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Abstract

Hydroquinone (HQ) is an antioxidant and this study was to synthesis hydroquinone
derivatives via aldol condensation between 1,4-cyclohexanedione and varieties of aldehydes (2,4-
dihydroxybenzaldehyde, 3,4-dihydroxybenzaldehyde, 2,3,4-trihydroxybenzaldehyde, 3,5-
dimethoxy-4-hydroxybenzaldehyde and 3-nitrobenzaldehyde) in the presence of lithium chloride
as a catalyst in pyridine solvent. The synthesized products were explored for the structure and
antioxidant activity relationship using DPPH radical scavenging assay results pointed out that all
synthesized hydroquinones exhibited high scavenging activity against DPPH radical. Then the
synthesized products were explored by using Spectrophotometric Assay method and found that
the 2-(3,4-dihydroxybenzyl) hydroquinone was exhibited the highest scavenging activity against
DPPH radical with IC,; 0.11 mg/ml which higher than standard BHT and lowinox. Then the
synthesized products were tested all of synthesized hydroquinones in latex as an antidegradants.
The results showed that the mixing latex with 2-(3,4-dihydroxybenzyl) hydroquinone are swelling
less than the mixing latex with Lowinox with Swelling ratio 1.00. The endothermic or exothermic
processes test rubber by using differential scanning calorimetry method found the melting point of

mixing latex with hydroquinone derivatives are higher than the melting point of natural rubber.
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E4
A
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)“\ e Yas )\W/\)\\/OH )\ | Sy, Ot
[\fj/\[\/I “OH &/ '\/L\DH k[’/ K\ “OH
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OH OH
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51 1.5 3 Tnssaduasoyius leTasai Tuuiuansgnigegane DPPH
a L - | a aa a a ¢ A )
1.2.2 IAAHUN 399U 3UN3 ¥IAS uazadaning Yszesguas
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SAu udmagougnEAIueYNadaTENU 2 2-diphenyl-1-pycryhydrazyl radical (DPPH) %M@
1 9 Y4 a a Q‘{S} a A
m3naaeanu Ideyiusuedlalasad Tuunnaiaszuansgniaiueyyaddss Taoh
Aa o sy ¥ = = -4 Q"'sl a Y A 2
naadun 1den 3.4-1a leasondiuua ad laq udasgniduoyyadase lAdfiga  Feas
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= d as
2. 13N Qﬂﬂ‘im HasIHTNIINAAIY

2.1 sl
ol VIHNGWEN Uszins
1. 1,4-cyclohexanedione Aldrich chemistry Germany
2.2,2 — diphenyl -1-picryhydrazyl Fluka chemika Switzerland
3. 2,3,4-trihydroxybenzaldehyde Aldrich chemistry Germany
4. 3,4-dihydroxybenzaldehyde Aldrich chemistry Germany
5. 3-nitrobenzaldehyde Aldrich chemistry Germany
6. 4-hydroxy-3,5-dimethoxybenzaldehyde Aldrich chemistry Germany
7. dibutylamine Fluka chemika Switzerland
8. ethanol J.T.Baker USA.
9. ethyl acetate Analytical univar A.R Australia
10. hydrochloric acid Analytical reagent A.R Thailand
11. isopropylamine Fluka chemika Switzerland
12. lithium chloride Ajix finechem Australia
13. pyridine Ajix finechem Australia
14.silica gel GF , Merck Germany
15.sodium chloride Merck Germany
16.sodium sulphate Ajix finechem Australia
2.2 n3esilenazqunsel
in3esile - gilnsal VIHNAwaNaz Y Uszma
1. inTesdnlosuBoaaunuile  Perkin Elmer USA
HADADIINAT
(differential scanning
calorimetry,DSC)
2. 1nTeadewiia 4 A Mettler Toledo 34 AB304-S  Switzerland

(analytical balance)
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d' = d Av Y a v
1n30930 — ginIas UIHNHHIAAT I Uszina

3. 3043ANIgNaUIA CA91786 USA

(UV - lamp)

4. 15958 EY Tod Butachi U-2001 Switzerland
5. undesuunuAns Tsuuud  Bruker AMX 400 MHz Australia
alnTad1nd AVANCE

