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Summary:Xylenol orange reacts with mercuric acetate, chloride and iodide in
non polar and polar medium to give mercurated products. Their structures are
confirmed by analytical data, IR, UV¥/V and MS spectra. The halochromic effects

are studied.

Introduction

Xylenol orange (3,3'-bis N,N-di(car-
boxymethyl)-aminomethyl o-cresolsul-
phonphthalein) has been used as metal
indicator for complexometric titration
with EDTA even in acid solution (pH
3-5). Acidic solutions of xylenol
orange are coloured lemon yellow and
those of metal complexes intensely red

[1].

Many publications have been descri-
bed for the effect of mercuric salts
on organic compounds [2-8}, some of
these give mercurated compounds or
compounds formed by mercuration
followed by coordination (3], the other
give compounds containing -N-Hg and
-N-NH-Hg bonds and aromatic substi-
tution as well as mercuraction accom-
panied with N=C bond cleavage [6].

The present work deals with the
interactions of mercuric acetate, chlo-
ride and iodide in different media with
xylenol orange followed by studing the
spectra in media of different pH.

Results and Discussion
Xylenol orange and mercuric acetate

(1:1 molar ratio) in toluene or in polar
solvent (e.g. methanol) react to give

mono-mercurated product (I) where
organometallic compoud is obtained via
formation of acetoxymercury salt follo-
wed by decarboxylation to form C-Hg
bond. This is based on the ability of
Hg to replace the carboxylic group
in mono and di-carboxylic acids [9].
Elemental analysis, IR, UV and MS
spectra are consistant with the propo-
sed structure.

The two broad bands at 1630 and
1585 cm !
boxylic group for the starting material

became one band at 1630 em ! in (.
This can be attributed to monodecar- .

boxylation. The new band at 530 cm |
can be attributed to Hg-C bond [10].
The spectrum shows also ng—O at

450 cmf1 and vS0.-0 at 1400-1430,

1200-1145 cm L.

due to the \JC=O of dicar-

2

The absorption maximum of xylenol
orange is affected by change of pH
of solution, in acidic medium at 440
nm and in alkaline medium at 572 nm
with the formation of isobestic point
at 485 nm. At pH 12.5, the absorption

*
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maximum is shifted to longer wave
length (580 nm). Intensity increases
as pH increases and the reverse is
also true.

The absorption spectrum of (I) in
alkaline medium shows" A x at 573,

364 and 294 nm. The intensity increa-
ses by increasing pH value up to11.35
then decrease.

In acidic medium vmax = 435 and

270 nm. The isobestic point is at 508
nm.

The acid value is determined using
sodium bicarbonate. It shows that the
three carboxylic groups are present
in compound (I).

CH
OH / ZHQUCUCH3
H,.C ~ CHAN
3
2 \cnzcuun
CHo
- -OH
CH
\ZN/CH2CGDH
\CHZCUDH
(1)

The mass spectra for compound (1)
did not show the molecular ion peak
at 160, 230 and 250°C.

The most important features of the
mass spectra at the three temperatures
are given in table-1.

When the reaction is carried out
with mercuric chloride in toluene (non
-polar medium) it gives rise to product

(II).

The IR spectrum shows no change
in the aromatic substitution region
which indicates that no substitution
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reaction occurs on the aromatic
nucleus. It showsV802-0 at 1440-1340,

1200-1145 cm 1, at 3680-3100
! OH_

em T, ng—O at 480 cm

The acid values shows the absence
of carboxylic groups.

H/,CH CBU\

Hg
+\ CH,C00~

\

/ \'h CH,COD.

Hg
cuzcon/

{11) Cl-

The qualitative analysis indicates
the presence of ionizable halogen.

in polar medium (methanol) the re-
action proceeds with the decarboxyla-
tion of two carboxylic groups to give
dihydroxy-mercury compound (II1).

OH CH . HgOM /EHZ’NQUH
AL a2 u
"3 l 2 "NCH,LO0M “NCH,HGOH
7~ CHy (111
c
Q \;Q”“  CH,COOH
503 H2 _cnycoon w7

N o N

™ CH,HgOH ™~

(111) CK,COOH

2

The structure (III} is the more
probable than the other (II) due to
steric hindrance.

