Thin:-layer Chromatography of Oxidation & Nitration
Products of ngnm from Dendrocalamus stnctus

Rita Dhawan,

Man Mohan Smgh & S R. D. Guha

Cellulose & Paper Branch Forest Research Instltute, Dehra Dun-

Dioxane, thio and soda lignins' as  well “as:dioxane nitrolignin prepared in different media
(carbon-tetra-chloride, ether and methanol ) were subjected to alkaline nitrobenzene oxidation.
The oxidation products wete separated by thin-layer chromatography (TLC) using benzene-

ethanol (150:22) as the developing solvent and silicagel G as adsorbent.

All the lignins gave

vanillin, syringaldehyde and p-hydroxy benzaldehyde as the major oxidation products, which
indicates their close resemblance and confirms ‘that bamboo lignin is composed of guaiacyl .

syringyl and p-hydroxy: phenylpropane building umts

The higher percentage of oxidation

products from dioxane lignin conﬁrms its higher purity than thio and soda lignins. The amount
of oxidation products obtained Sfrom dtoxane mtrol:gnms was very low, showing the degradanon
of lignin on nitration. From the spent nztrattng liquor, 4,6 -—Dmttrogualacol (DNG) was obtrain-
ed indicating the substitution of mtro groups in 4 and 6 poszttons of the aromatic nucleus.

Intrdductioh_

Thin-layer = chromatography is
. an important technique . for
rapid and good separations and
is the method of choice (a) when
the time factor is crucial (b)
when separation on paper is
difficult-to achieve and (c) when
only micro amounts of subs-
tances are available. TLC is
best considered as a comple-
mentary technique to  paper
chromatography.

It was pre'sumed that degrada-
tion reactions of lignin might
throw some light on the mecha-
nism of delignification of bam-
boo with nitric acid, so, in this
paper some preliminary studies
on the oxidation and nitration
degradation products of lignin
were carried out,

Lignin being phenolic in nature
is susceptible to a wide ‘variéty
of oxidants. Ajkaline nitroben-
zene oxidation was first of all
introduced by Freudenberg.!

Many methods for -the separa-
tion - and - estimation of ' the

“following solvents

alkaline nitrobenzene oxidation
products have been reviewed by
Pepper and Sidiquellah.®

Stdn,_e and ‘Bhldiella 'Separated

~ vanillin (V), Syringaldehyde (S)

and p-hydroxybenzaldehyde (P)
found by alkaline nitrobenzene
oxidation by Paper chromato-
graphy , :

Kratll and’ Puschmann4 separat-

ed V,Sand P by TLC using
silica gel G as adsorbent and

" di-isoamyl ether (water-saturat-
1) as the

ed)-n-butanol, (3:
developing solvent.

The TLC separation of many
aromatic aldehydes including
P, V,and S has been reported
by Rffinis.

Towers and-‘Maass® have also
described the separation of
P,V,S on silica gel G.

In the present investigation, the
were tried
for the separation of oxidation

-products :-

(@) Béﬁzene-——Acetone (3:2)
(ii) Benzene—Ethanol (150:22)
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(iii) Methanol—Chloroform
3:7

Out of these benzene-ethanol
(150:22) gave the best separation
therefore, it was used for the
quantitative estimations.

Bolker & Co-workers? carried
out ‘studies on the reactions of
simple model compounds (like
guaiacol, veratrole, etc.), with
nitrous acid in order to throw
some light on the degradation
reactions of lignin.

Shorygina & Co-workers® also
carried out nitration of hydro-
chloric acid lignin from fir and
isolated 4, 6—Dinitroguaiacol
(DNG) as a by-product.

Experimental

Dioxane, thio and soda lignins
were isolated from bamboo,
Dioxane lignin was isolated by
the method of Pepper and Co-

workers?. -Thio and soda lignins
were isolated by convential
methods.

Dioxane lignin was nitrated in
carbon-tetra-chloride and ether

251



media by. the methodl of shory- s
and Co-Workers®. In.

gina

‘methanol medium, it was nitrat-’

ed by the methods of Kurschner
and Co-Workers!®.

