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ABSTRACT

2-Amino-6-substituted benzothiazoles (ASB) on diazotization afford 6-
subgtituted benzothiazolyl-2-diazonium chlorides (SBDC). Reaction of SBDC
with cold solution of B-naphthol in dilute NaOH furnishes a-(2-diazo-6-
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substituted benzothiazolyl)- B-sodionaphthoxides (DSBS) which on
acidification with concentrated HCI gives a-(2-diazo-6-substituted
benzothiazolyl)- B-naphthols (DSBN). Reaction of DSBN with p-substituted
anilines gives a-(2-diazo-6-substituted benzothiazolyl)- B-(p-substituted
aniline) naphthalenes (DSBSAN). Fusion of DSBSAN with sulphur in
presence of iodine results in a-(2-diazo-6-substituted benzothiazolyl)-6-

substituted [2,3-b] benzophenothiazines (DSBSB).
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Aluminium, beinganindudtridly important metd, is
subjected to corrosionin service by various corrosive
agents of which the aqueous acids arethe most dan-
gerous. Corrosioninanagueousenvironment followsa
complex pattern of reactionsasacorroding metal as
well asitsenvironment play animportant roleinthe
corrosion process. Corrosioniseectrochemica inna
ture. Thermodynamic cons derationsdecidewhether or
not acorrosion reactionispossible, and itisthekinet-
icsof thereactioninvolvedthat play avital roleinthe
ultimate or meta aloy by chemical or e ectrochemical
reaction withitsenvironment!¥, Corrosion of metal is
also considered asextractivemetal lurgy in reverse?,
The effect of aminesd?, aldehydes” and heterocyclic
compoundson thedissolution of metal in acid solution

has been eva uated. Generally, the organic compounds
containing hetero atomssuch asN, O, S, and Seare
found to bevery effective corrosioninhibitord>%. The
efficiency of these compounds depends upon electron
density of hetero atoms* occurrence of the corrosion
process. Corrosionisadestructive attack on ametal.
The present study deals with the preparation of
benzophenothiazinederivatives.

Phenothiazine derivatives constitute an important
class of compounds possessing widerange of thera-
peutic activities such asantibectirial(*>*3, tranquiliz-
erd¥, antivira®, antiinflammatory!*®, anticancer’*! and
sedatives™® In addition somephencthiazinederivatives
have been demonstrated to be associated with CNS
activity>29, Thesevalid observationsled theauthors
to undertake the synthesi s of somenew compounds of
phenotiazinederivativescontaning diazobenzothiazolyi
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EXPERIMENTAL

Meélting pointsare uncorrected. The purity of syn-
thesized compounds has been checked by thin layer
chromatography. IR spectra are recorded on FT-IR
Perkin-Elmer (spectrumRX 1) spectrophotometer(v,
incm™) using KBr disc.'H NMR spectraarerecorded
inCDCI, onaBruker DRX-300(300MHz) usng TMS
asinterna standard. The chemical shiftsarereported
as parts per million (ppm). UV spectraare recorded
on Perkin Elmer Lambda15instrument.

Synthesisof substituted 2- aminobenzothiazoles
(ASB)

These compounds were synthesized by methods
reported earlier?+22,

Synthesisof 6-substituted benzothiazolyl-2-diazo-
nium chlorides(SBDC)

A solution of 1(.001mole) in 5N HCI (20ml) was
cooled to 0°C. To this solution was added acold solu-
tion of sodium nitrite (1.0gm) drop wisewith constant
stirring. When the addition was compl ete, theresultant
reaction mixturewasleft inice- chest for 1hr. It was
used assuchfor further reaction.

Synthesis of «a-(2-diazo-6-substituted
benzothiazolyl)- B-sodionaphthoxides (DSBS)

Totheicecold solution of 2,acold solution of 3-
naphthol (0.05mole) in dilute NaOH was added drop
wise with constant shaking. A dark red dye resulted
which darkened on adding more alkaline sol ution of -
naphthol. When the addition was compl ete, the result-
ant reaction mixturewasvigoroudy stirred and filtered
off. It wasdried and used for further reaction assuch.

