2, CHOH), 4.63 (d, J = 4.2 Hz, 1 H, OH), 4.81 (d,
J = 15.6 Hz, 2 H, upfield of COCH2O), 4.95 (d, J = 15.5 Hz, 2 H,
downfield of COCH2O), 6.65–8.36 (m, 16 H, ArH), 7.83 (t, J = 5.5
Hz, 2 H, CH2NHCO), 9.06 (s, 2 H, NHCOCH2). 

MS: m/z (%) = 668 (M+, 8.9), 592 (8.2), 491 (8.1), 383 (10), 285
(100), 133 (84.8).

Anal. Calcd for C36H36N4O9 (668.70): C, 64.66; H, 5.43; N, 8.38.
Found: C, 64.50; H, 5.55; N, 8.19.

Reaction of Chloroacetyl Chloride with 14b and 18a,b; Synthe-
sis of Compounds 15 and 19a,b; General Procedure
To a solution of each of 14b and 18a,b (5 mmol) in DMF (10 mL)
was added chloroacetyl chloride (1.36 g, 12 mmol). The reaction
mixture was stirred at r.t. for 2 h and then poured onto crushed ice.
The solid obtained was collected by filtration and crystallized from
the appropriate solvent for each derivative to afford 15 and 19a,b. 

2-Chloroacetoxy-1,3-bis[2-(2-nitrophenoxy)acetamidophen-
oxy]propane (15)
By the general procedure, 14b gave crude 15, which was crystal-
lized from benzene to give colorless crystals (65%); mp 150–
152 °C. 

IR (KBr): 3375 (NH), 1761, 1688 (C=O), 1526, 1345 cm–1 (NO2). 
1H NMR (CDCl3): � = 4.04 (s, 2 H, CH2Cl), 4.43 (m, 4 H, OCH2),
4.71 (s, 4 H, CH2CO), 5.76 (quintet, 1 H, J = 5.1, CHO), 6.88–8.29
(m, 16 H, ArH), 9.07 (s, 2 H, NH).

Anal. Calcd for C33H29ClN4O12 (709.06): C, 55.90; H, 4.12; N, 7.90;
Cl, 5.00. Found: C, 55.81; H, 3.98; N, 7.85; Cl, 4.90.

15-Chloroacetoxy-6,14,15,24,32,33-hexahydro-16H-tetraben-
zo[b,h,p,v][1,7,18,24,4,11,14,21]tetraoxatetraazacycloheptaco-
sin-7,23,30,35-(8H,22H,31H,34H)tetraone (19a)
By the general procedure 18a, gave crude 19a, which was crystal-
lized from EtOH to give colorless crystals (85%); mp 218–220 °C.

IR (KBr): 3348, 3248 (NH), 1759, 1682, 1643 cm–1 (C=O).
1H NMR (CDCl3): � = 3.70 (s, 2 H, CH2Cl), 3.76 (m, 4 H, CH2N),
3.95 (d, 4 H, J = 5.8 Hz, 4 H, OCH2), 4.80 (d, J = 15.5 Hz, 2 H, up-
field of COCH2O), 4.92 (d, J = 15.5 Hz, 2 H, downfield of
COCH2O), 5.44 (quintet, J = 5.7 Hz, 1 H, CHO), 6.72–8.32 (m, 16
H,  ArH), 8.35 (br s, 2 H, CH2NHCO), 8.85 (s, 2 H, NHCOCH2). 

MS: m/z (%) = 731 (M+, 1.5), 671 (1.6), 577 (6.5), 524 (5.4), 368
(57), 236 (100), 152 (18.4), 98 (9.5).

Anal. Calcd for C37H35ClN4O10 (731.16): C, 60.78; H, 4.82; N, 7.66;
Cl, 4.85. Found: C, 60.88; H, 4.94; N, 7.71; Cl, 4.93.

15-Chloroacetoxy-6,14,15,24,32,33-hexahydro-16H,34H-tetra-
benzo[b,h,q,w][1,7,19,25,4,11,15,22]tetraoxatetraazacycloocta-
cosin-7,23,30,36-(8H,22H,31H,35H)tetraone (19b)
By the general procedure, 18b gave crude 19b, which was crystal-
lized from AcOH–EtOH, to give colorless crystals (70%); mp 244–
246 °C. 

