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INTB>DUCTION 



INTIDWCTIOB 

This investigation was undertaken to further the 110rk of 

Wagnerl who isolated coniferyl aldehyde by the treatment of 

wood with sta.nno'lil.s chloride. .An attempt has been ma.de to 

determine whether or not coniferyl aldehyde can be obtained 

by the action of stannous chloride on two different lig,;dn 

preparations, and thu.s auwer the question as to whether 

Wagriert s coniferyl aldellyde ca.me from the lignin of the wood 

or existed free in the wood. 

l Wagrier, M. S. Thesis, V.P.I. (19~) 
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UVID OJ LITEBl.TU'ltE 



B.EVI EW OJ LI Tlil&TOil 

Chemists and botanists have known for mam.y years that wood 

will give color reactions when treated with certain orgamc bases 

and phenols and certain inoria.lliC reagents. 

Phloroglucix.ol, the so-called Wiesner reagent, 1 gi. ves wi ih 

wood in ihe presence of hydrochloric acid. a deep red.dish-violet 

coloration; resorci.D011 colors wood a deep blue iu the presence of 

hydrochloric acid, and benzidine in acetic acid colors wood a deep 

ora,n.ge. 2 wood subjected. io the Maule rea.ction3 which illvolves the 

use of potassium perma.llga.n&h, dilute hydrochloric acid, and dilute 

ammonium hydroxide gives a disUnct red coloration. 'l'his reaction, 

however, does llOt gi. ve any definite colors when applied. to those 

woods of coiuferous gymnos:pe:rms. Concentrated or fwli:ag hydrochloric 

acid colors wood green.4 

The color reactions given by wood in the presence of certain 

ix.organic reagents have been attributed to some characteristic group 

of the lignin complex, possibly iu the nature of syringyl groups. Oa 

the other hand, the color reactions given by wood with certain or~c 

reagents have been attribu.ted by many investigators to the presence 

in wood of a single aldeeyde, colliferyl aldehyde. 

l Wiesner, J., S:Uzler. Aka.d, Wiss. Wien., 77, 60 (1878) 
2 Schneider, H., z. Wiss. Mikrosk:op., 31, 98 (1914) 
3 Maule, C., l3eih-a.ge Wiss. :Bai. 4, 16b (1900) 
4 waruecke, H., Pharm. Zig., 33, 574 (1888) 

3 



Probably the first attempt at isolating the substance resp0n-

si ble for the color reactions of 1100d was ma.de by Czapek. 1 .By 

digesting 1100d ,vi th stannous chloride and then c:tra.cting the 

reaction mixture with benzene, Czapek was able to isolate a sub-

stance he called u ha.dromal" • 11 Ra.d.roma.111 was a. yellow crysta.lli:m.e 

w.bstance melting at 75 - so0 c. It had phenolic and aldehydic 

properties and gave the various lignin color reactions. Although 

Czapek was Ulla.ble to obtain enoue;b 11 hadroma.l11 to identify it, later 

investi&&tions by Hoffmeister2 and Wagner3 showed it to be coni-

f eryl aldehyde. 

Hoffmeister digested wood with sta?lllOus chloride and refluxed. 

the mixture with benzene for a.bol!l.t twenty hours and distilled off 

the benzene l!I.Ud.er a hydrogen atmosphere to prevent deeomposi tion. 

He obtained a product having a. molecular weight in agreement with 

that of eoniferyl aldehyde. Oxidation of this product yielded a 

compound which wa.s identified as va.nillin. Hoffmeister concluded 

that the product he had isolated and which {!lJ,ve va.nillin on oxida-

tion was pro l;a. bly coni:feryl aldehyde. 

