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Synthesis and Char acterization of Crown Ethers
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Crown ether ligands of Schiff basetype (6-17) have been synthesized
by the reaction of 2-hydroxybenzal dehyde, 2-hydroxy-5-methoxybenzal -
dehyde 2-hydroxy-5-bromobenzal dehyde, 2-hydroxy-5-chlorobenzal-
dehyde, 2-hydroxy-5-nitrobenzal dehyde and 2-hydroxy-1-naphthal de-
hyde with 6,7,8,14-tetrahydrodibenzo(f,i][1,5] dioxecine-2,12-diamine
(4) and 7,9,10,16-tetrahydro-6H-dibenzo[ h,K][ 1,4, 7] -trioxacyclododecine-
2,14-diamine (5). The structures of Schiff base crown ethers have been
investigated by elemental analysis, IR, UV-visible, '"H NMR, *C NMR
and M S spectroscopic data. In solution, all Schiff bases exist as equili-
brium mixtures of enol-imine and keto-imine tautomers. For four Schiff
bases (10, 11, 16, 17), the keto-imine form has been found to be dominant
inthe DM SO. Theantimicrobia activities of the compounds are eval uated
using disk diffusion method in dimethyl sulfoxide (DMSO) against 9
bacteriaand 5 yeast cultures. The obtained results from disk diffusion
method are assessed in side-by-side comparison with those of penicillin-G,
ampicillin, cefotaxime, vancomycin, oflaxacin, tetracycline asantibacte-
rial agents and nystatin, ketaconazole and clotrimazole as commercial
antifungal agents. In most cases, the compounds show broad-spectrum
(Gram-positive and Gram-negative bacteria) activitiesthat are compara-
tively either, slightly less active or equipotent to, antimicrobial agents
in the comparison tests.
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INTRODUCTION

Themacrocyclic polyethers has became one of the most popular chemical reagents
with a wide area of application in the last century. They are used successfully in
chemistry of "host-guest” complexes, extraction, phase transfer catalysis, organic
synthesis, analytical chemistry and biology***. Thereis also growing interest in the
use of crown ethersfor their antitumor activity*2. The properties have been success-
fully utilized to separate metal ions™** and to develop ion selective electrodes'*®.
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The tautomerism in Schiff bases with OH group in ortho position to the imino
group both in solution and in solid state were investigated using spectroscopy and
X-ray crystallography techniques'”#. Schiff baseswith OH group in ortho position
to theimino group are of interest mainly due to the existence of either O—H--:N or
O---H-N type of hydrogen bond and tautomerism between enol-imine and keto-
imine form. In these compounds, short hydrogen bonds between the OH group in
ortho position to the imino group and the imine nitrogen is due to the stereochemistry.
The rearrangement of these compounds due to the intramolecular proton transfer
occurring in the ground or electron excited states was found to be interesting for
implementation in various devices and fluorescent chemosensors for metal ions™.,
In the latter case, a crown-ether moiety must be attached to the arylimine fragment
of the Schiff base. Schiff base type crown ethers were synthesized®* and their
structure, spectral, luminescent and complexing properties were studied®.

In this paper, the new macrocyclic polyether ligands of Schiff base type have
been synthesized by the reaction of diamino crown ethers (4, 5) with 5-substituted-
2-hydroxy-1-benza dehydeand 2-hydroxy-1-naphtha dehyde (Scheme-I). Thestructures
of the synthesized Schiff bases were established by elemental analysis, IR, UV-
visible, *H NMR, *C NMR and M S spectra. The ligands have been screened tech-
niques in vitro againts the microorganisms by disc diffusion method®*.
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EXPERIMENTAL

The 'H NMR, C NMR spectra were recorded on a Bruker DPX FT-NMR
spectrometer operating at 400 and 101.6 MHz. Infrared absorption spectra were
recorded on a Perkin-Elmer BX |1 spectrometer in KBr discs. UV-Vis spectrawere
recorded on a Shimadzu 1201 series spectrometer. Carbon, hydrogen and nitrogen
analyses were performed on aLECO CHNS-932 C, H, N analyzer. L C mass spectra
were obtained on aAGILENT 1100 M SD spectrometer with an ion source temper-
ature of 240 °C. Mdting pointswere measured on aElectro Thermal |A 9100 apparatus
using acapillary tube, THF, EtOH, DM SO, DMF, CHCI5, hydrazine hydrate, 2-hydroxy-
benzaldehyde, 5-methoxy-2-hydroxybenzaldehyde, 5-chloro-2-hydroxybenzal-
dehyde, 5-bromo-2-hydroxybenza dehyde, 5-nitro-2-hydroxybenza dehyde, 2-hydroxy-
1-naphthaldehyde and Pd-C (10 %) were purchased from Merck (Germany).