IR (KBr): 3387, 3347 (NH), 1765, 1692, 1635 cm–1 (C=O). 
1H NMR (CDCl3): � = 1.84 (m, 2 H, CH2CH2N), 3.22–3.29 (m, 2 H,
CH2N), 3.71–3.82 (m, 4 H, CH2Cl, CH2N), 3.90–4.0 (m, 4 H,
OCH2), 4.63 (d, J = 15 Hz, 2 H, upfield of COCH2O), 4.95 (d,
J = 15.3 Hz, 2 H, downfield of COCH2O), 5.43 (quintet, J = 5.7 Hz,
1 H, CHO), 6.69–8.23 (m, 16 H, ArH), 8.14 (t, J = 5.7 Hz 2 H,
CH2NHCO), 8.97 (s, 2 H, NHCOCH2). 

MS: m/z (%) = 745 (M+, 12), 581 (11), 488 (11.5), 314 (85), 224
(23), 177 (100), 120 (52).

Anal. Calcd for C38H37ClN4O10 (745.18): C, 61.25; H, 5.00; N, 7.52;
Cl, 4.76. Found: C, 61.40; H, 4.93; N, 7.75; Cl, 4.60.

Reaction of Compounds 2a,b, 10, 11, 15 and 19a,b with Second-
ary Amines; Synthesis of Compounds 5a–c, 6a,b, 12a,b, 13, 16, 
17, 20a–d and 21); General Procedure
A mixture of each of 2a,b, 10, 11, 15 and 19a,b (5 mmol) and ex-
cess of the appropriate secondary amines (N,N-diethylamine, mor-
pholine and piperidine) or [6 mmol of compounds 15, 19a and 3
mmol of piperazine and few drops of Et3N for synthesis of com-
pounds 17 and 21] in acetone (50 mL) was heated under reflux for
10 min, and then stirred at r.t overnight. (For the synthesis of com-
pounds 17 and 21, the reaction mixture was heated under reflux for
24 h). The solvent was then removed in vacuo. The solid obtained
was washed with cold H2O and crystallized from the proper solvent
to give compounds 5a–c, 6a,b, 12a,b, 13, 16, 17, 20a–d and 21.

1,3-Bis[2-(N-piperidino)acetamidophenoxy]propane (5a)
By the general procedure, 2a and piperidine gave crude 5a, which
was crystallized from EtOH to give colorless crystals (65%); mp
150–152 °C.
1H NMR (CDCl3): � = 1.38 (quintet, J = 5.4 Hz, 4 H,
CH2CH2CH2N), 1.55 (quintet, J = 5.1 Hz, 8 H, CH2CH2CH2N),
2.41–2.52 (m, 10 H, CH2N, CH2CH2O), 3.08 (s, 4 H, COCH2), 4.31
(t, J = 6.3 Hz, 4 H, OCH2), 6.80–8.46 (m, 8 H, ArH), 9.81 (s, 2 H,
NH). 

Anal. Calcd for C29H40N4O4 (508.66): C, 68.48; H, 7.93; N, 11.01.
Found: C, 68.40; H, 7.91; N, 11.21.
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1,3-Bis[2-(N-morpholino)acetamidophenoxy]propane (5b)
By the general procedure, 2a and morpholine gave crude 5b, which
was crystallized from EtOH to give colorless crystals (70%); mp
176–178 °C.

IR (KBr): 3301 (NH), 1685 cm–1 (C=O).
1H NMR (CDCl3): � = 2.49 (quintet, J = 6.2 Hz, 2 H, CH2CH2O),
2.57 (t, J = 4.4 Hz, 8 H, CH2N), 3.15 (s, 4 H, COCH2N), 3.68 (t,
J = 4.6 Hz, 8 H, OCH2CH2N), 4.32 (t, J = 6.4 Hz, 4 H, OCH2),
6.87–8.47 (m, 8 H, ArH), 9.69 (s, 2 H, NH). 

Anal. Calcd for C27H36N4O6 (512.60): C, 63.26; H, 7.08; N, 10.93.
Found: C, 63.11; H, 7.27; N, 10.75).

1,4-Bis[2-(N-morpholino)acetamidophenoxy]butane (5c)
By the general procedure, 2b and morpholine gave crude 5c, which
was crystallized from EtOH to give colorless crystals (65%); mp
140–142 °C.