With respect to Hoffmeister• s J10rk, Pauly and :reue:rstein4 have 

stated that they a.re so well acquainted with the possibilities of 

formation and properties of coniferyl aldehyde that they can assert 

with a.11 certainty that Hoffmeister did not have the lea.st trace 

of collif eryl aldehyde in his "ha.droma.111 • 

l Czapek:, F., z. Physiol. Chem., 27, 141 (1399) 
2 Hoffmeister, :Ber., 60, 2062 (1927) 
3 Wagner, M.S. Thesis, v.P.I. (194&) 
4 Pauly and Feu.e$stein, Ber., 62, 297-311 (1929) 



ia.gner1 isolated 11 ha.dromal11 by digesting 1100d with ata.Jlll0us 

chloride for five days and then extracting the reaction mixture 

w1 th benzene in a continll.Ous extraction appara.tu. Sabsequent 

treatment of the benzene extra.ct with a satia.ra.ted solution of 

sodium bi.S\llfi te yielded an add.1 tion pl'Oduct which was decomposed 

with SOdiWll carbonate in the presence of i so-propyl ether. Upon 

evaporation of the iso-propyl ether, colorless, needle-like crystals 
0 of coniferyl aldehyde were formed, melting point, 82. 5 - 83 C. 

Wagner• s reSiil.lts enabled him to conclude the following: 

l. There is only a single aldehyde in wood 
responsibile for the color reactions of 
woody tissue and that aldehyde is eord-
:feryl aldehyde. 

2. Czapek' s "ha.droma.111 is coniferyl aldehyde. 

3. Coniferyl aldehyde is prese11t in woody 
tisPe in only millU.te quantities, probably 
to the extent of 0.02 to 0.05 per cent. 

Bo definite conclu.sions can be drawn from Wagner• s results as to 

whether coniferyl aldehyde is a characteristic group of the lign:in 

complex or a millOr constituent of the wood. 

It is a well known fact that isolated lignin, with the exception 

of alkali ligidn, g::1. ves the same color reactions as wood. .A.ssuming 

in the case of the alkali lignin that the color-producing gro11.p has 

been reimved by the action of the a.lk:a.li, (that some color-prcHiucing 

1 Wagner, M.S. !l?hesis, V.P.I. (1946) 
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group is rexooved will be shown to be tru.e later in this :paper), 

one could conclude that the color reactions a.re really due to 

the lignin itself, and wt to some minor constituteat of the 

wood present in very small qunti ties. 

Podbrezmk1 has claimed that the color reactions of woody 

tissues are neither due to methylpentosans nor to other aromatic 

compounds, such as va.nillin, com.feryl alcohol, or Czapek:1 s 

"hadromal.'1 • Of a mmber of aroma.tic compo~s tested, n.genol 

gave reactions which, on the whole, most closely resembled those 

of woody tissues. On the basis that extracted lignin and oxidized 

lipin give the same color reactions, Podbreanik concluded that 

the color reactions a.re mainly due to the ligm.n iiself. 

Wiechert2 claimed that the color reactions given by pheDOls 

and amines in the case of red beech wood are not due to lignia, 

bat may be traced to some su.bsta.nce a.ccompanyi11g ligni»., pOssibly-

in the nature of com.feryl aldehyde. He has stated, however, that 

the Maule reaction is due to the lignin i taelf and depends on 

chlorination and oxidation. Wiechert, u.sing Oza.pelt' s method w1 th 

zinc chloride and hydrochloric acid for the isolation of ooniferyl 

aldehyde, obtained degradation products from wllicb. only va.nillin. 

could be definitely identified. He concluded that the color 

reactions of liguin preparations is :aot due to coniferyl alde~e. 

but to va.nillin and that lignin isolated by reagents which destroy 

l Podbreznik, Pulp Pa.per Mag. Can., 27, 299 (1929) 
2 Wiee.tiert, K., Pa.pier - Fa.br. 37, 325 (1939) 



or dissolve the vanillin and coniferyl aldehyde will lWt gtve 

the .'\LS\ll&l color reactions. 