Synthesis of «a-(2-diazo-6-substituted
benzothiazolyl)- g-naphtholes(DSBN)

A saturated solution of 3(0.002mole€) inwater was
neutralized with concentrate HCI . A solid separated out
which wasallowed to stand at room temperaturefor
30min. It wasfiltered off and washed with water. The
compoundsthus prepared, wererecrystallised from
redidtilled ethanal.

Synthesis of «a-(2-diazo-6-substituted
benzothiazolyl)- -(p-substituted anilino) naphtha-
lenes (DSBSAN)

A mixtureof 4 and p-subgtituted aniline (equimoler
amount) containing anhydrous ZnCl--, (1gm) in abso-
lute ethanol (50ml) was heated under reflux for 5hr on
asteam bath. The solvent wasdistilled off and there-
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Scheme 1: Reagentsand condition: @) NaNO, /HCI, 0°C, b) B- Naphthol/ dil. NaOH, 0°—5° C, ¢) Conc. HCl, d)p- substituted
aniline/ EtOH, anhyd. ZnCl, heating on steam- bath, reflux, Shr., €) S, 1,/ heating on oil bath.

Au Tudian Yourual



MSAIJ, 11(11) 2014

Kumar Sudesh et al.

359

Sdud s0lidwaswashed withwater. It wasdriedinvacuo
and recrystd lised from methanaol.

Synthesis of a-(2-diazo-6-substituted
benzothiazolyl)-6- substituted [2,3-b]
benzophenothiazines(DSBSB)

Heating a mixture of 5 (0.001mole), sulphur
(0.002mole) andioding(1% weight of reaction mixture)
inan oil-bath for 2hr afforded adark green solid which
was cool ed and washed repeatedly with water. It was
dried and recrystallised from benzene aslight green
crystdlinemass.

SPECIMEN PREPARATION

Aluminium specimensdimenson2.5cm* 1.5cm*
0.02cm containing asmall hole of 2 mm diameter near
the upper edge were employed for the determination
of corrosion rate. a uminium specimenswere cleaned
with emery paper. The corrosion productswere cleaned
with Clark’s solution!®®. Thewei ght of the specimens
before and after immersion was determined using a
Schimadzu ba ance. Specimensweresuspended by glass
hook; the degree of surface coverage(0) is calculated
by following formula?4.

0= (AMuU-AMi)
AMu
Where 6 surface coverage and AMu and AMi are the
masslossof themetd in uninhibited andinhibited acid
respectively.
Thecorrosion rate mmpy (mili meter penetration
per year) can be obtained by thefollowing equation!.

Corrosion rate (mmpy)=  (Mass loss » 87.6)

(Area = Time x Metal density)
Wheremasslossisexpressedinmg, areaisexpressed
incm? of metal surface exposed, time is expressed in
hours of exposure, metal density isexpressed in gm/
cm? and 87.6 is the conversion factor.

POLARIZATIONTECHNIQUE

Experimental set up for the pol ari zation measure-
mentsinclude athree electrode cellsand potenti ostat
(Elico Model CL-95). Spontaneous reaction takes
place onthemetal surface dueto potential difference

= Fyl] Peper

between cathodesand anodes. When metd isimmersed
asan el ectrodein theagueousenvironment and activa
tion polarization of both reactionsleadsto decreasein
corrosion rates. The potential and corresponding cur-
rent densitiesare called as corrosion potential (Ecorr)
and corrosion dengity (Icorr) respectively. Cathodic and
anodic polarizationsof theworking e ectrode occur and
the curves shift towards lower current densitieswith
increasing concentration of additives?.

__{papg 1 A
“" 2303(Ba+pc) Rp AE
Where fa and ¢ are Tafel constant and Rp is the po-
larization resistancethen|_can becalculated using
the above equation.
The perentageinhibition efficiency (n %) can be
cdculated asfollows?.

