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ABSTRACT

Three new azoimine ligands, namebys[5-phenylazo-2-hydroxybenzaldehyde]*“ddminophenyl ethdd),
bis[5-phenylazo-2-hydroxy benzaldehyde]“ddminophenyl methan€2), bis[5-phenylazo-2-hydroxybenz
aldehyde]-4,4diiminophenyl ethané3) and their reduced imine form bis[5-phenylazo-2oxgbenz
aldehyde]-4,4diaminophenyl ethé4), bis[5-phenylazo-2-hydroxybenzaldehyde]~tidminophenylmethane
(5), bis[5-phenylazo-2-hydroxybenzaldehyde]~tidminophenylethang€6) were synthesized by reducing the
imine groups of the azoimingl-3) with Sodium borohydride. The azoimifie3) and their reduced form4{6)
were characterized using elemental analyses, IRVisible spectroscopyH NMR,**C NMR and masspectra
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INTRODUCTION

Azo compounds are very important molecules and latracted much attention in both academic andiegpl
research [1-3]. These compounds are key chromopharehe chemical industry as dyes and pigmentsd fo
additives, indicators, radical reaction initiat@nsd therapeutic agents  [4-6]. The spectral gnttgs of azo dyes
depend on the nature of both the azo and the eaupbmponents. For example, azometine compoundshvitaive
some interesting structural properties and usesbeaprepared by coupling of azo and methine grdidp40].
Furthermore, considerable attentions have been foaithe study of azo-azomethine dyes containingrdwyd
groups in recent years due to their metabolites@tie, carcinogenic, and mutagenic [11-14]. Thesmpounds
have the ability to form different type of intrandhintermolecular hydrogen bond and intramolecptaton transfer
between their nitrogen atoms. This tautomerizatan be induced either by light, heat or the soljébt-19].
Herein, new azo (1-3) were prepared of 5-phenyxhydroxybenzaldehyde with 4(diaminodiphenyl)
derivatives and their reduced form (4-6) were pregay reducing the imine groups of the azoiming)With
Sodium borohydride.

EXPERIMENTAL SECTION
1.1.Material and methods
All reactions were monitored by thin-layer chrongaphy and experiments were repeated at leastpiicates.

The chemicals used for the synthesis were of a@nalyieagent grade and was used without furthefigation. The
solvents were of spectroscopic graldespectra were recorded on a Shimadzu 8000S HiéRtmphotometer using
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KBr pellets. Nuclear Magnetic Resonanc¢el NMR, *C NMR) spectra were recorded on a Bruker (ARX-500)
spectrometer (400 MHz) in DMS@s: The mass spectra were recorded on Os_MSMS_20Ckcquisition SW
6200 series TOF/6500, Version series Q-TOF B.OBB125.1) mass spectrometer. The electronic spectra
obtained using Unicam Spectrophotometer. Elemeatiddon, nitrogen and hydrogen analyses were pegitbnmith

a Leco CHNS-932 analyzer.

1.2.Synthesis and Characterization

1.2.1. Synthesis 05-phenylazo-2-hydroxybenzaldehyde (ALD)

The 5-phenylazo-2-hydroxybenzaldehyde was syntbdsimsing the known coupling methods [20].Yellowidol
yield 63.09 %, mp 12€. IR (KBr, cm®): 3100-3300 (OH), 3040 (C-H, aromatic), 1664 (C=@%70 (C=C,
aromatic), 1478 (N=N), 1380, 1284 (C-0), 1155 (G-682."H NMR( 400 MHz, (CR),S0):8 = 11.51 (s, H-10),
10.37 (s, H-9), 8.19 (d, J = 2.4 Hz, H-3), 8.10, @& 2.6, 8.8 Hz, H-2), 7.86 (m, 2H, H-4, H-8%& (m, 3H, H-5,
H-6, H-7), 7.20 (d, J = 8.8 Hz, H-1’C NMR (400 MHz, (CR),SO): & = 118.19, 122.14, 122.39, 123.51, 129.22,
129.51, 130.92, 144.57, 151.63, 163.08, 190.35n&hal analysis calcd (%) For (8:§0,N,): C 69.02, H 4.46, N
12.38, found: C 68.76, H 4.63 and N 12.29