The isolated lignins and nitro-
lignins were subjected to alkaline
nitrobenzene, oxidation.

- (i) Reaction Conditions’

The oxidation was carried out
by the method followed by
Stone and Blundell? under the
following reaction conditions :-

Reaction temperature, °C = 170
Time, hours = 2.5
Nitrébenzene, ml. =2
Sodium hydroxide, ml. - = 15
2ZN) '

(ii) Procedure

1 g. of lignin sample was weighed
accurately and placed in a 100
ml. stainless steel bomb, 15 ml,
of 2 N sodium hydroxide. and
2 ml. of nitrobenzene were added
to the bomb. The bomb was
" sealed, shaken -vigorously and
heated in an electrically operat-

ed digester for 2} hours at-

170°C.

(iii) Isolation of Reaction Pro-

ducts

After cooling, the contents of
the bombs were transferred
quantitatively to a' separating
funnel. The nitrobenzene was
removed  from the reaction
mixture by vigorously shaking it
with ether. After whole of the
nitro-benzene was removed, the
reaction mixture was acidified
with glacial acetic acid to pHs
and further extracted with ether
to remove  the lignin oxidation
products. The mixture of oxida-
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tion praducts was dissolved: in.
5 ml. of ethanol. These ethanol
. solutions . .were ‘used : for ' the

chromatographxc analysis and

o fo:- the quantnatwc estlmanons

' (]V) Separatlon and Quantltatlve
estimation of oxidation pro- -
- ducts-. of :lignin‘: (Vanillin,

. .Syringaldehyde  and - . p-
~.hydroxy = benzaldehyde) by

TLC

(a) Adsorbent.

The oxidation products of llgmn ‘
‘were separated by means of TLC
‘ usmg silica Gel"

G (E. Merck
AG. Da.rmstadt Germanya
standardized mixture of silicie

acid and gypsum), as adsorbent ,

(b) Preparatmn of Chromatm
plates. -

Smooth glass plates (20 x20%0.4
cm), were coated with a thin,

even layer of silica Gel G (0.3

mm. thick) by spreading a well
stirred mixture of 25 g. of Silica
Gel G with 50 ml. of distilled
water -using Desaga applicator
(C. Desaga G.M.B.H., Heidel-
berg, Germany). The plates were
allowed to dry at room tempera-~
ture and then,
105°C for 50 minutes.

(c¢) Development of ‘ Chromafo-
. plates '

The chromatoplates were deve-
loped by the ascending technique
by using benzene-ethanol (150:
22) as the developing solvent.

" Aliquots containing oxidation
" produgcts: were spotted on the

chromatoplates at 2 cm. from
the base line with a distance of
1.5 cm. in between. After drymg,
the chromatoplates were placed
in glass jars, covered with ground
glass plates and fitted with glass

Ippta Oct.,

For development,
“with a quantity of solvent mix-

activated . at

, racks to keep the chromatoplates

up-right.
the jars filled

ture to-wet the plates to a height
of approximately 0.5 cm; shortly
before the solvent front was

-about to reach the top, the

development was interrupted.

“The development took 40-70

minutes.

After development, the chroma-
toplates were taken out of the
jar and their front line was

".marked. After drying thoroughly,

they were suitably sprayed and

used for further investigation.

(d) Detection

The various spots were observed
under U.V. lamp and they were
further confirmed by spraying
with 2,4—dinitro-phenyl hydro-
zine and diazotized p-nitroaniline
followed by saturated solution
of sodium carbonate. The obser-
vations (colours produced by
different oxidation products and
their Ry and Ry values) are
recorded in Tables I & II.