IR (KBr): 3357 (NH), 1679 cm–1 (C=O).
1H NMR (CDCl3): � = 2.15 (br s, 4 H, CH2CH2O), 2.60 (t, J = 4.5
Hz, 8 H, OCH2CH2N), 3.16 (s, 4 H, COCH2N), 3.74 (t, J = 4.4 Hz,
8 H, OCH2CH2N), 4.17 (br s, 4 H, OCH2), 6.87–8.47 (m, 8 H, ArH),
9.65 (br s, 2 H, NH).

Anal. Calcd for C28H38N4O4 (494.63): C, 67.99; H, 7.74; N, 11.33.
Found: C, 67.85; H, 7.69; N, 11.16.

1,3-Bis[2-(N,N-diethylamino)acetamidophenoxy]propane (6a)
By the general procedure, 2a and N,N-diethylamine gave crude 6a,
which was crystallized from EtOH to give colorless crystals (60%);
mp 140–142 °C.

IR (KBr): 3305 (NH), 1685 cm–1 (C=O).
1H NMR (CDCl3): � = 1.07 (t, J = 6.9 Hz, 12 H, CH3), 2.42 (quintet,
J = 6.3 Hz, 2 H, OCH2CH2), 2.60 (q, 8 H, J = 6.9 Hz, CH2N), 3.18
(s, 4 H, COCH2), 4.31 (t, J = 6.3 Hz, 4 H, OCH2), 6.88–8.49 (m, 8
H, ArH), 9.96 (s, 2 H, NH).

Anal. Calcd for C27H40N4O4 (484.64): C, 66.92; H, 8.32; N, 11.56.
Found: C, 66.81; H, 8.21; N, 11.45.

1,4-Bis[2-(N,N-diethylamino)acetamidophenoxy]butane (6b)
By the general procedure, 2b and N,N-diethylamine gave crude 6b,
which was crystallized from EtOH to give colorless crystals (59%);
mp 160–162 °C.

IR (KBr): 3321 (NH), 1682 cm–1 (C=O).
1H NMR (CDCl3): � = 1.07 (t, J = 6.9 Hz, 12 H, CH3), 2.10 (br s, 4
H, OCH2CH2), 2.61 (q, J = 6.9 Hz, 8 H, CH2N), 3.17 (s, 4 H,
COCH2), 4.12 (br s, 4H, OCH2), 6.86–8.47 (m, 8 H, ArH), 9.45 (s,
2 H, NH).

Anal. Calcd for C28H42N4O4 (498.66): C, 67.44; H, 8.49; N, 11.24.
Found: C, 67.39; H, 8.31; N, 11.39.

2-(N-Piperidinoacetoxy)-1,3-bis[2-(N-piperidinoacetami-
do)phenoxy]propane (12a)
By the general procedure, 11 and piperidine gave crude 12a, which
was crystallized from benzene–petroleum ether (bp 40–60 °C) to
give colorless crystals (75%); mp 108–110 °C.

IR (KBr): 3319 (NH), 1738, 1689 cm–1 (C=O).
1H NMR (CDCl3): � = 1.39 (m, 6 H, NCH2CH2CH2), 1.55 (m, 12 H,
CH2CH2CH2N), 2.48 (m, 12 H, NCH2CH2CH2), 3.08 (s, 4 H,
NCH2CO), 3.22 (s, 2 H, OCOCH2N), 4.43 (d, J = 5.1 Hz, 4 H,
OCH2), 5.61 (quintet, J = 5.1 Hz, 1 H, OCH), 6.91–8.45 (m, 8 H,
ArH), 9.62 (s, 2 H, NH). 

Anal. Calcd for C36H51N5O6 (649.83): C, 66.54; H, 7.91; N, 10.78.
Found: C, 66.66; H, 7.99; N, 10.65.

2-(N-Morpholinoacetoxy)-1,3-bis[2-(N-morpholinoacetami-
do)phenoxy]propane (12b)
By the general procedure, 11 and morpholine gave crude 12b,
which was purified using short column of silica gel using EtOAc–
n-hexane as an eluent to give an oil (70%).
1H NMR (CDCl3): � = 2.55 (m, 12 H, NCH2CH2O), 3.04, 3.12 (2 s,
4 H, 2 COCH2N), 3.25 (s, 2 H, OCOCH2N), 3.67 (m, 12 H,
OCH2CH2N), 4.42 (d, J = 4.9 Hz, 4 H, CH2O), 5.71 (quintet, J = 4.9
Hz, 1 H, OCH), 6.84–8.43 (m, 8 H, ArH), 9.48 (s, 2 H, NH). 