Bra.u.ns1 claimed that the color reaction given • phloro-

glucinol and hydrochloric acid with native spnce lie;iun, isolated 

with ethyl alcohol at room temperature, is really du.e to the 

lignin and not to some su.bsta.nce accompanying lignin. :Bra'IIW.s 

and :arowrf found that spruce wood methylated with diazometbane 

DO lo:nger fJJ3.Ve this color reaction. Different lignin prepara-

tions, n.ch as Willsta.tter, Freudenberg, and ltlason lignins were 

tested with phloroglu.cinol and hydrochloric acid before awi after 

methylation with dia.zomethane. All except the lignin isolated 

according to Kla.son with 72'1, su.lfia.ric acid {!JJ,Ve the color reaction 

before the methyla.tion, but after methylation the color reaction 

failed to take place. They thu.s conclu.d.ed that the hydrox7l gl'OUp 

capable of methylation was responsible for the co1or reaction. 

Crocker3 has expressed the view that the color reactions 

given b;y lignin w.l.th the various or~c reagents do not indicate 

to an;y appreciable extent the cou:q,osition of liguin. Spectroscopic 

date indicate the strong predominance of one aldehyde in wood awi 

it is thou.~t that this aldehyde is :probably comferyl aldehyde • 

.B'iowlings4 has recently isolated oomferyl aldehyde in small 

amounts :from wood by prolonged treatment of sawdust with a saturated 

1 :Srauns, F. E., J.A. C .. S. bl, 2120 ( 19,39) 
2 ::Sra.uns and Brown, Ind. Eng. Chem. ,30, 779 (l93S) 
3 Crocker, E. C., lwi. E.ng. Chem. 13, 625 ( 1921) 
4 J:awlings, :s. s. Thesis, V .p. I., {Now in progress) 
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solution of sodium bisu.lfite. 

J'rom the fore€,'Oill8 literature review, it can be seen that, 

wi tho:ut doubt, oom.feryl aldehyde is present in wood, and it 

may probably exist in the 1'00d in the free state. Previou 

work:1also il:ldicates that coniferyl ald.elJ¥de is aot a.lone respon-

sible tor the color reactions of wood. 

l :Srauns, F. E., J.J..o.s. bl, 2120 (1939) 
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The methods for the isolation of lignin may be divided into 

the following two classes: ( 1) !!?hose that depend on the removal 

by hydrolysis of the cellulose and other components. leaving the 

lignin as an insoluble residue, and (2) those tha.t depend on the 

removal of lignin from the cellulose and the other substances 

with which it is associated. 

Class ( 1) methods make use of C'llprammonium solution, wlt\l.ric 

acid, fuming hydrochloric acid, and hydrofluoric acid. Class (2) 

methods make ,ue of su.lfi tes. alkalies, and alcohols. 

Bemova.l of the 11grdn from wood by any of the above methods, 

in any appreciable quantity, requires the use of heat and/or 

pressure, and as a consequence a lignin preparation is obtained 

which can ao longer be considered as being identical with the 

ligni n as it ex1 st s in the wood. 

However, l3ra.uns1 ~s recently isolated :trom spn.ce wood, 

by the use of ethyl alcohol, a lignin which he calls "nati vfll' 

lignin. Re def'iiaes native ligmn as "that lignin isolated in 

such a ma:i:mer that the solvent does JJOt react w1 th the lignin. 

or alter it in any watt. !l.'he ex,perimental data presented by 

:Brauns indicate that the lignin isolated from spn.ce 1100d accord-

ing to his method is 1U1changed and behaves chemically in a 

1 :Brauns, F. E., J.A.. C. s. ol,2l20 (1939) 
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manner similar to the total lignin of the wood. 