(nuclear magnetic resonance

spectroscopy

6. fourier transform infrared Perkin Elmer USA
spectrometer

7. TLC plate (aluminium sheet) Silica gel F,, Germany

2.3 35MINAABS

2.3.1 MIFannzveywus lalasadlu

11 1,4- cyclohexanedione 0.01 mol, 2,4-dihydroxy benzaldehyde 0.01 mol 4@ lithium
chloride 0.01 mol a3luvadUAANULIA 100 ml Tneddiazans Av pyridine 51195 20 ml
&ty i lhugasenlugasddnaTaslfanmudeni so °c ifuna 8 437w ndsn
Uafnee 1910870 cthyl acetate wazuenasuSans lnemadianeduni TnsinTnsns il Taeld
wlandeuf Ao ethyl acetate : hexane TuSAs1EIMA1ITY TaBSURSATIAINVD cthyl acetate -
hexane 1:9 uamﬁu%ﬂﬂéaaqiﬂmﬁuﬁmwdaumm ethyl acetate (MININAQDUTUAYINY
Taodsuriinveadad laa 15lu 3, 4- dihydroxybenzaldehyde, 2,3 4-trihydroxybenzaldehyde,
3,5-dimethoxy-4-hydroxybenzaldehyde Li& 3-nitrobenzaldehyde

ﬁmﬁu?qwﬁdﬁﬁqmﬂwﬂlﬁmmmﬂﬁﬂmﬁ’w MINIANADUKAT LAY T INTIZH g3
Tnseadravesans Taemnailn furrier transform infrared spectroscopy Qg MmAHA 'H nuclear
magnetic resonance spectroscopy RETL RN

2.3.2 MINAAIUANNAINIDIUMSAIUBYYAd sz lagmatin DPPH radical scavenging
assay

1. 93 ouA15aza0UDa 2.2 — diphenyl -1-picryhydrazyl (DPPH) Tummuea Taet

DPPH 15110135 11.80 Haansu azarelummueaudilsuisuasluraiadsuas it
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Y] A A 3 9 19 Y [ :J’ ~

100.00 ml Llﬁg‘ﬂﬂﬂﬂufﬂﬁ'ﬂmjﬂﬂlﬁiﬁ]uﬁleﬂslﬂiﬂu@TﬂTﬂLLﬂguﬁﬁ HAIVINUU YA (spot) €130
ﬁui%%ﬂﬁ@ﬂﬂﬁﬂullﬁiu TLC

. & g a ) 1 a4 vq Yo =

2. NUA1Ta2a18 DPPH FUUETANIUYNAIUULHY TLC W!@iﬂﬂqﬁiﬂﬂﬁﬂﬁ e

[ A a d? v = QJSI 9 a a =S

AUNANANNAVHUULNU TLC ‘Vi”lﬂﬁ”li(lﬂllq%ﬁ@1u1uﬂ1ﬁﬁ1uﬂi§3§ﬁﬂﬁigﬂ$Lﬂﬂﬂ?iﬂﬂﬂi}%‘iﬁ

1 ' 4
494 DPPH VUi TLC tiipaninasniigniaueyyadaszazil §iserny DPPH radical 11

Yy I A uaj 3 A A s 1 o
¥ ai29v99 DPPH 18 1 azaisueaiudvesansiiuilumay (@neuny DPPH adli)) da

71 2.1
lutignidueyyadase Ngnidueoyyaddse
00
AU DPPH NaInU DPPH

31 2.1 dnBULYOIHY TLC ADULAZHAINIIWY DPPH
2.3.3 MINATOUANNAINITAIUNIINUBYYADAIZAIINALIA spectrophotometric assay
) [ 4 o a v o
1. thanduanzioyiuilalasailuu 1.00 mginazatelu dvhazaie wnvea
a % U 9. Yy 9 [
US11a5 4 ml az@eveasaleee Inanuutudu 0.125, 0.0625, 0.03125, 0.015625 LAY
a [ L] A A k2 a 0o w 1
0.007813 mg/ml ana1saleeagson’ 3 aslululasman U505 50 pl Taevidedeas 3
Y
1
a a { a @ 1 9 Y {
2. @uansazate DPPH Y511a5 200 ul Tl Tasmanivuansdiedns]d nea3 luinila a
a9y I = o ;’f ) v A ~ A
gagieudunal 30 wii wasemiv s ldiasimsganaunasianuenaau 517 urlu
D] < o ¥ AnyY o v o &
was Taeldwmusalumsuasgiuavugy ihdeyad ldautinsmuaasnnuduiug