All the data obtained from analysis,
IR, UV, MS spectra and acid value
shows the presence of two carboxylic
groups.

The IR spectrum for compound (III)
shows the presence of VHg-0 at 450

and Vyo ¢ at 535 cm-1.

cm
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Table-1: Mass Spectra of Compound (1) at Different Tempt.

m/z Fragment at 160°C at 230°C at 250°C

15 cna+ 67.303  40% 84.1%
28 Hzcn’ 61.531  25% 64.77%
9 c3H3+ 65.38%  35% 56.81%
2 CH3c=U+ 44231 2758 loox
59 DCOCH3+ 100% 65% 14.77%
64 - 12.5% 3

77 - 125 1%

91 - 375

105 5.224  25% 9.09%
156 1% 12 1%

200 200, 4 24385 100% 28.4%
202 20z, . 5.22%  100% 36.36%

The electronic spectrum for (III)
shows in acidic medium at 440,270

nm (= 1.2 x 104 and 32}':103 respect-
ively) and 574, 360 and 295 nm in
alkaline medium. At pH 11.6 the maxi-
mum intensity at 547 nm ( = 3.8 x
104).

The MS spectrum for compound (II)
did not show the molecular ion peak.
The base.peak is at m/e 149 (100%)

+ CH3
due to DECQ-DH

CH3 :

The intense peaks at
m/z 39 (63.63%), m/z 45 (73.86%), m/z
51 (67.04%), m/z 77 (63.63%), 105
(23.86%), m/z 200 (29.54%) and 202

(36.36%) are attributed to C H3+,

3

+
+ + + +
HCO, ,CHCH, ,C H.',C H, Q_ c=0,
200 Hg + and 202 H+.
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The small peaks at 65 (10.22%),
90 (11.36%), 91 (13.63%) and 204

(5.68%) can be attributed to C_H +

55 °
+

Table-2: Mass Spectra for Compound (I11) at Different
Tempr.

and C15H1302.

Fragment % Relative Abundance
m/z at 200°C  m/z at 250°C
cH3+ 15 (71.6%) 15 (12.29%0
HZCN+ 28 (50.74%) 28 {43.441)
c3H3+ 3 (100%) 39 (41,8080
c4H3+ 51 (68.65%) 51 (9.83%)
c4H6+ 54 (27.34%) 54 (100%)
CHo 65 (38.8%) 65 (58.19%)
c6H5+ 7 (5.97%) 77 (87.01%)
82 (28.353) g2 {18.18%)
9] (62.86%) 91 (22,07%)
105 (29.85%) 105 (29.87%)
121 (8.5%) 121 (28.75%)
149 (4.47%) 149 (25.97%)
zong+ 200 (29.85%) 200 (7%)
202Hg+ 202 {89.85%) 202 (7%)
CH3H9+ 215 (1.49%) 215 {5.13%)
c15H1302+ 225 {1.49%) 225 (3.89%)
C3H3Hg¢ 239 (1.49%) 239 (4.54%)
LI 265 (2.98%) 265 (1.94%)

The mass spectra for compound (III)
are carried out at 200 and 250°C. It
did not show the molecular ion peak.
Table-2 shows the base peaks at each
temperatures and the relative abun-
dance of the fragments.
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Fragmentation may be schematically summarized as follows:

OH /CHZ—HgUH
HoC Xy CHo =N
i \CH2EUUH
P
: CH,
H. HgOH -
N/ 2 hg / _ C\ — OM 202+
~SCH,CO0H 0 Hg
H
m/z 305 0;/ 2 orateon o m/=z 202
.
CH_HaDH 200
2 H
l-Hg(DH)Z m? 2o
-C,H.N O, Mg =
t“zx g™ V3
N7 C=0 +H +2 € He
“eng” .
m/z 70 Hat @ EHs @Hng
-Co m/z 355
+ H:!|
CH,,~N=CH C
2 2 N
nfz 42 /0 OH o
! 50, CHy
H,_CN H_C~
2 m/z 409 3
m/z 28 0 -CH3 .
CH, HyC @ CHy 7 m/z 105
+
+ C +
E 150 H -C0 H, o)
3 v~ \ " m/z 120 +H C‘\
3
0 -50 CH I
m/z 155 s 2
2
=50 0x
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CHs .
OH @ « /2225
. Wiz 22
Eﬁ/ m/z 77\\'C° /h \ .
1] =C.H + + 3 m/z 91 m z 92 ¢
m/x 241 22 c=0 U=CQ o
CH + ~L_H
43 2 2
mfz 51 ™/=105 m/z143 CM3 j'
co + .
'L CeH L2H2 +
55 C4H
_cu M/l 65 3
L] 39
<—-> oM /z
'»/z 93 Hay
-H I m/z 121 m/z 121
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The reaction of xylenol orange with
mercuric iodide in toluene (non-polar
medium) gives the product (IV). The
results of acid value determination

show the absence of carboxylic
groups.
H e
CH -
it cun” 2 ES
~ -
CHZ-Hg
CH
N H
~ /Cl CH CH, LoD
502 ___2\"/ 2 \Hg
~ . -~
(1v} CH L0G

The data obtained from elemental
analysis, IR, UV, MS spectra also the
acid value confirm the proposed struc-

ture. IR spectrum shows “OH at
3650-3000, VC=0 at 1625, C-Hg at
\Y -
510, Hg-0 at 450 and USOZ 0 at
1

1410-1330 em .

The electronic spectra shows that
at acid medium, two bands are given
at 270 and 433 nm with small difference
in absorbance. In basic medium, three
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972 nm with maximum intensity at pH
11.66 and 3 times more than in acidic
medium,

The mass spectrum for compound
(IV) at 150°C is carried out and did
not show its molecular ion peak. The
base peak is at m/z 452 (100%) due

+
to 025H27N805.
are at m/z 325 (15.45%), 202 (33.63%),
200 (26.36%), 123 (22.72%), 56
(12.27%), 39 (14.09%), 32 (27.27%),
28 (30.45%), 19 (22.72%), and 15

(29.09%) are for

L C T

3 2072, + 200, + b4 +
HG@’“QQHZ , o} Hg' , e Hg Gl '1. SH 'CdHE
HJC

The intense peaks

+ + + + +
,C3H3 SNHOH, HZCM ,HJG and CH3

The small peaks at 255 (9.54%),
227 (11.82%), 101 (4.54%), 91 (2.27%)

65 (2.27%), 58 (12.27%), 54 (7.27%)

and 43 (9.54%) are for Cl7H21N0 .

+ - + +
C15Hy N0 ,HC:C 1CoHy ™ G Cghe T,

+ + +
bands are obtained at 292, 364 and Cate" *Cefs end C[oH30 .
Table-3
Compound m.p.°C Yield % Analysis
%*C %H %N %S, %Hg

C32H34N2013H95(I) 203-204 94 Found 43.0 3.60 3.33 3.4 22.4

Calcd.43.31 3.83 3.16 3.6 22.6
C31H28N2013H925.2HC] 150-151 45 Found 33.72 2.62 2.77 2.67 35,91
(11) Calecd. 33.51 2,70 2.52 2.88 36.14
C29H32N2011H925(III) d.230 43 Found 33.98 2.97 2,50 2.90 39.0?

Calcd. 34.21 3.145 2,75 3.15 39.44
C30H28N2013H925(IV) 120-121 45 Found 36.38 2.76 2.62 3.32 41.12

Calcd. 36.69 2.85 2.85 3.26 40,89
C31H30N2013Hgs (v) 142-143 g7 Found 42.35 3.36 2.0 3.50 22.9

Calcd. 42,73 3.45 2.22 3.67 23.04




402 J.Chem.Soc.Pak. Voi. 10, No. 4, 1988. E.A.EL-SAWL et.al.,

fragmentation of m/e 452 can take place as follous:

H ~CHy
H,C CH, N
3 2 ~
CHJ
H
c i 3
Qe
0
/ cut
502
m/z 452
=120 H
|
H_, G = CH, N
3 2 ~r
OH | H
CH .
H.C CH,N