Anal. Calcd for C33H45N5O9 (655.75): C, 60.44; H, 6.92; N, 10.68.
Found: C, 60.39; H, 6.86; N, 10.59.

2-Hydroxy-1,3-bis[2-(N-morpholino)acetamidophenoxy]pro-
pane (13)
By the general procedure, 10 and morpholine gave crude 15, which
was crystallized from benzene to give colorless crystals (65%); mp
172–174 °C.

IR (KBr): 3408 (NH), 3300 (OH), 1684 cm–1 (C=O). 
1H NMR (CDCl3): � = 2.55 (t, J = 4.5 Hz, 8 H, NCH2CH2O), 3.12
(s, 4 H, COCH2N), 3.38 (br s, 1 H, OH), 3.68 (t, J = 4.5 Hz, 8 H,
OCH2CH2N), 4.28 (m, 4 H, OCH2), 4.53 (quintet, J = 4.5 Hz, 1 H,
OCH), 6.89–8.32 (m, 8 H, ArH), 9.56 (s, 2 H, NH). 

Anal. Calcd for C27H36N4O7 (528.60): C, 61.35; H, 6.86; N, 10.60.
Found: C, 61.46; H, 6.91; N, 10.71.

2-(N-Morpholinoacetoxy)-1,3-bis[2-(nitrophenoxyacetamido-
phenoxy]propane (16)
By the general procedure 15 and morpholine gave crude 16, which
was crystallized from EtOH to give pale yellow crystals (70%); mp
146–148 °C. 

IR (KBr): 3364 (NH), 1745, 1688 (C=O), 1528, 1348 cm–1 (NO2).
1H NMR (CDCl3): � = 2.46 (m, 4 H, NCH2CH2O), 3.16 (s, 2 H,
COCH2N), 3.63 (m, 4 H, OCH2CH2N), 4.46 (m, 4 H, OCH2), 4.68
(s, 4 H, OCH2CO), 5.74 (quintet, J = 5.1 Hz, 1 H, OCH), 6.85–8.29
(m, 16 H, ArH), 9.01 (s, 2 H, NH). 

Anal. Calcd for C37H37N5O13 (759.73): C, 58.50; H, 4.91; N, 9.22.
Found: C, 58.45; H, 4.88; N, 9.09.

1,4-Bis{1,3-bis[2-(2-nitophenoxy)acetamidophenoxy]propane-
2-yloxycarbonylmethyl}piperazine (17)
By the general procedure 15 and piperazine gave crude 17, which
was crystallized from dioxane–EtOH to give pale yellow crystals
(65%); mp 194–196 °C.

IR (KBr): 3381 (NH), 1743, 1692 (C=O), 1526, 1346 cm–1 (NO2). 
1H NMR (CDCl3): � = 2.43 (s, 8 H, CH2N), 3.12 (s, 4 H, COCH2N),
4.43 (m, 8 H, OCH2), 4.69 (s, 8 H, OCH2CO), 5.74 (quintet, J = 5.1
Hz, 2 H, OCH), 6.82–8.29 (m, 32 H, ArH), 9.09 (s, 4 H, NH).
13C NMR (APT pulse sequence, CDCl3): � = 51.41, 57.83, 66.19,
66.82, 67.84, 126.35, 138.73, 147.77, 150.18, 164.85 (C and CH2),
69.82, 71.55, 112.19, 115.52, 120.76, 121.33, 124.54, 125.23,
134.62 (CH).

Anal. Calcd for C70H66N10O24 (1431.34): C, 58.74; H, 4.65; N, 9.79.
Found: C, 58.60; H, 4.70; N, 9.84.

15-[(N,N-Diethylamino)acetoxy]-6,14,15,24,32,33-hexahydro-
16H-tetrabenzo[b,h,p,v][1,7,18,24,4,11,14,21]tetraoxatetraaza-
cycloheptacosin-7,23,30,35-(8H,22H,31H,34H)tetraone(20a)
By the general procedure, 19a and N,N-diethylamine gave crude
20a, which was crystallized from CHCl3–petroleum ether (bp 40–
60 °C) to give colorless crystals (60%); mp 182–84 °C.