Braun• s meth0d1 for the isolation of native lignin is 

a.s follows: 

:Black spmce 1100d meal (100-15() mesh) is extracted 
first with cold water. then 1li th ether, and finally 
1li th 95% ethyl alcohol at room temperature i:ia a 
percolator 'lllltil the alcohol drains off colorless. 
file alcohol solutioll ia distilled off 'Wlder reduced 
presn.re, whereupo11 a finely divided, cream,- precipi-
tate separates 0'\1.t in ad.di tion. to a resinous material. 
T'his is washed with water and ether u.ntil the material 
becomes solid and powdery. It is filtered, dissolved 
in dioxa.ne, a.lld. precipitated by pouring the solution 

.into distilled water. The precipi ta.te is filtered 
again, dried, and redissolved in dioxa.ne to give a 
lO~ solution, and the». centrifuged and the filtered 
dioxa.ne solution dropped slowly into a.bsol:ia.te ether 
with vi&Qrous stirring. T"nis precipitation prGCeas 
is repeated until the methoxyl content remains consta.ll.t. 
The product is washed after each pu.rifioatiou,,wt th ether 
and finally with petroleum ether. f.b.e ligllin so 
obtabi.ed is a very li€P,t cream-colored powder. It :1.a 
soluble in 4% sodi'Wll hydroxide, ethyl alcohol, methyl alocijiol, 
pyridine, a.lld. dioxa.ne, and insoluble iu water, ether, benzene, 
a.Ild. petroleum ether. 

In this investigation ligoin was isolated by ho methods: (I) w.1 th 

95% ethyl alcohol according to the method of :Brau.ns, with some modifi-

cation, alld. (II) with a. 10~ solution of sodium hydroxide at 150° c. 
and two atmospheres pressure. 

Method I - 250 grams of 100 mesh white pine salUdu.st were •shed. 

with three liters of distilled water, air dried, and then washed w.lth 

ether. in a. continuous extraction apparatus until the ether washings 

were colorless. file ether-wet sawdust •s dried under vacuwn and 

1 Bra.uns, F. E., J • .A.. C. S. bl,2J20 (1939) 
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extracted in the same apparatus with 95% ethyl alcohol at 

room temperature until the alcohol, washings were colorless, 

or nearly colorless. The alcohol extracts obtained in this 

manner from four 250-gram p0rtions of sawdust were eombililed 

and distilled under diminished pressure at a temperature of 

30 - 140° o. until the lignin separated oat as a. resinous-

like material. ~• filtered material was washed with ater, 

dried, and dissoived in dio:xane a.nd r9J?recipi tated 'b7 p0ur-

ing the dio:xane solution into distilled water. The precipi-

tate was a.gain filtered, washed with distilled water, and 

allowed to dry i:a air. 

!fhe lignin was then precipitated with ether from its 

sol't!J.tion in dio:x:ane a llliUllber of times until the filtrate was 

a. very light yellow in color. J:inally, the lignin was washed 

with ether until the ether wasbint;a were colorless. !be yield 

_was approximately 0.18~ of the wei&b,t of the air-dried sa.wd.ust. 

The lignin obtained in this marmer was a light bro'Wll 

powder, soluble in 4~ sodium hydroxide, ethyl alcohol, methyl 

alcohol, pyridine, and dioxa.ne; 1:asoluble in water, ether, 

benzene, and. ligroin. Its solation in ethyl alcohol l!JJ,Ve color 

reactions with phloroglu.cinol, resorcinol, benzid.iae, and ani-

line su.lfate which were almost identical with those given 'by 

wood alld these organic reagents. It reduced Fehling• s am 
Tollen•s solutions, bat did :aot give a. red color with Shiff'• 

11 



reagent. Its solution in dioxa.ne gave a light brown color with 

ferric chloride. 

Method II - 200 grams of the white pine sawdust previou.s}T 

washed with water, ether, a:cd extracted. with etql alcohol were 

treated with 1500 ral. of a 109' solution of sodilUII hydroxide in 

a.a a.utocla.ve at 19=>0 c. and two atmospheres pressare for tbi'i'ty 

minutes. After cooling, the reaction mixture was filtered and 

the dark brow.o. filtrate was acidified with concentrated hydrochloric 

acid. J.fter standing over mgb.t the filtered lignin was washed 

with distilled water, dissolved in 10% solution hydroxide solution, 

filtered, and a&ain precipitated by acidification with concentra.ted 

hydrochloric acid. The filiered lignin was washed with distilled 

1119.ter lUltil the wash.in€;$ :DO longer {!/3,ve a clo'IA.diness with silver 

nitrate made acid with nitric acid. FiAa.lly, the precipitate •s 

washed with ether until the ether washings were colorleas. 