9
' 1 o I3 4 [V a o 1 @
531’7’JNﬂTﬂﬁﬂﬂﬂaullﬁﬁﬂ‘]JL‘]J’é)ﬁL“]f‘L!G]ﬂTiﬂﬂﬂﬂ@ugﬁ@ﬁ‘iz HasMUIUNIAT IC,, ANTUNIT

% inhibition = 100 x [L - | Absorbance of sample

Absorbance of control

13§0 A Sample = A1 absorbance Nia lAvpaasazareNnauniy DPPH 11d2

A Control = i1 absorbance 1179 1909 DPPH tazdiinazaten e
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9 v
nasnniwihmanudunldvesensazaedoe1e 1ag % radical scavenging lde31ansm
maIC,,
A Y v A o q ¥ Y 9
* 1C, Avmanudnduvesmsnannsah lianududuvoDPPHAAAI50 %
Y [ J
2.3.4 M3wssua s ¥l unmsmsenenaTan Ty
MSIAIENMNLOY dispersion 50 %

o | A Y = o [ . .
M3 2.1 01 IUVIASIANN 1F IUMTaT ouR LAY Dispersion (50 %)

Foas e (n5)
RTEAY] 50.0
Bentonite clay 1.0
Dispering agent 1.0
i 48.0

Aan =
IDNIIUAFEN
o QEJI @ . A 9 I a
uWﬁWiﬂx‘lﬁﬂJﬂWﬁﬂJﬂuiu container box ‘V]’Uﬁ3ﬂgﬂl!ﬂ3ﬂlu1@tﬁﬂ1u1jih1ﬂ‘i 2/3 Y93UIN
o o ) 4 L o
ﬂWﬂuuquﬂUﬂﬂﬁﬂ!ﬂ%{ﬂﬂ lab scale ball mill Lﬂuwm 72 “]f'JIﬂJ\i
J d
MIn3euTIR0N laa dispersion (50 %)

o ' A g Y a a < s . .
M1319 2.2 'E)G]iWﬁ’JuﬂJ@ﬁﬁWiLﬂNﬂl"]ﬂuﬂWﬁmﬁflllc])'\iﬂf]f]ﬂhlc]fﬂ dlsperSIOH (50 %)

A Y Y
¥Oa1I MINUN (NIN)
a Jd J
Fanoon lua 50.0
Bentonite clay 1.0
Dispering agent 1.0
i 48.0

ad G}

IBNILAIBN

o qu @ . A 9 <3 a
mmimmmwmmualu container box mJi’u‘ﬂgﬂummmmaﬂaluﬂimm 2/3 U

3 ) 4 . [~ o
UINA ’ﬂ'lﬂuu‘H']ll‘]J‘Uﬂﬁj'JﬂLﬂ?ﬂﬁ lab scale ball mill (Hurian 72 GD"JIIN
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M3tA38N ZDEC dispersion (50 %)

A519 2.3 9AT1EIUYRIEN 5NN 1915103 83 ZDEC dispersion (50 %)

Foas WwiTn (n5Y)
ZDEC 50.0
Bentonite clay 1.0
Dispering agent 1.0
1 48.0

ad G
IBNIAIBN

) 09: [ . { 9 I a
mmim‘ifmﬂwﬁuﬂuclu container box ﬁ’miﬂgﬂl!ﬂamu1ﬂlaﬂ1uﬂin1ﬁi 2/3 U

Qe

o

UIA MMNUUU llﬂﬂﬂg{’f]ﬂlﬂ%‘ﬂﬂ lab scale ball mill !,‘]dJ‘LlL’Jﬁ1 72 ¥ 109

M358 lowinox CPL dispersion (50 %)

o ' A g Y a ao s . .
M9 2.4 'é)ﬂ51ﬁ3um@ﬁﬁ1‘ilﬂﬂﬂ1%1uﬂ15mﬁillliﬁ’)uf]ﬂc]f dlsperSIOH (50 %)