Synthesis of 2,2'-methylenebig4-nitrophenol] (1): It was prepared according
to the published procedure™*.

Synthesisof 2,12-dinitro-6,7,8,14-tetr ahydrodibenzo[f,i][1,5]dioxecine (2):
To 2,2'-methylenebis[4-nitrophenol] (1) (12.6 g; 4.34 x 102 mol) and Na,COs (5 g;
4.76 x 10?mol) dissolved in DMF (500 mL, 99 %) was added 1,3-dibromopropane
(8.78 g; 4.34 x 102 mol). The mixture stirred at reflux temperature for 48 h and
then filtered. The solvent was removed under reduced pressure and the remaining
yellow product was washed water. The crude product was recrystallized from methanol .
Experimental and analytical data are summarized in Table-1.

TABLE-1
EXPERIMENTAL AND ANALYTICAL DATA
Yield Elemental analysis (%): Calcd. (Exp.)
Compd. m.p. (°C) Colour %) C H N
2 290-292  Ydlow 47 58.18(58.16) 4.24 (4.21) 8.48 (8.48)
3 269-271  Ydlow 21 56.67 (56.66)  4.44 (4.44) 7.77 (7.76)
4 200-202  Black-brown 89 7111(71.09) 6.67(6.65) 10.37(10.36)
5 146-148  White 89 68.00 (67.96)  6.67 (6.66) 9.33(9.33)
6 123-124  Yelow 55 75.31(75.30) 5.44(5.44) 5.85 (5.85)
7 142-144 Red 60 71.37(71.35) 5.58(5.57) 5.20 (5.20)
8 182-184  Yelow 58 65.81(65.81)  4.38(4.36) 5.11 (5.11)
9 210-212  Ydlow 66 56.60 (56.61)  3.77 (3.78) 4.40 (4.40)
10 178-179  Yedlow 80 63.38(63.37) 4.22(4.25) 9.86 (9.85)
1 116 White-brown 80 78.89(78.85) 5.19(5.18) 4.84 (4.84)
12 214-216  Ydlow 49 73.22(73.21) 551(5.53) 5.51 (5.51)
13 189 Yelow 70 69.71(69.70)  5.63(5.63) 4.93 (4.93)
14 264-266  Yelow 61 64.47 (64.47)  4.51(4.50) 4.85 (4.83)
15 242-244  Ydlow 31 55.86(55.87) 3.90(3.92) 4.20 (4.20)
16 313-315 Orange 56 62.20(62.18)  4.35(4.33) 9.36 (9.35)
17 290-292 Ydlow 52 76.97 (76.95)  5.26 (5.26) 4.60 (4.60)
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Synthesis of 2,14-dinitro-7,9,10,16-tetr ahydro-6H-dibenzo[h,k][1,4,7]-
trioxacyclododecine (3): To 2,2'-methylenebig 4-nitrophenol] (1) (12.6 g; 4.34 x
102 mol) and Na,CO:; (5 g; 4.76 x 10> mol) dissolved in DMF (500 mL, 99 %) was
added diethyleneglycoldichloride (6.20 g; 4.34 x 102 mol). The mixture stirred at
reflux temperature for 48 h and then filtered. The solvent was removed under reduced
pressure and the remaining yellow product was washed water. The crude product
was recrystallized from methanol. Experimental and analytical data are summarized
in Table-1.

Synthesisof 6,7,8,14-tetr ahydrodibenzo[f,i][1,5]dioxecine-2,12-diamine (4):
To compound 2 (6 g; 1.8 x 10% mol) and Pd/C (0.86 g, 5 %) dissolved in ethanol
(150 mL, 99 %) was added dropwise hyrazine monohydrate (6.80 mL). The mixture
stirred at reflux temperature for 3 h and then filtered through a pad of celite to
remove the catalyst. Solvent and excess hydrazine were removed in vacuo to give
the crude product 4. The crude product was recrystallized from ethanol. Experimental
and analytical data are summarized in Table-1.