1.2.2. General procedure for synthesis of azoimingands (1-3)

Three ligands (1-3) were prepared by refluxing@D{mol) of 5-phenylazo-2- hydroxybenzaldehyde w005
mol) of 4,4(diaminodiphenyl) derivatives in 100 mL of absel@thanol for 1 h. pure compound was obtained as
yellow precipitate by cooling the reaction mix@uo room temperature. The precipitate was filterdnd washed
with absolute ethanol and dry in desiccators.

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4diiminophenyl ether (1)

Yellow — Orange solid, yield 93.18 %, mp 2588 IR (KBr, cm'): 3415 (OH), 3055 (C-H, aromatic), 2918 (C-H,
aliphatic), 2846, 1618 (C=N), 1573 (C=C, aromatith00 (N=N), 1349, 1272 (C-0), 1194 (C-N), 838, 686
Elemental analysis calcd (%) Fors(8,60sNg): C 74.01, H 4.58, N 13.63, found: C 73.58, H 4abtl N 13.45.

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4diiminophenyl methane (2)

Orange Solid, yield 94.27 %, mp > 2&D. IR (KBr, cm'): 3424 (OH), 3034 (C-H, aromatic), 2918 (C-H, khfic),
2852, 1617 (C=N), 1569 (C=C, aromatic), 1495(N=N853, 1280 (C-O), 1188 (C-N), 832, 683. Elementallesis
calcd (%) For (GgH3qO.Ng): C 76.20, H 4.92, N 13.67, found: C 76.06, H 4a®4l N 13.38.

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4diiminophenyl ethane (3)

Orange - Yellow solid, yield 90.73 %, mp > 2@D IR ( KBr, cm®) : 3418 (OH), 3022 (C-H, aromatic), 2919 (C-H,
aliphatic), 2854, 1618 (C=N), 1572 (C=C, aromatit}90(N=N), 1351, 1281 (C-O), 1187 (C-N), 830, 680
Elemental analysis calcd (%) For,83:,0,Ng): C 76.41, H5.13, N 13.37, found: C 76.01, H 4a8d N 13.44.

1.3. General procedure for synthesis of the reduderm (4-6)

The reduce form (4-6) where as follow (0.001 madf the azoimine ligands (1-3) were dissolved in 100
absolute ethanol and then 0.075g (0.002 mol) ofuBedorohydride, was added. The mixture was stisetbom
temperature for 72h and the solvent was removettayy evaporation to dryness. The solid was diezbln about
150 mL of distilled water, and extracted with 3xBQ portions of CHG. The CHC} layer was dried by standing
with ~ 40g of anhydrous sodium sulfate powder foowt 30 min, filtered and the CHCiemoved by rotary
evaporation. The isolated brown-yellow powder wasesl in desiccators.

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4diaminophenyl ether (4)

Brown Solid, yield 83.80 %, mp 185. IR (KBr, cm'): 3436 (OH), 3284 (N-H), 3033 (C-H, aromatic922 (C-H,
aliphatic), 2857, 1594 (C=C, aromatic), 1506 (N=M}51(C-0), 830, 683H NMR( 400 MHz, (CD),S0):5 =
10.49(s, H-10), 7.84 ( br s, H-3), 7.76 (d, J =H# H-4, H-8), 7.69 (d, J = 8.7 Hz, H-2), 7.51, @Hl, H-5, H-6, H-
7), 7.00 (d, J = 8.6 Hz, H-1), 6.69 (m, J = 8.7 HZ1 2, H-13), 6.55 (m, J = 8.8 Hz, H-11, H-14),&®r s, N-H),
4.22 (br s, 2H, H-9)C NMR (400 MHz, (CR),S0): & = 158.83, 152.29, 148.43, 145.17, 130.38, 129129,15,
123.20, 122.93, 122.04, 119.05, 115.35, 113.00l-TEF MSMS m/z (%){M]* = 621 molecular ion peak is not
observed, but 305.15 [I\?ﬁ [CeH~N=NH-GH3;OH-CH~NH,—CsHs]. Elemental analysis calcd (%) For
(CagH3203Ng): C 73.53, H 5.20, N 13.54, found: C 73.17, HGahd N 13.42.