Foas e (n5%)
lowinox CPL 50.0
Bentonite clay 1.0

Dispering agent 1.0
i 48.0

ad G}
IBNUAIYN

A H
) @ @ . <] a
amsnanuawaniuly container box Nussggnudrvina@nluliuag 23 ves

Qe

o

UIN IMNUUU ulﬂﬂﬂﬁ’lﬂlﬂ?ﬂﬂ lab scale ball mill ﬁJunm 72 F 134
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(Y] J
ﬂ1§!ﬂ%ﬂ3~lﬂ1\1'f]ﬁﬂflum (vulcanized)

= A 9 (9 d‘ Y 4 a
M1319 2.5 ’L:,fﬁiﬂ”lﬁmileIfJ”I\WIi“b’ﬁ"Iiﬂﬂﬂﬂuﬂ”lﬁlﬁi’)llﬁﬂ”lw (mgwuﬁllaimmiuu)

ARG UMa (H3N) Wen (H3N)
¥e199 60 % 100.00 166.70
Tuaendenlansen lod 10 % 0.50 5.00
AUZOU 50 % 1.00 2.00
39139 50 % (ZDEC) 0.75 1.50
ayus lalasad Tuu 50 % 1.00 2.00
Fanoon lua 50 % 1.00 2.00

ad
IEMINAae
o 2 2, 99 e 2 r
Lxsasnainalugas mnmdiminnnulidinuiuna 72 979 nadeveei
o s & o ~ Y o 2 @
Heary Tagnagoununas Iswesy (chloroform test) MM ANANIENIINTU Az Tan
Al
Tusanll
(Y] d
2.3.538M3naaaununaslses (chloroform test)
:j o J a ] @ v o g 9 1Y Y
wautiigranuaae lIsesuludsuiaun q fu muanduantuden sansaten
7 dy
8199971

'
v A

1 = ] a9y 9 = A A I A W Iy 1 Y
1. hidw D du1iungungiivos dousramiien iWetasemilule dendaldlila
1 @ 9 Aa o 9 9 4 1 I ¥
11 2-4 U AousAaiuios davonilos Wodzvia nonlyld
1 [ 9 1 o Y 1 I Y
2. 11 5-7 S Houena limilen vaeenainnu ladis Dol la
1 @ ¥ 9 I~ [ [ 9) "W Y
3.2y 8 Yu vu ) Aouenadlumasiu donldlild
2 (Y] 4
2.3.635msvuzuazms Tam luq
) A A A 9 dg' 3 a o ¢ =& o 9 1
Weinauimion 1a iiiughiusdasua seildlaamldnszanuue 9x5

a = a

uANAs ¥ul 1 aawas i ldeunguvgd 70 esruaaiBed 24 2 Tu9 udavunngungll
dgl 3| = 1T g = Yo 1 d?
Y 110 eerusadod ouadumar 30 i vz 1ddredeesugl
2.3.7 M3MAN total cross link density Tagfia1sanan swelling ratio
ad
IEMINAae3
1. AAAI9619819 1x1 uUANAT 1A TAVUIANNUEI AW LazHN vy
o { 1 < o
2. henad Idus Ingdudluna 24 2 Tug

3. JAUAgnasy Ingdu
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4. MMIAUIUNAT swelling ratio

Tnennsdnauianamenmuesenanauneuusluasazatg Ingounazrausy Ing

ULTIULIAN 24 T92THY LAIATUIIUIBFRTINTUINAI VAN ANIIN AT

P
Q 1 Ne 15
Wd PW

1300 = Swelling ratio

= Swelling weight of polymer

Q

Ws

W, = Dry weight of polymer
P, = Density of polymer

Pw

= Density of toluene

2.3.8manaaevaniamamemnlaglfimaiamsiammasnuanuion
scanning calorimetry, DSC)
Gl“]?ﬁﬂ?’)%ﬂl@\iﬂTiﬂﬂﬁfNﬁ\if:
Heatrun :50 —330°C ‘171 40 °C /min start 50 °C
Cooling run : 330 —»40 °C ‘171 40 °C /min
Coolant : ice — water
Pure gas  :dry N, (99.9 % pure) ﬁ 20 psi (20 ml/min)
Sample pan : aluminium, 25 pL.
Sample size : 1-5 mg