'=lo, 100
I 0
Wherel and |, arethe corrosion currentsin uninhibited
andinhibited solution respectively.
Corrosionrate can becalculated from|  vaues
using therelation®,

n%=

CR(mmpy) = 0.1288x 1, xE
D
density — Current
Current Y="Area

Wherel _isthecorrosiondensityinuA/cm? Eisthe
equivaent massof themetd inmg and D isthedensity
ingm/cn.

RESULTSAND DISCUSSION

Schiff basesaretypically formed by the condensa-
tion of aprimary amineand an aldehyde. Theresultant
functional group, R"HC=N-R?, iscadled anamineand
isparticularly for binding meta ionsviatheN atomlone
pair, especially when used in combination with oneor
moredonor alomsto form polydentate chelating ligands
or macrocyclic. Asthe corrosion processis electro-
chemica innaturewith four componentswhich are: an
anode, acathode, an € ectrolyteand somedirect el ectri-
cal connection between the anode and cathode. The
adsorbed shiff base derivatives act to slow corrosion
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TABLE 1: Effect of benzophenothiazinederivativeson mass
lossdatafor corrosion of aluminiumin 0.5N hydrochloric
acid. Effectivearea of specimen: 3.875cm? Temperature: 30
+0.5°C. Immersion Time: 24 hours.
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TABLE 2: Effect of benzophenothiazinederivativeson mass
lossdatafor corrosion of aluminiumin 1N hydrochloricacid.
Effective area of specimen: 3.875 cm?2. Temperature: 30 +
0.5°C. Immersion Time: 24 hours.

Inhibitor; Mass Inh_ipition Corrosion  Surface Log Inhibitors M ass Inh‘ib‘ition Corrosion Surface Log (0
Concentration Loss Efficiency rate Coverage 0 /1-6) Concentration loss Efficiency rate Coverage /1-0)
(mM) (mg) (m%) (mmpy) () (mM) (mg) M%)  (mmpy) ()
Blank  242.63 1416.30 Blank 28854 1690.10
SBD SBD
1 55.67 77.04 32502 0.7704 0.5260 1 63.64 7803 37147 0.7803 0.5501
4693 8065 27400 0.8065 0.6201 2 5508 80.98 32156 0.8098 0.6290
5 4034 8336 23557 0.8336 0.7003 5 46,70 8386 27260 0.8386 0.7159
10 3395 86,01 19826 0.8601 0.7884 10 30.84 8626 23259 0.8626 0.7970
15 2876 8813  168.01 0.8813 0.8716 15 3314 8855 19353 0.8855 0.8882
20 2435 8994 14228 0.8994 0.9528 20 2793 9034 163.08 0.9034 09714
DSBS DSBS
1 4745 8043  277.07 0.8043 0.6141 1 5601 80.64 32697 0.8064 0.6201
2 4073 8321  237.85 0.8321 0.6950 2 4492 8446 26222 0.8446 0.7360
5 3479 8564 20317 0.8564 0.7763 5 3583 87.61 209.16 0.8761 0.8503
10 2917 87.98 17041 0.8798 0.8644 10 2876 90.04 168.04 0.9004 0.9570
15 2496 8970 14585 0.8970 0.9406 15 2320 9198 13541 0.9198 1.0606
20 2115 91.27 12344 09127 1.0208 20 1853 9360 10890 0.9360 1.1650
DSBN DSBN
1 4454 8163 26004 0.8163 0.6482 1 4724 8367 27576 0.8367 0.7107
2 3523 8548 20562 0.8548 0.7706 2 3881 86.85 22218 0.8685 0.8205
5 27.96 8847 16327 0.8847 0.8850 5 30.82 89.34  179.92 0.8934 0.9240
10 2236 9076  130.63 0.9076 0.9934 10 2523 91.29 14734 09129 1.0202
15 1807 9255 10558 0.9255 1.0946 15 2050 9292 11967 0.9292 1.1180
20 1375 9431 80.47  0.9431 1.2209 20 1700 9413 9922 09413 1.2051
DSBSAN DSBSAN
1 3570 8528 20845 0.8528 0.7631 1 3392 8827 19805 0.8827 0.8773
2 2996 87.64 17494 0.8764 0.8513 2 3037 8951  177.33 0.8951 0.9310
5 2498 89.69 14587 0.8969 0.9404 5 2642 9086 15429 0.9086 0.9985
10 2083 9141 12166 09141 1.2076 10 2265 9218 13229 09218 1.0710
15 1782 9264 10410 0.9264 1.1008 15 1934 9332 11295 0.9332 1.1456
20 14.74  93.90 86.08  0.9390 1.1899 20 1627 9436 9501 09436 1.2253
DSBSB DSBSB
1 2883 8831 16564 0.8831 0.8782 1 2082 89.71 17406 0.8971 0.9404
2 2301 9052 13422 0.9052 0.9803 2 2523 9128 14733 09128 1.0200
5 19.14 9213 11179 0.9213 1.0604 5 2172 9250 12678 0.9250 1.0902
10 1585 9345 9265 09345 1.1555 10 1825 9367 10657 0.9367 1.1720
15 1331 9450 7774  0.9450 1.2366 15 1541 9468 8998 09468 1.2505
20 1117 9542 6511 09542 1.3177 20 1244 9572 7275  0.9572 1.3403
process by either. 2 Reducingthemovement or diffusion of ionstothe
1 Increasing theanodic and/or cathodic polarization metdlicsurface;
behaviour; 3 Increasingtheelectrical resistance of themetallic
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TABLE 3: Potentiostatic polarization datafor aluminiumin 1.0N hydrochloric acid with benzophenothiazinederivatives.
Effectivearea of specimen: 3.875cm? Temperature: 30+ 0.5°C.