(e) ‘Recovery from Plates

After detection, corresponding
zones of adsorbent were carefully
scraped across the complete

‘width of the plate and transfer-

red to centrifuge tubes containing
ethanol. The supernatant liquor
containing oxidation products
was decanted into further centri-
fuge tubes. Any precipitate
(Silica gel) which was formed at
this stage was centrifuged down.
The clear supernatant liquor was
evaporated to dryness. After
weighing, the amounts of the
individual aldehydes were deter-
mined quantltatlvely The results

are recorded in Tables III & IV.
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TABLEL
Ry ‘and R values of Oxidation Products of Lighfin using three

: Bésides DNG,

eieuloping Sdnnts
Vit vanilln Syiigaldenyde p-hydroxy "
* Yoo e benzaldehyde
BE: BA -MC BE .'BA MC BE BA MC
‘ Rf 073 0.76 '0.76 0.67 071 062 056 0.74 0.52
* ‘ - 10 1.0 . '1.0 0.92 094 096 077 098 0.84
xBE Benzene-Ethanol (1.50\22) e
* . BA =Benzene-Aceone (32)
' MC= Methanol-Chloroform (3:7) ° :
Ry =Distance travelled by respective ‘compounds
- Distance travelled by the solvent
' Rv == Distance travelled by reSpecttve compounds
_ Distance: travelled b,y mmllm. ST
‘iTABLE 1 SR
" Compound Under UV 2, 4 dinitrophenyl- - Diazotized
Lamp hydrazine p-nitroaniline
i S - o P followed by
‘ \ o \ " NaiCOjs
' Solution
Vanillin “ Pufple ~ ‘Deép Orange ~ Voilet
Syringaldehyde . . Purple - Deep Orange Light green
p-hydroxy ben- - Brown Deep Orange . . = 1,
~ . zaldehyde - . iy o TR ‘
‘Vanillic-acid - -Light blue - - Purple
Syringic:acid: .. . Light brown —— 1. Blue
’ / Acetoguaiacone-. . .. Light P'urplq o -Noilet
‘ - TABLE III . ,
o Yneld of Alkalme Nltrobenzene Oxldatxon Products of ol
3 \ L Isolated ngnins e
- Products ( %) S Dtoxane hgnm T hio Iigmn . Soda hgmn
Vanillin. - - 54 & L5148
Syrmea}dehyde A ¥ . 65 6.6
prhydroxy benzaldehyde 23 15 1.9
‘Total yield - 162 o 131 133
-Moplar ratio (S/V) _ 13,' SRR 75 NS 0 R
(S/V rat;o:::,syrmgaldehydc to Vamiim ratm).f_,(,,
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!

(v) Isolation of 4,6-Dinitrosu&;a
col (DNG) -

6-—Dinitroguaia'c01 '("DNG )
was isolated from the used reac-
tion media i.e. acidic carbon-
tetra-chlonde and ether media

Teft after 1soiat1ng mtrohgrﬁns

»Tjhc reaction m_e,dium was ex,—
tracted-with-ether several times
and ethereal extract was -further
extracted with NaOH.. The
combined- NaOH extract was
acidified and again extracted ~
w1th ethcr From the qtherga,l
cxtrgct ether ,was  evaporated
ang to the' dark .brown, sprupy
mass so obtamcd ethanolw as
addcd. TLC of cthanol extract
was carried out using a_ mxxturc ,
of. methanol benzene acetic
acxd petroleum ether (8:45: 3 S:
20) as the developing . solvent
and silica gel G as adsorbent?.
The dark yellow zone at R 0.47

~ was, carefully scraped from the
‘plate and extracted with metha-

nol. Whén" the methanol ‘was
evaporatcd under reducéd preé-
sure, a yellow residue of 4,6—
Dmltrogualacol (DNG) (M.Pt.
120°C) was obtained. The ylelds
are reportcd in 'I‘able V

"t‘h’e Chfomgto-
gram showed the presence of
some dlstmct spots at the follow-
ing Ry ‘

’ Ry valuc c
@) 0.33 T
i) 0.52 S

:(iii) 0.66,

@iv) 0.72

These compounds could not be _
isolated as these were ppesent in -
traces. :
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Discusdlons’ 0 C 0

() Oxidative Degradation Pro- -

duets ‘of Lignin :

The three '1solated
(dloxane, thlo and soda) were
oxldyzed with alkalie nitroben-
zene, ‘which is a mild oxidant in
order to determine the position
of various substituents in - the
bengzene ring’ of  the phehylpro-
pane units of | l:gnm buildmg
stones