Synthesis of 7,9,10,16-tetrahydro-6H-dibenzo[h,k][1,4,7]trioxacyclo-
dodecine-2,14-diamine (5): To compound 3 (1.78 g; 4.94 x 10 mol) and Pd/C
(0.24 g, 5 %) dissolved in ethanol (150 mL, 99 %) was added dropwise hyrazine
monohydrate (1.88 mL). The compound 5 was obtained as 4. Experimental and
analytical data are summarized in Table-1.

Synthesis of 2,2'-(1E,1'E)-(6,7,8,14-tetr ahydr odibenzo[f,i][1,5]dioxecine-
2,12-diyl)bis(azan-1-yl-1-ylidene)bis(methan-1-yl-1-ylidene)diphenol (6): To
compound 4 (0.13 g; 4.3 x 10 mol) was added to adry THF (100 mL) solution of
2-hydroxy-1-benzaldehyde (0.10 g; 8.6 x 10* mol). The mixture was stirred and
heated for 3 h. Compound (6) was obtained from the evaporation of THF. Experi-
mental and analytical data are summarized in Table-4.

Other Schiff base crown ethersligands (7-17) were obtained using same method.
For al the compounds analytical and experimental details are given in Table-1.

Antimicrobial test: Thecompoundsweredissolvedin DM SO to afinal concen-
tration of 100 pg/mL. Empty sterilized antibiotic discs having a diameter of 6 mm
(Schleicher & Schull No 2668, Germany) were each impregnated with 20 pL of
solution. All the bacteria mentioned above were incubated at 30 £ 0.1 °C for 24 h
by inoculution into Nutrient Broth (Difco) and the yeasts studied were incubated in
Malt Extract Broth (Difco) for 48 h. An inoculum containing 10° bacterial cells or
10° yeast cdlls/mL was spread on Mudler-Minton Agar (Oxoid) plates (1 mL inoculum/
plate). The discs injected with solutions were placed on the inoculated agar by
pressing slightly and incubated at 35 °C (24 h) for bacteriaand at 25 °C (72 h) for
yeast. On each plate an appropriate reference antibiotic disc was applied depending
on the test microorganisms®“. The data reported in Table-3 are the average data of
three experiments.
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RESULTSAND DISCUSSION

The IR spectraof the compoundsare given in Table-2. Vibration bandswith the
wave numbers of 1624-1612 cm™ v(C=N), 3072-3033 cm* v(C-H, Ar-H), 2870-
2917 cm™* v(C-H, Csp*-H), 1587-1502 cm™* v(C=C ) and 1036-1288 cm* v(C-O-C,
Csp*-O-Csp®) were observed. The observation of aromatic v(C-O) at 1338, 1309,
1340 and 1312 cm™ for compounds 10, 11, 16 and 17 are the evidence for the
existence of the keto-imine form N—H---O intramolecular hydrogen bonding only
in the solid state. The stretching frequency observed at 2748-2742 cm™ in 5-12
shows the presence of O—H--:N intramolecular hydrogen bond*"*%. The C=N bond
which is accountable partially for the existence enol-imine form can also be inferred
from the IR spectra of compound (6-9, 12-15). The compound with strong band at
1280-1257 cm™ possesses highest percentage of enol-imine tautomer due to the
stabilization of phenolic C-O bond®.

TABLE-2
FT-IR SPECTRAL DATA (v, cm™) IN THE SOLID STATE (KBr)

v(C-H) v(C-H)

Compd. v(OH) 0 aipretiey V(CN) VCO) VCN) v(C-0-C)

6 3432m 3050m 223425 ni 1617s 1587m 1498s ﬁg‘; 2 iég; 2
7 3389m 3050w 22355 ni 1616s 1583s 1492s iggg 2

8  333m 3072w 225525 ni 1616s 1553m  1497s 127162)221%80 s
9  3411s 3045w gg?g m 1615s - 1477s 127120;:1; 5s
10 3421s  3072m 22352g r‘:‘] 1621s 1502m  1474s 1231903311rgo s
11 3384m  3059m ;gfs z 16225 1539s 1465s 12413021; 5s
12 3429m 3040w ;gi; 2 1617s 1570s 1480m ﬁgg 2

13 348m 3047w ;ggg 2 1612m 1581s 1464s ﬁg; 2

14  3431m 3055w ;gég 2 1618s 15655 798 125?;3151 s
15 3431m 3047w 22562;) ni 1616s 1563m  1486s 111226: ;

16 3432s 3070w gg;gvn\) 1623s 1572m 1479m 128?&;%85 W
17 323m 308w 222M e 1577s  1467s 1252

2863 w 1158 s
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The 'H NMR datafor compounds 12-15 show that the tautomeric equilibrium
favours the enol-imine in DMSO. The compounds 6-11 and 16, 17 shifts to the
keto-imineform in the same solvent. The protons of the ethereal group at Ar-OCH,-
also gave atriplet and Ar-OCH,CH_-triplet for 6-11. The 'H NMR dataare givenin
Table-3.