Reference : empty aluminium pan

(differential

Y ) 1 o Ay Yy Y
ﬂWfJGlﬂﬁ'ﬂTJzﬂWﬁﬂﬂﬁ@\isUNﬂu ﬁ]%W‘U’J']i]'ﬂ‘Hﬁf)iJL‘Hﬁ'JGUﬂﬂﬁ13§l’)ﬂﬂﬁﬂhlﬂﬂ1ﬂﬂ1ﬁcl‘lf

. . . . < o a 4
differential scanning calorimeter (DSC) uanalumes luunsy memmﬁmmﬂzﬁwa'lﬁmﬂ

o
193 luns
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3. HanmInaaoy uay ﬂ1§%!ﬂ513ﬁlﬂﬂﬂ1ﬁﬂﬂﬁﬂﬁ
3.1 HavesiaazaefiTidemsFunI1ZH 2-(2,4-dihydroxybenzyl) hydroquinone
diethminaaeslasnmsmaiazaefimunzay Tasshazaroil9inaauimidiy
waziameuiie 1l dmsdunsiziowitug lalasad Tuuiinidevaznaldiniigalaeld
URnTenIuuUuLIUIanpaTEnIN 1,4—cyclohexane  dione tiag 2-(2,4-dihydroxy)

benzaldehyde

M99 3.1 WA AN 1AM IFunI1H 2-(2,4-dihydroxy) benzaldehyde

ayus lalasal 1A1ADUNA" ftazany nlesiduanaldves

Tuu (0 HaRfaN (Yyield )
2-(2,4- pyridine 81.66
dihydroxybenzyl) 134.80 isopropylamine 71.97
hydroquinone dibutylamine 38.60

"= isolated yield
91NNINAABINDI 2-(2,4—dihydroxyl) benzaldehyde 111058101 1,4-cyclohexane dione
a 7 3 o ' aan a < v o { { J J
Taefiadiounne lsmidudnsalfnser I nsaududhazaenanga uazIiulesdudnald

=

A = o ' a ] o o & 9
UnNga Ao 81.66 % f)'li]Lﬂl!LWﬁ'l%'J'l 611!ﬂa]lﬂﬂ'liLﬂﬂﬂ'l‘iﬂ']ﬂlluuuﬂ‘]ﬁ]ﬁﬂﬂﬁﬂH’]Ju@]lell’Uﬁ

Yt

i g @ o Y a aaa 9. a ] IS vo { o Y =
ioiudifeTsnou nagildinalgnsen18a Tnsauunziiludhazaenimihnldanga
el 1a%eoazma langs

v d (Y]
3.2 msfaanzrimseyitus lalasn3luu
@ J o a 3 a A 1 < A o =2 A
nnmsdunszioyius lalasal Tuun s siadioagluanzuewdaziidnyuznanh

Y @ any Y 1 < 1 a2 Yo A 1
adeiuazuend Iden uaszimuaNuIANAYed IMFanuieodluanizvesmsazay

P ' Y 1 1 oAa = < 1 A A o 7
aunsaueneen daungy 1dun nguiiivg leasond (-oH) iWunyunun fe msdunsizy
2-(2,3,4-trihydroxybzyl) hydroquinone 2-(2,4-dihydroxybenzyl) hydroquinone (482 2-(3,4-

. . 3| S A 9 a2y 2’ o w oA A

dihydroxybenzyl) hydroquinone 10T INTUIALE duina MUAIAD nguidedne
o 4 . . I~ & ) oA A

A1399A31EN 2-(3-nitrobenzyl) hydroquinone 11HYDWAITNMAIY taznguiaIwae a3

o ¢ ) . < ] ad

AUATIEH 2-(4-hydroxy-3,5-dimethoxybenzyl) hydroquinone Wuvewdsdmhmanas  Iagwa

MIFUATIEHUAAIAINTN 3.2
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v A

M54 3.2 mansdunsgioyius lalasnd Tunlaeld dadleduiianie Tae 191gn501 s

AVLUULLUOAADA
A a v d [ = 2 J
voAIINANNUN anHucHaniasa MR, melting %
point (OC)a yield'b
2-(2,3,4-
trihydroxybenzyl) 0.32 163-167 19.12
hydroquinone