:Ml* the isolated lignins’ gave
vanillin, ~sytingaldehyde and
p- hydroxy betizaldehyde @s the
major products tpon alkatine
nitrobenzere oxidatior, which s
true in ¢ase of monocotyiedOne
(ébftWGod lignins yxeld 'vanillin
and "hardwoods lignins yield
vamnm and syrmgaldehyde upon
alkaliﬂe mtrobcnz‘ene oxldatxon)

R; and Ry values of alkalme
mtrobenzene ox1datlon products
of 1solated lignins “obtained. by

using . three different developmg
solvents are recorded in Table I
As s ‘clear from these Re. and
Ry values, the solyent Benzene-
‘ethanol (150 22) gave the best
separation,  therefore, it was
selected for quanutatxve estlma-
.trdﬁs '

The quaiﬁtitati‘fve_ this-layer chro-
' matography of ether-soluble nit-

robenzene oxidation products of
isolated lignins and their com-
parison with known ' reférence
“¢ompounds indicated the. pre-
sence of vanillin, syrmgaldehyde
p-hydroxy-benzaldehyde, . acetor
guaiacone, vanillin acid and
syringic acid. Identifidation’ ‘of
the some oxidation products
from the threée hgmﬁs jadicates

the close ‘resemblance of these

lignins.
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Ilgmns :

. guaiacyl,

o TABLE IV
Ls1Yield of:Alkalihe Nittohehzerne:Oxidation Preduets.of - .

Dionsai Nitsoligates
Products (%) " Dioxane Dioxane Dioxane
e e e g mtro-hgmn nitro-lignin nitro-lignin
(Methanal . Corbon-tetra- . (Ether.
médium:; ‘Chloride -1 medium
N ‘ 3 0 A medjum - e LE
Vapillin TTa0 s 095
Syﬂngaldehyde ' ~0.98 085 070
p-hydroxybenzaldehyde ' 020 " Tfraces - Traces
Total yield 2.58 : 2.00:- 1.65
Molar ratio 0580 0,62 - 0.62
' i I EEHI
TABLE V

Yleld of 4, 6——Dm1tr0gua‘iaeol obtained by the Nitratlon of
; _ Isolated Lignins

Type of Nitrolignin

" Yield of 4, 6-Dinitro-guaiacol

v e In Ether In Col,
Dioxane. mitrolignin 0.28 0.33
Thio,nitrolignin 0.19 0.4
Methylated thio mtrohgnm Traces Traces
-Soda nitrolignin . 0.22 .. 0.25
Table Ii shows the col'.ourfbff“-thei " This suggests -that. bambo‘o
various oxidation products under  (Dendrocalamus strictus) con-
U.V. lamp and after spraying tains: more syringyl repeating

with 2; 4:dinitro-phenyl-hydra-
zine and! diazotized p-nitroani-
lline followed by =a saturated
solution of sodium carbonate

Table III mdlcates the yleld of

nitrobenZetie’ 6xidatish products - van
“important factor; higher the S|V

of isolated lignins. The Sxida-.
tion products confirm . . that
bamboo lignin is.gomposed of

roxyphenyl-propane * building
units. - Higuchit obtairiéd similar
results for other “species of
bamboo A perusal -of . Table
VI fevaals that the yields of
synngaldehyde “are

syringyl - and p-hyd-

higher as
compared to that Of vanillin. ’
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units  than guaiacyl repeating

- ynits. This is also evidenced by
“the

high methoxyl values ~of*
bamboo lignins. '

‘The ratio of syringaldehyde to

vanillin (8" ratio) 'is an

ratio, lesser is the degradation
of lignin.. As is clear from Table

V1, dioxane lignin has a some-
- what higher molar S/V ratio and

higher percentage of oxidation
products as compared to the
other two hgmns (thio and
soda). This confirms that it is
least degraded & contains more
syringyl units than soda and'thio



lignins,
ted by the

Th:sgs rﬂ\; uppors - -positiar of thearomam
act th dloxane ‘The traces of DNG obtain

leys,
d in *

‘lignin has a higher methoxyl !!case of“mcfhylatccf thlolxgnim

~value than thio and soda hgmns

A perusal of Table:IN: mdicates i
that the amount of aromatic
aldehydes obtained by the

alkaline nitrobenzéne oxidation: .

of dioxane nitrolignins. is: very-

low as compazed to the amount . .

of aldehydes obtained. by: the
oxidation of .dioxane lignin, This
is due to the degradation of
hgnm by nitration.