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4diaminophenyl methane (5)

Yellow Solid, yield 88.44 %, mp 156.IR (KBr, cm®): 3420 (OH), 3268 (N-H), 3034 (C-H, aromatic), BAC-H,
aliphatic), 2857, 1591 (C=C, aromatic), 1508 (N=M}58(C-0), 769, 691'H NMR( 400 MHz, (CD),S0):5 =
10.51 (s, H-10), 7.82 (s, H-3), 7.76 (d, J = 7.2 H#4, H-8), 7.67 (dd, J = 2, 8.5 Hz, H-2), 7.50, @H, H-5, H-6,
H-7), 6.99 (d, J = 8.6 Hz, H-1), 6.85 (d, J = B8 H-12, H-13), 6.50 (d, J = 8.1 Hz, H-11, H-18)98 (m, N-H),
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4.22 (s, 2H, H-9), 3.57 (s, H-R¥C NMR (400 MHz, (CR),SO): & = 158.58, 151.88, 146.48, 144.88, 130.10,
129.20, 129.06, 128.82, 127.04, 123.07, 122.55,8121115.14, 111.96. ESI-TOF MSMS m/z (%): [M] 619
molecular ion peak is not observed, but 305.15fNTsH~N=NH-CGH;OH-CH—~NH,—CsH:]. Elemental analysis
calcd (%) For (GH340.Ng): C 75.71, H 5.54, N 13.58, found: C 75.45, H 5288 N 13.35.
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Fig. 1 Synthesized azo ligands dyes (1 - 6)

Bis[5-phenylazo-2-hydroxybenzaldehyde]-4/4ddiaminophenyl ethane (6)

Yellow Solid, yield 86.15 %, mp 19€. IR (KBr, cm'): 3432 (OH), 3285(N-H), 3032 (C-H, aromatic), 2qC4H,
aliphatic), 1586 (C=C, aromatic), 15022 (N=N), 1g24), 832, 684'H NMR( 400 MHz, (CR),S0):5 = 10.50 (

br s, H-10), 7.82 (s, H-3), 7.76 (d, J = 7.6 H&4;4, H-8), 7.68 (d d, J = 2.3, 8.6 Hz, H-2), 7.48 BH, H-5, H-6, H-
7), 7.00 (d, J = 8.6 Hz, H-1), 6.88 (d, J = 8.3 Hz12, H-13), 6.50 (d, J = 8.4 Hz, H-11, H-14),&(br s, N-H),
4.23 (s, 2H, H-9), 2.58 (s, 2H, H-RYC NMR (400 MHz, (CR),S0):5 = 158.66, 152.09, 146.66, 145.15, 130.35,
129.28, 129.15, 128.73, 127.26, 123.33, 122.69,0222115.34, 112.14. ESI-TOF MSMS m/z (%): [M] 633
molecular ion peak is not observed, but 305.15fNTsH,~N=NH-CGH;OH-CH—~NH,—CsH:]. Elemental analysis
calcd (%) For (GoH360:Ng): C 75.93, H 5.73, N 13.28, found: C 75.55, H26ahd N 13.02.

RESULTS AND DISCUSSION
Treatment of 5- phenylazo -2- hydroxybenzaldehyfeDY) with 4,4'(diaminodiphenyl) derivatives in refluxing

ethanol afforded the new azoimine ligand (1-3) igood yield (Fig 1). Pure products were charazgerby IR, Uv-
visble spectroscopy and elemental analyses. Thgs@io compounds can act as tetradenta®, lnd pentadentate
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N,Os ligands. There new azo ligands (4-6) can be oldiyeredcuing the imine groups of the azoiminerdgm (1-
3) with with Sodium borohydride. The azoimine (L&hd their reduced form (4-6) were characterizeshqu
elemental analyses, IR, Uv-visble spectroscOgyNMR, **C NMR and mass spectra.