TABLE3
'H NMR SPECTRAL DATA (3, ppm, 400 MHz) IN DMSO

Compd.  OH CH=N __ ArH A/OCH, ArOCH,CH, ArCHAr OCH,
6  1321(d) (sﬁfgf(g Y 6_;'15(?“) 3.98(t) (sJH‘H?":%‘_‘g% L, 3219

7 1280 f;%?ég)Hz) 6_;?& ) 400 f':%‘?g()) L 3729 3749
8 13.18(d) (migﬁ)m) e.gg(Zn) 3980 5y H?’:‘ézétl) y 330

9 13219 (344?86?5(32) Hz) 6.;.7%;) 3.99(1) (3443:'2(.)1(8 Hy 3360

10 15910 g igllf(?d; o e.géo(?n) 3990) H?’:gg 3410

11 15.89(d) (3%23_(70'31 H2) 6_%8(?‘“ ) 4120 @ f:'g?étl) 3879

2 138O f.zgg(ssg o 6_;'.%1 ) 4110 (3%3'2%3_% L 3489

13 1350(s) (344:3:'%_2%&) 6_;'65(‘:“ ) 4100 39%6(m) 3489 38009
u BAY fzg.lé?Hz) Gggfn) ZELTON fﬁ?g% L 3480

15 13.49(9) (344:3;‘;_25(3?&) 6_;'7"&) 4.16(t) (3JH‘H3'=827.$ L, 3809

16 14.69(d) (3441:):"?3_17(%2 G_gf(‘r‘n ) 4029 38009 331(9)

17 1390(d) , >0 89 a9 3799 357(9)

(J,=6.74Hz) 6.10(m)

According to the *C NMR spectracompounds 6, 8, 9, 10, 12, 14, 15, 16 and 7,
13and 11, 17 have 16, 17 and 20 signals, respectively showing that the structuresin
solution are symmetrical. Scheme-I I shows the numbering of the Schiff base carbons
and compound 11, 17 data. The *C NMR spectra data of the compounds(6-10 and
12-16) are given in Table-4.

The UV-visible spectra of the compounds 6-17 were studied in DMSO. The
Schiff bases show absorption in the range greater than 400 nm in polar and non-
polar solvents. It is point out that the new band belongs to the keto-imine form of
the Schiff bases with OH group in ortho position to the imino group in polar and
non-polar solvents in both acidic and basic media®*?. The compounds 6-17,
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(R:H, CH;0, Cl, Br, NO,) (R:H, CH,,0, Cl, Br, NO,)
(6,7,8,9,10) (12, 13, 14, 15, 16)

Scheme-11

anew band is observed at > 400 nm in the DMSO. The compounds 6-17 arein
tautomeric equilibria (phenol-imine, O—H--N == keto-imine, O---H-N forms)
in DMSO (Figs. 1 and 2). Thistautomeric equilibriais observed in DM SO for 6-11,
16 and 17 as supported by UV-visible and *H NMR data. Only keto-imine tautomer is
dominant in DM SO for 10, 11, 16 and 17. The keto-imine tautomer is 59, 80, 55
and 99 % , respectively, for compounds 10, 11, 16 and 17.