IR (KBr): 3391, 3350 (NH), 1743, 1688, 1644 cm–1 (C=O).
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1H NMR (CDCl3): � = 0.89 (t, J = 6.9 Hz, 6 H, CH3), 2.42 (q, J = 7
Hz, 4 H, CH2CH3), 2.97 (s, 2 H, COCH2N), 3.75 (m, 4 H, CH2NH),
3.96 (d, J = 5.8 Hz, 4 H, OCH2), 4.78 (d, J = 15.3 Hz, 2 H, upfield
of OCH2CO), 4.94 (d, J = 15.3 Hz, 2 H, downfield of OCH2CO),
5.45 (quintet, J = 5.5 Hz, 1 H, CHO), 6.62–8.89 (m, 20 H, ArH +
NH). 

MS: m/z (%) = 768 (M + 1, 0.5), 665 (0.5), 521 (1), 413 (2.1), 326
(2), 300 (10), 140 (32), 85 (100).

Anal. Calcd for C41H45N5O10 (767.83): C, 64.14; H, 5.91; N, 9.12.
Found: C, 64.34; H, 5.99; N, 9.24.

15-Morpholinoacetoxy-6,14,15,24,32,33-hexahydro-16H-tetra-
benzo[b,h,p,v][1,7,18,24,4,11,14,21]tetraoxatetraazacyclohepta-
cosin-7,23,30,35-(8H,22H,31H,34H)tetraone (20b)
By the general procedure 19a and morpholine gave crude 20b,
which was crystallized from MeOH to give colorless crystals
(65%); mp 184–186 °C.

IR (KBr): 3384, 3335 (NH), 1729, 1692, 1636 cm–1 (C=O).
1H NMR (CDCl3): � = 2.33 (t, J = 4.5 Hz, 4 H, NCH2CH2O), 2.84
(s, 2 H, COCH2N), 3.58 (t, J = 4.5 Hz, 4 H, OCH2CH2N), 3.74 (br
s, 4 H, CH2NHCO), 3.95 (d, J = 5.7 Hz, 4 H, OCH2), 4.73 (d, J = 15
Hz, 2 H, upfield of OCH2CO), 4.92 (d, J = 15 Hz, 2 H, downfield of
OCH2CO), 5.38 (quintet, J = 5.7 Hz, 1 H, CHO), 6.73–8.26 (m, 16
H, ArH), 8.33 (br s, 2 H, CONHCH2), 8.85 (s, 2 H, CH2CONH). 
13C NMR (APT pulse sequence, CDCl3): � = 41.12, 53.03, 58.9,
66.54, 66.87, 68.85, 122.29, 126.69, 145.35, 147.08, 155.41, 165.9,
166.09 (C and CH2), 70.05, 111.42, 112.4, 121.12, 121.82, 122.29,
124.66, 131.84, 132.77 (CH). 

MS: m/z (%) = 780 (M – 1, 7.1), 715 (7), 604 (13), 552 (17.2), 423
(15.4), 333 (11), 281 (23), 262 (100), 183 (24).

Anal. Calcd for C41H43N5O11 (781.82): C, 62.99; H, 5.54; N, 8.96.
Found: C, 63.05; H, 5.50; N, 8.72.

15-Piperidinoacetoxy-6,14,15,24,32,33-hexahydro-16H,34H-
tetrabenzo[b,h,q,w][1,7,19,25,4,11,15,22]tetraoxatetraazacy-
clooctacosin-7,23,30,36-(8H,22H,31H,35H)tetraone (20c)
By the general procedure 19b and piperidine gave crude 20c, which
was crystallized from EtOH to give colorless crystals (60%); mp
192–194 °C.
1H NMR (CDCl3): � = 1.25–1.34 (m, 2 H, CH2CH2CH2N), 1.40–
1.49 (m, 4 H, CH2CH2CH2N), 1.9 (br s, 2 H, NCH2CH2CH2N), 2.23
(t, J = 4.8 Hz, 4 H, NCH2CH2CH2), 2.85 (s, 2 H, COCH2N), 3.49–
3.60 (m, 2 H, NCH2), 3.70–3.79 (m, 2 H, NCH2), 3.87–4.0 (m, 4 H,
OCH2), 4.82 (d, J = 15.3 Hz, 2 H, downfield of OCH2CO), 4.97 (d,
J = 15.3 Hz, 2 H, upfield of OCH2CO), 5.36 (quintet, J = 5.4 Hz, 1
H, CHO), 6.71–8.25 (m, 18 H, ArH and CONHCH2), 8.99 (s, 2 H,
CH2CONH). 
13C NMR (CDCl3): � = 23.23, 25.69, 30.09, 36.27, 54.03, 59.57,
67.01, 69.39, 69.75, 111.34, 112.64, 121.52, 121.73, 122.30,
122.77, 124.82, 126.65, 132.04, 132.66, 147.39, 155.41, 165.61,
166.19, 169.72.