Colnncrt]alntilrtgtri on OCP Icorr , ]nhibition Corrosion Ba Be Rp
(MM) (-mV) mA/cm Efficiency (n %) Rate(mmpy) mV/decade -mV/decade (ohms)
Blank 499 3025.6 1382.52 88 159 0.0080
SBD

1 491 868.83 71.25 396.81 90 157 0.0285

2 493 798.25 73.61 364.03 91 158 0.0313

5 486 717.76 76.29 325.28 93 161 0.0354

10 489 659.07 78.20 300.48 94 162 0.0390
DSBS

1 484 797.94 73.61 362.89 91 158 0.0313

2 489 726.84 76.00 331.43 93 159 0.0350

5 487 657.25 78.29 298.65 95 161 0.0394

10 486 598.56 80.16 272.85 96 164 0.0442
DSBN

1 484 716.55 76.38 324.73 94 161 0.0360

2 485 646.97 78.68 296.95 96 162 0.0404

5 480 596.44 80.36 271.88 96 164 0.0441

10 483 538.04 82.21 243.22 98 165 0.0496

DSBSAN

1 486 666.93 77.98 303.07 93 163 0.0386

2 482 595.44 80.36 271.88 95 164 0.0437

5 481 503.55 83.39 227.47 97 166 0.0528

10 480 386.76 87.27 176.14 100 168 0.0705
DSBSB

1 484 665.93 80.39 271.47 97 165 0.0445

2 488 496.69 83.66 223.88 98 166 0.0540

5 485 416.02 86.24 189.96 100 167 0.0652

10 486 324.13 89.33 148.55 104 169 0.0864

surface. mass|oss method. Potenti ostatic polarization datahave

Theinhibition efficiency (%) calculated fromthe
mass |oss measurement for hydrochloric acid solution
and inhibitorsaregivenin TABLES (1-10). It isob-
served that theinhibition efficiency increaseswithin-
creaseinthe concentration of theinhibitor. The corro-
sion ratedecreaseswith increasesin concentration of
inhibitors. Masslossresultsaremoreimportantin gravi-
metric analysisand thismethod ispreferred.