The greater loss in the yleld of
syringaldehyde as: compesed to
vanillin shows that the loss of

syringyl. units i§ ‘more thanﬂ

guaiacyl units on mtr,auon On
the basis of studles carried out.

by Dence!® on lignin like model

compounds, this: jsi due. to.

syringyl

guaiacyl nucleus,

nucleus being more -
reactive towards: glectrophilic -
reagents (like nitric acid) than
It is appareént -
tha¢ as syringyl ugits are more .

“tionof lignin: model ¢ompounds -

was due to the fact that the free

= dphenblie:* y’drox"ylw groubs’ i !

lignin weré-'blotked asa résult -
of methylation, Shorygina and
Co-workers® carried out nitra-

‘and réported that the: formation

: of 4,6-DNGin the mitration of

"

susoeptible to nitratign than.the : ;

guaiacyl units; on toxidation the -
loss in the yicld of syringaldehy-

de 1s more than vanlllm E
(u) thmtlon Produets of lemn.

As a b,y-p,roduct 4, 6-dinjtro-
guan;xcol (DNG) was 1solated by
- TLC frqm the carbon tetra- chlo-
nde and, ether ﬁltrates left affer
1solatmg mtrollgm,ns As s
evx ent. ﬁqm Tab ¢V, the y:eld
‘ NG vaned from 0.19-0.33

' {;ercent (% on wclght of hgnm ‘

~In the. nitration oﬁ lignin e 6-
DNGis:formed: as' a tesuit:.of
electrophilic displacement of the
side chain'«by ‘& nitto group®.
The displacement. of ‘ side-chain
occursic ‘particnmtly readily: in-
yhits ' with a.: free: : phenolic
hydroxyl' group “in :‘the - para
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‘lignift is associated; in particular

'with the ‘presenceof structural:

elements containing a benzyl
alcohol or -benzyl ether group
“together with a free phenolic

, whydroxyl in tl;e para position of

the “aromatic nucleus. This is

- further “evidenced by the stu-
“:dies carried out by Gustafsson

and Andersen. They condluded

- that DNG 1 is formed only when

the "compopnds subJected to
nitratior a’re tYpe Il’ N

Besides DNG, the chroma;o-
gram revealed :the  presence .of
some other compounds, whxch
could' not be isolated as -these
were prgsent . in - ;x‘accg.mBased
on the studies carsied out by
Bolker and Co-Workers? and
from the Ry values of unknown
compounds 'is antlclpated

. that three of the unknowns were

probably 14, .4} dimethoxy-di-
quinhydrone: (IF):(Ry==0.33)," 4~

. nitroguaiacol (iv) (Rt=0.52) and

6-nitroguaiacol (v} (Ry=0.67).

- Copclusions

@) - The: isolation of vamlhn,
syringaldehyde - and : p-hydroxy-
‘benzaldehyde by the oxidation
of all the lignins conifirms. that
bamboo lignin’ is :composed: of
guaiacyl, syrmgyl and - p-hydro-
¥yphenyl’ prooane bu:lding units.
(ii) The hxgher y:eld of ‘syrin-
galdehyde thap vanillip, ;ndg,cases
that bamboo hgnm contains
more - sytingyl . thad - guaiacyl
repeating udits:- 5 o

(iii) The . lowep amount of
.aromatic aldehydes obtained by
the oxidation of dioxane nitro-
lignin shows the degradation of
-Hgnin on nitration.

' (iv) The'giedter loss. in the yield
of syringaldehyde than vanillin

shows that the loss of syringyl

units is more than guaiacyl units
on ﬁitration

. (v) "The isolation of 4, 6-Dint-

Toguaiacol - (DNG) from the

“spent nitrating.liquor shows the

substitution of nitre group in
the 4 and 6 position of the
aromauc nucleus. :
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