In conclusion, UV-Vis, *H NMR and *C NMR results show that in DMSO
solution the compounds 10, 11, 16 and 17 exist in the keto-imine form.
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TABLE-4
C NMR SPECTRAL DATA (5, ppm, 101.6 MHZ) IN DMSO
Compd. C1 c2 C3 c4 c5 C6 c7 Cc8 C9
6 14240 11559 11696 13279 12079 13322 3257 16063 119.49
7 15575 11062 12304 14260 12824 13425 3257 16120 12253
8 14208 11541 11892 13615 12407 127.85 3255 15995 122.88
9 13892 11117 11563 13423 12174 12321 3256 159.71 120.36
10 14126 11209 12482 13114 12467 12910 3118 16218 11805
12 15612 11469 11947 14128 12443 13318 2901 160.65 119.86
13 15092 11475 12345 14106 12420 13176 2630 15612 119.75
14 15637 11459 12052 14097 12459 13133 2850 159.30 121.12
15 15816 12305 12970 13592 12160 11103 3200 159.72 110.19
16 16415 117.88 12482 14021 12544 13117 3075 166.14 12264
Clo CllI Cl2 <CI3 Cl4 CI5 Ci6 CI7
6 16224 11569 12398 11986 12308 7319 6498  —
7 16182 11972 12031 15465 117.77 7317 6532 5593
8 16074 11559 13259 12319 13133 7318 6497 -
9 16033 11939 13229 11024 12405 7321 6536 -
10 16628 11530 12885 14005 12840 7297 6897  —
12 16176 11696 13275 12043 13175 7023 6929 -
13 16188 11890 11950 14832 11564 70.85 6970 60.43
14 16030 11897 13263 12286 13167 7031 6924 -
15 16128 12099 13414 11935 13210 7295 6947 -
16 18948 11891 13011 14035 12872 7052 6934 -

3.0000

-

1.5000

0.0000

200.0 400.0 600.0
Wavelength [nm.]

Fig. 1. UV spectra of the compounds 6-11 in the DM SO
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Fig. 2. UV spectra of the compounds 12-17 in the DM SO

Antimicrobial activities: Tables 5 and 6 show antimicrobial activities of the
compounds and standard antibiotic discs. As can clearly be seen from Tables 5 and
6, the compounds showed antibacterial activity against both Gram-positive and
Gram-negative bacteria and the yeast cultures in this study. In classifying the anti-
bacterial activity as Gram-positive or Gram-negative, it would generally expected
that a much greater number would be active against Gram-positive than Gram-
negative bacteria®. However, in this study, the compounds are active against both
types of the bacteriaand aswell as active against yeasts, which may indicate broad-
spectrum properties. Notably, the compounds have stronger antimicrobial activities
against the yeast cultures than those of bacteria used in this study.

All the compounds tested exhibit strong or moderate antimicrobial activity in
variousinhibition zones. Theinhibition zonesranged from 11 to 22 mm. Theinhibi-
tion zone va ues of the compounds on the bacteriaare exceptionaly effective compared
with most of the reference antibiotics. As an example, Saphylococcus aureus is
susceptible to the compound 9, as compared to the standard antibiotics except for
OFX5 and TE30. The compounds 7, 13 and 14 have more antibacterial activity
against Bacillus cereusthan those of some standard antibiotics. In addition all com-
pounds have strong antibacterial effect against Pseudomonas aeruginosa than those
of the standard antibiotics P10, SAM20 and VA 30.

In generaly, all compounds have shown high antiyeast activity against the yeast
cultures used in this study. While the compound 14 is strong effective against
Kluyveromyces fragilis, Rhodotorula rubra is more suspectible to the compound
16 compared with most of the reference antibiotics. Notably, the compound 13
have higher antiyeast activity against Debaryomyces hansenii than those all standard
antibiotics. Also, Hanseniaspora guilliermondii and Candida albicansareinfluenced
in different levels.
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The compoundsdiffer significantly in their activity against tested microorganisms.
These differences may be attributed to fact that the cell wall in Gram-positive bacte-
riaof asingle layer, whereas the Gram-negative cell wall is multi-layered structure
and the yeast cell wall is quite complex®.

Bacteria and yeast cultures used in this study were chosen primarily on the
basis of their importance as pathogens in humans. Methicillin resistant Staphylo-
coccus aureus (MRSA) remains an important nosocomial pathogen. According to
the latest report from the National Nosocomial Infection Surveillance System
(NNIS), ca. 60 % of al S aureus nosocomia infections in intensive care units
(ICUs) were methicillin resistant in 2003, representing an 11 % increasein resistance
compared to the preceding 5 year period®. Notably, Staphylococcus aureus is the
most sensitive bacterium to the compounds. So, the results of present study indicate
that the extracts have the potentia to generate novel metabolites. The extracts demons-
trating especially antibacterial activity against Saphylococcus aureus could result
in the discovery of novel antibacterial agents, showing demonstrating broad spectrum
activities, this may help to discover new antibiotics that could serve as selective
agents against infectious diseases.
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