Schiff basesshow the efficiency intherangefrom
minimum 77.04%to maximum 95.42 %for duminium
in 0. 0.5N hydrochloric acid it shows 78.03% and
maximum 95.72% for hydrochloric acid showsmini-
mum 79.9% to maximum 98.4%. (TABLE-1&2) in

been shownwithauminiumin 1N hydrochloric acid
solution with aluminium (TABLE-3). Thermometric
method (TABLE-4) shows minimum 20.57% and
maximum 88.23% for 1N hydrochloricacidwhile2N
hydrochloric acid show minimum 38.66% and maxi-
mum 79.83%whereas4N hydrochloric acid show mini-
mum 39.56% and maximum 76.54% inhibition effi-
ciency withauminium. Inhibition efficiency increases
withincreaseininhibitor concentration. Potentiometric
and thermometric resultsprove the previous statement
(TABLE-3 and4). Thevariation of the reaction num-
ber withinhibitor concentrationindicatesthat thereac-
tion number decreaseswith increasing inhibitor con-
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TABLE 4: Thermometricdatafor aluminumin 1.0N, 2.0N
and 4.0N HCl in presence of benzophenothiazinederivatives.
Initial Temperature; 30+ 0.1°C; Area of Specimen: 3.875cm?

Inhibitor
Con((:;n,\t/lr;a\tion él\Nl n % ;'\Nl n% ;'; 02

Blank 0.1050 0.1849 0.3332

SBD
1 0.0820 20.57 0.1073 41.49 0.193 441.95
2 0.0660 34.76 0.0948 48.72 0.1708 48.73
5 0.0560 46.68 0.0865 53.21 0.1559 53.21
10 0.0420 60.13 0.0654 64.12 0.1178 64.64
15 0.0260 74.90 0.0558 69.82 0.1005 69.83
20 0.0241 76.86 0.0462 73.42  0.0920 72.38

DSBS
1 0.0730 30.68 0.1134 38.66 0.2044 39.56
2 0.0610 41.47 0.1068 42.23 0.1925 42.53
5 0.0480 53.69 0.0913 50.62 0.1645 50.63
10 0.0300 71.30 0.0828 55.21  0.1492 55.22
15 0.0226 78.47 0.0621 66.41 0.1119 66.41
20 0.0210 83.56 0.0440 75.23 0.0870 73.88

DSBN
1 0.0808 23.04 0.1032 44.07 0.1863 44.08
2 0.0642 38.85 0.0920 50.24 0.1658 50.24
5 0.0555 47.14 0.0841 54,51 0.1515 54.53
10 0.0423 59.71 0.0667 63.92 0.1202 63.92
15 0.0241 77.04 0.0534 7111 0.0962 71.18
20 0.0203 86.43 0.0421 77.53 0.0845 74.90

DSBSAN
1 0.0718 31.61 0.1021 4526 0.1857 44.26
2 0.0604 42.47 0.0916 51.86 0.1643 50.69
5 0.0467 55.52 0.0832 54.23 0.1488 56.38
10 0.0342 67.42 0.0642 65.43 0.1167 64.97
15 0.0226 78.47 0.0564 68.47 0.0958 72.67
20 0.0200 87.21 0.0419 78.24 0.0839 75.69
DSBSB
1 0.0741 29.42 0.1016 46.25 0.1849 45.39
2 0.0627 40.28 0.0913 52.64 0.1638 51.48
5 0.0474 5485 0.0826 55.28 0.1469 57.84
10 0.0313 70.19 0.0636 66.57 0.1158 65.19
15 0.0220 79.04 0.0535 69.86 0.0955 73.58
20 0.0196 88.23 0.0413 79.83 0.0828 76.54
centration.

Temperaure hasasgnificant influenceonmetd cor-
rosion rates. When the electrochemical corrosionre-
actioninvolvesacathodic process of hydrogen depo-
larization asmentioned in the present study, the corro-
sonrateincreasesexponentially withrisein tempera-
ture.

Thefollowing order of inhibition efficiency hasbeen
observed for fivebenzophencothiazinederivativesfor du-
miniuminhydrochloricacid.

SBD< DSBS< DSBN< DSBSAN< DSBSB
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