2-(2,4-dihydroxybenzyl)

hydroquinone 0.26 133-134 81.66

2-(3,4-dihydroxybenzyl)

hydroquinone 0.23 165-170 45.82

2-(3-nitrobenzyl)

hydroquinone 0.27 167-175 51.12

2-(4-hydroxy-3,5-

dimethoxybenzyl) 0.39 173-180 41.21

. . 4
hydroquinone SRR

a=aunaglumsmyanasuuial b = isolated yield
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o a 3 a Aa a ) @ J
INATITNN 3.2 auwuﬂaimmhum 5 ¥UA FAUNNYLLASATUS ulﬁjﬂTﬂ'ﬁﬁ\Hﬂﬁ'lgﬂlﬂ

U o a oy Y T 4 1 ] ) @ 4
NoU Lgazummﬂﬁaumié’fm@uuﬁa@ﬁiﬂuumuwa@ﬁu Lm"lumaﬁmmmiumammmma

a v dy I a 1 P Y [ 4
hlaTmmTuu !Wa11!llTLﬂuﬁTimlllL@NIuﬂTﬂ‘ﬁiilﬁﬂ@] CHQﬁT?JTiﬂﬁiqﬂblﬂfn ATIAUAITIEH
ayus lalasaiTun 2-(2,4-dihydroxybenzyl) hydroquinone 1% 30vazwald 1niiga uag 2-
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3.3.2 IR 1az 'H-NMR atlansuasdansies 2-(2,4-trihydroxybenzyl) hydroquinone
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3.3.3 IR a2 'H-NMR atlan3uasdansizs 2-(3,4-dihydroxybenzyl) hydroquinone

16 |

14

12 |

10
%T

4000 3500 3000 2500 2000 1500 1000 500

51 3.8 IR milanSuasduns1w 2-(3 4-dihydroxybenzyl) hydroquinone

=
&
S
4\\
_—
T
= =
S

L e e e e e e B L e e e B I
9.0 8.0 7.0 6.0 5.0 4.0 3.0
ppm (f1)

51/ 3.9 'H-NMR anlanSuensdunsgi 2-(3,4-dihydroxybenzyl) hydroquinone

24



3.3.4 IR 1az 'H-NMR a1an3ue3& a1y 2-(3-nitrobenzyl) hydroquinone
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Abstract

Hydroquinone (HQ) is an antioxidant and this study was to synthesis hydroquinone derivatives via
aldol  condensation between 1,4-cyclohexanedione and varieties of aldehydes (2.4-
dihydroxybenzaldehyde, 3,4-dihydroxybenzaldehyde, 2,3,4-trihydroxybenzaldehyde, 3,5-dimethoxy-4-
hydroxybenzaldehyde and 3-nitrobenzaldehyde) in the presence of lithium chloride as a catalyst in
pyridine solvent. The synthesized products were explored for the structure and antioxidant activity
relationship using DPPH radical scavenging assay results pointed out that all synthesized hydroquinones
exhibited high scavenging activity against DPPH radical. Then the synthesized products were explored by
using Spectrophotometric Assay method and found that the 2-(3,4-dihydroxybenzyl) hydroquinone was
exhibited the highest scavenging activity against DPPH radical with IC, 0.11 mg/ml which higher than
standard BHT and lowinox. Then the synthesized products were tested all of synthesized hydroquinones
in latex as an antidegradants. The results showed that the mixing latex with 2-(3,4-dihydroxybenzyl)
hydroquinone are swelling less than the mixing latex with Lowinox with Swelling ratio 1.00. The
endothermic or exothermic processes test rubber by using differential scanning calorimetry method found
the melting point of mixing latex with hydroquinone derivatives are higher than the melting point of

natural rubber.
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Pure gas :dry N, (99.9 % pure) ﬁ 20 psi (20 ml/min)
Sample pan : aluminium, 25 pL.

Sample size : 1-5 mg

Reference : empty aluminium pan

Reference : empty aluminium pan
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The Synthesis of Hydroquinone Derivatives from Aldehydes as Anti-oxidants In
Latex
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