The lignin obtained in this manner was a brown colored powd.er, 

insoluble in the usual organic solvents. It did wt ,;Lve any color 

reactions w1 th the o rga.nic rea.et;ents to which reference ha.a alrea.d.y 

bee.n made. It is of interest to wte here that althou&b the lignin 

isola.ted in the foregoing manner did wt give any color reactions, 

th.ere was recovered from the acid filtrate, by extraction with ether, 

a red, oil-like substance which did give co1or reactions. Thia 

p,bstance can also be isola.ted when wood is treated w1 th. alkali 

a.t room tempera.tu.re. 

l2 



It is improbable that these color reactions a.re due to 

the presence of vanillin in the oil. Only traces of va.rd.llin, 1 

if a:I:1:¥' a.t a.11, call. be obtaill.ed by the action of alkali oa 

lignin or wood at high tempera.ttJ.res. 

fbis su.bsta.nce was DOt hrther investi&ated darin,; the 

course of this wolk, and it is mentioned here as a possible 

subject for fia.ture investi&ation. 

Treatment of .A.lcohol Li.pin - One gram of the native lignin 

isolated according to Method I was intimately mixed with appm:d-

ma.tel7 three grams of a. staXUJOu.s chloride paste. This ligain-

sta.nnoq chloride mixture was placed i:u a. modified ao:ichlet 

exh-e,ction flask and extracted with hot benzene. The hot 'bensene 

extract was contimously drawn off i:a.to a. flask cooled by immer-

sion in cold water. .A.fter one h-u.dred hours of extraction, the 

extra.ct was distilled to a small volume under diminished pressure 

at a temperatlil.re of ,30 - 35° o. 
Thia concentrated extract {!JJ,ve wne of the tniica.J. wood 

color reactions. Foilr holil.rs treatment of the benzene extra.ct 

with a sawra.ted solution of sodium bisu.lfite amd subsequent 

decomposition of the binlf'ite portion with sodium ca.rbo11&te in 

the presence of iso-propyl ether, yielded onlr a small amount of 

a lie,ut resimus material which ~ve :OOlle of the tY,pica.l color 

l Freudenberg, K., La.utsch, W., alld Eugler, K., .Ber., 73, 167 (19140) 
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reactions 111 th the US\il&l organic reagents. There was 110 evidence 

of any crystalline substance. 

After the purification of the native lignin, there was 

recovered from the ether-dioxa.ne filtrate ,a.pon evaporation, 

approximately ten grams of a resiJOus material which f!P,Ve color 

reactions identical with those given bf the native lignin. It 

reduced Fehling• s and Tollen1 s solutions, alld its solution in 

dioxane f!P,Ve with ferric chloride a dark red color, and with 

eerie anrnoni'Wll nitrate a black, floccu.lent precipi ta.te. It @Ve 

1lO color reactions with Shi.ff' s reagent. 

Conif eryl aldehyde is soluble in ether and alcohol 1 a.Di 
2 ligroin. Therefore, free conife.ryl aldehyde removed from. 

the wood during the extraction with ethyl alcohol and t10t lost 

during the purification of the na.U ve lignin would be in this 

ether-dio:rane filtrate. fhe assumption is ma.de here that com-

feryl aldehyde mi~t possibly be present in the wood in the free 

state. A. portion of the resinous material wa.s dissolved in benzene 

and treated with a. saturated solution of sodiwn bisulfite. Decompo-

sition of the bisulfi te portion was affected with sodiu.m carlxnlate 

in the presence of iso-propyl ether. No crystalline substance was 

obtained upon evaporation of the iso-propyl ether. 