2'~cH, -50 cH

3
/ + 3 3? S
QSUZ +2H @ m/z 253
w/z 141 C\
-sozl 02/0 ‘/-E ’ \-{(cnj)au

m/z 332 202
OH
[ MJ—I:2N2 -141 pH 'CH3 H.r
—— HoC H N 3 l
m/ 251 m/ 7 3 O \EH3 P

©

A 4 @
H
H
H3 C“z'{z 3 H CH u): 3
3 m/z 227

3 2 H3l:
P \CH3 m/z 196
-co
afz 163 C -N(CH.) .
n 33 '
0+ +2H " -N(CH,) 4 "2

+H

H
+H\N(CH3)-2 m/z 135 N

NH OH H
HaC CH, Hal L~y CHy =

l CLEVRL m/z 191 o

e
=
»/z 107 ./Z 1 n/= o|;v
149 U+ l'/z

+H i=0H
l’ “LHy “Cefe H.T \H\ C2"2
HyL @ —;'—? — C4H3" 3
+
=
"
m/= 77 /z 51 mfz14?2 +
n/z 92 | LM,
. |7¢2"2
CH g
: +H HLC Hil_ PH by
. 3 +H N 2
250 =8 =
14 -17 P
+*
m/z 91 mix ¥ mfz 104 mfz 120 CHZ
n/z 120
1(':2"'2
CH
c.Ht 3 H ~C.H
55 @ - N 2 'Zc .
X a"s
m/z 65 * h
=/=z 78 miz 77 m/x 53

"Cz“z
+
LMy

3
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The reaction of xylenol orange with
mercuric iodide in methanol gives rise
to the product (V) Acid value determi-
nation indicates the presence of two
carboxylic groups.

\CHZCUGH

The data obtained from chemical
analysis, IR, electronic spectra and
MS agree with the proposed structure.

The IR spectra shows vOH at 3650-
v -
3000, V._pat 18630, &1802 O at 1340
and VHg-0 at 450 em .

The electronic spectra show two
bands at Amax 268 and 435 nm in

acidic medium with maximum intensity
at pH 3. At pH 7.55 two bands appear
at Amax 444 and 572 and by increasing

pH value the intensity decreases and
shifted to 572 nm,

The MS spectra are carried out at
two temperatures 100°C and 200°C.
They did not show the molecular ion
peak. The base peak at 100°C is at

+ vCH3
m/z 149 (100%) due toUEC@UH
CHy

whereas the base peak at 200°C is at

m/e 200 due to 200Hg+.
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Experimental

The analysis were carried out in
the Microanalytical lab., National
Research Centre (Cairo). Infra red
spectra were measured on Perkin-Elmer
398 Infra red Spectrophotometer using
KBr wafer technique. The Mass
spectra were recorded at 70 ev on
Varian MAT-711 Spectrophotometer, UV
spectra were recorded on Perkin Elmer
555 UV. Vis., Spectrophotometer,
Mercury is determined after wetdiges-
tion by thiocyanate method using ferric
alum as indicator.

General Procedure

The reaction of xylenol orange with
mercuric salts in methanol

Xylenol orange (0.001 mole) in 25
ml methanol was added drop by drop
to (0.001 mole) mercuric salt in 25
ml methanol. The reaction mixture was
stirred for 5 hours, then left to stand
over-night, concentrated and ether
was added to give crystalline mercura-
ted product. The product was filtered,
dried and recrystallized from methanol
-ether mixture. The filtrate was then
evaporated under reduced pressure to
obtain the recovered unreacted mate-
rial if present.

The reaction of wylenol
with mercuric salts in toluene

orange

A mixture of 1:1 molar ratios of
the reactants in 50 ml toluene was
refluxed for 3 hours. The reaction
mixture was left to stand overnight.
The precipitated product was filtered,
dried and recrystallized from ether-
petroleum ether 40-60°. The filterate
was evaporated under reduced pre-
ssure to obtain the recovered unreac-
ted materials if present.

Yields, melting points and analysis
are given in table-3.
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