Anal. Calcd for C43H47N5O10 (793.87): C, 65.06; H, 5.97; N, 8.82.
Found: C, 64.90; H, 5.67; N, 8.75.

15-Morpholinoacetoxy-6,14,15,24,32,33-hexahydro-16H,34H-
tetrabenzo[b,h,q,w][1,7,19,25,4,11,15,22]tetraoxatetraazacy-
clooctacosin-7,23,30,36-(8H,22H,31H,35H)tetraone (20d)
By the general procedure 19b and morpholine gave crude 19b,
which was crystallized from EtOH to give colorless crystals (65%);
mp 217–219 °C. 

IR (KBr): 3389, 3335 (NH), 1769, 1697 cm–1 (C=O).
1H NMR (CDCl3): � = 1.83 (m, 2 H, CH2CH2N), 2.30 (t, J = 4.5 Hz,
4 H, NCH2CH2O), 2.84 (s, 2 H, COCH2N), 3.50–3.58 (m, 6 H, 4 H

of OCH2CH2N and 2 H of NCH2), 3.70–3.85 (m, 2 H, NCH2), 3.86–
4.00 (m, 4 H, OCH2), 4.84 (d, J = 15.3 Hz, 2 H, downfield of
OCH2CO), 4.99 (d, J = 15 Hz, 2 H, upfield of OCH2CO), 5.34
(quintet, J = 5.7 Hz, 1 H, CHO), 6.71–8.27 (m, 16 H, ArH), 8.20 (t,
J = 6 Hz, 2 H, CONHCH2), 8.98 (s, 2 H, CH2CONH).

MS: m/z (%) = 795 (M+, 11), 777 (23), 584 (17), 337 (25), 186
(100), 113 (88). 

Anal. Calcd for C42H45N5O11 (795.85): C, 63.39; H, 5.70; N, 8.80.
Found: C, 63.45; H, 5.55; N, 8.70.

1,4-Bis{6,14,15,24,32,33-hexahydro-16H-tetrabenzo[b,h,p,v]-
[1,7,18,24,4,11,14,21]tetraoxatetraazacycloheptacosin-
7,23,30,35-(8H,22H,31H,34H)tetraone-15-yloxycarbonylmeth-
yl}piperazine (21)
By the general procedure 19a and piperazine gave crude 21, which
was crystallized from dioxane to give pale yellow crystals (50%);
mp 248–250 °C.

IR (KBr): 3392, 3325 (NH), 1760, 1693, 1635 cm–1 (C=O).
1H NMR (DMSO-d6): � = 2.22 (br s, 8 H, CH2N), 2.99 (br s, 4 H,
COCH2N), 3.51 (br s, 8 H, CH2NHCO), 4.31 (br s, 8 H, OCH2), 4.33
(s, 8 H, OCH2CO), 5.55 (br s, 2 H, OCH), 6.94–7.89 (m, 32 H,
ArH), 8.71 (br s, 4 H, CONHCH2), 9.39 (s, 4 H, CH2CONH).
13C NMR (DMSO-d6): � = 51.46, 57.96, 67.42, 67.84, 69.85,
113.09, 113.36, 120.96, 121.33, 122.20, 124.17, 125.02, 126.59,
130.04, 131.82, 148.71, 154.94, 165.49, 166.29, 169.20. 

Anal. Calcd for C78H78N10O20 (1475.53): C, 63.49; H, 5.33; N, 9.49.
Found: C, 63.33; H, 5.29; N, 9.52. 
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