2.1. FT-IR

The vibration bands with the wave numbers 3415438218, 3436, 3420 and 3432 ¢rare assigned to (O—H)
vibration mode. The N-H bond was observed at 33288 and 328%or the azoimine ligands (1-3). 2900 - 3055(C—
H aliphatic, C—H aromatic); 1573, 1569, 1572, 158891 and 1586 crh(C=C) and 1272, 1280, 1281, 1251, 1258
and 1226 cit (C—O) were observed for compounds (1-6), respalgtiThe C=N bond was observed at 1618, 1617
and 1618 crt the azoimine ligands (1-3).The N=N bond was obegat 1500, 1495, 1490, 1506, 1508 and 1522
cn* for compounds (1-6) respectively. The stretchiegjiiency observed at 2846—2897 tm compounds (1-6)
showed the presence of O—H- inldamolecular hydrogen bonds [21, 22]. The resalésgiven in Table 1.

2.2.'H NMR and C NMR

The OH protons were observed as singlets at 10@9,1 and 10.50 ppm for the ligands (1-3). Thenghprotons
were observed as singlets | the range at 6.55 —T/8d imine protons were found as singlets at pP&. The
azomethine protons were (which proton) observedimglets around 4.22. The singlet of the R—H prstemas
observed at 3.57, 2.58 ppm for compoundm@3, respectively. Thé’C-NMR spectra of compounds 1,a2d3
have 13, 14 and 14 signals, respectively.

2.3. MS

In the mass spectrum, the m/z 620, 618 and 63beassigned to the molecular ion$ &hd the peaks at m/z 621,
619 and 633 to the [M + TJions for the ligands |, 2 and 3, respectively [ZBle most intense peaks at 305 [M +
2]*2, for the ligands (1-3) is assigned togfz—-N=NH-CH;OH—-CH—-NH,—CsH:] fragment.

2.4. UV-Vis

The electronic spectra of all synthesized compousr@gsmeasured (in the range of 200—900 nm) in sblve
DMF, at room temperature (Fig 2). The UV-vis absorp spectra of ALD and compounds (1-6) show two
bands in the range 338 - 358 nm and 452 Tine results are given ifTable1l).Which are assigned to-# =*
andr — z* electronic transition of azo—aromatic chromophofehe aromatic ring and intramolecular charge
transfer interactiofi24].
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Fig. 2: Absorption spectra of ALD and azo ligandslyes (1-6) in DMF

Table 01: Tentative assignments of some selected (RBr, cm™) and UV-Vis data of the prepared azo ligands

compounds | v(N=N) | v(C=C, ar) | v(C=N) | v(C=0) | v(C-H, ar) | v(N-H) | A max(nm)
ALD 1478 1570 - 1664 3040 - 342, 458
1 1500 1573 1618 - 3055 - 344
2 1495 1569 1617 - 3034 - 338
3 1490 1572 1618 - 3022 - 343
4 1506 1594 - - 3033 3284 358
5 1508 1591 - - 3034 3268 357
6 1522 1586 - - 3032 3285 356
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CONCLUSION

In this research work, we have prepared three newindne ligands, namelybis[5-phenylazo-2-
hydroxybenzaldehyde]-44liiminophenyl ether (1), bis[5-phenylazo-2-hydroxybenzaldehyde]4,4
diiminophenyl methane(2), bis[5-phenylazo-2-hydroxybenzaldehyde]:4idminophenyl ethane(3) and their
reduced imine form bis[5-phenylazo-2-hydroxybenzaldehyde]‘ddfaminophenyl ethef4), bis[5-phenylazo-
2-hydroxybenzaldehyde]-4;diaminophenyl methane (5), bis[5-phenylazo-2-hydroxybenzaldehyde]:4,4
diaminophenykthang(6).

All synthesized compounagere characterized using elemental analyses, IRjishle spectroscopyH NMR, *C
NMR and mass spectra.
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