The bisulfi te-treated benzene portion after purification (!13,ve 

l :Beilstein, Orga.nische Chemie., Vol. III, p. lOb 
2 Wagner, M. s. Thesis, V .P. I. ( 194b) 
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the usual color reactions, but they were oot a.a intense a.s those 

e,1.ven by the material before treatment with the saturated solution 

of sodium bi su.lfi te. 

To make certain that oo coni.feryl aldehyde was in the ether-

dioxa.ne filtrate, a. portion of the dried material was refl'IIU:ed 

with ligroin, in which it was insolu'ble, for ten miwtes. Upon 

evaporation of the ligroin, a small a.mount of a liB11,t colored 

resioo'\il.s material was obtain.ed which i!JJ,Ye oo color reactions. 

Three gra:ms of this same material were intimately mixed with 

approximately three grams of a stannous chloricie paste. After 

four days on a steam bath, the reaction mixture was extracted with 

bemene. :l:b.is extract also failed to give color reactions, ud 

its treatment with a saturated solution of sodiwn bisu.lfite in a 

manner analogous to the treatment of the other benzene extracts 

failed to yi.eJ.4 ar.r:, crystalline products. 

Treatment of Alkali Li,gm.n - Ten grams of the alkali ligmn 

isolated according to Method II was· mixed with ten gra:ms of a 

stannous chloride paste. A.fter being heated on a steam bath. for 

five days, the reaction mixture was extracted with benzene. The 

benzene extract was treated with a saturated solution of sodi'IIDI. 

bisulfite. Decomposition of the bisulfite portion in the presence 

of iso-propJ'.l ether and. subsequent evaporation yielded only a 

sm.a.11 amount of a resimus material which did not give any color 

reactions. 



mscussION OF .RISt1L!S 



DISCUSSION OF nsums 

Th.is investig,a.1iion was undertaken in an effort to determine 

whether or :not coniferyl aldehyde could be obtained by treating 

lignin isolated fl'Om wood with stallllOus chloride, and also to 

determine whether the coniferyl aldehyde isolated by Wagner1 

existed free in the wood or came from the action of stanuous 

chloride on the ligrdn in the wood. 

The results of this investigation indicate that coniferyl 

aldehyde cannot be obtained by the treatment of lig.oin, as 

isolated here, w1 th stanni::nu chloride in the manner desert bed. 

This work, along with that of Wa.gner1 and Ba.wlingi, wou.l.d 

seem to il:¥iica.te that the coniferyl aldehyde isolated by 'fa.gner 

in his treatment of w:>od w1 th stannous chloride, existed free in 

the wood. 

:fhe ligrdn isolated during this investigation with ethyl 

alcohol at room temperature g,a.ve color reactions almost identical 

to those of the o:rigilla.l wood. Tests ma.de indicated that this 

lignin preparation was free of aidehydes. The residue recovered 

after treatment of the alcohol lignin with stannous chloride failed 

to give a~ color reactions. This fact is in agreement with the 

statement ma.de by Wagner that his sawdust, after treatment with 

l Wa.6ner, M.S. Thesis, V.P.I. (1946) 
2 .Ba:wlings, ::e. s. Thesis, V .p.1. (Now in progress) 
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stannous chloride and subsequent extractions with benzene, failed 

to give color tests cha.racter.i.stic of woody tisSl.les. 

However, on the basis of the experimental evidence presented 

here, it ca.lll'lOt be stated with certainty that W&gner• s coniferyl 

aldehyde did exist free in the 11100d. !rile lig.nin isolated here 

with ethyl alcohol at room temperature represents approximately 

one per cent of the total lignin in the wood. The ease 111 th 

which it is removed from the wood indicates that it is loosely, 

or not at all, combined with a.ny of the other cons'tinents of 

the wood. No definite evidence has as yet been presented that 

this t;y:pe of lignin is chemically the same in every respect ·as 

the total lignin in the wood. However, this lig.nin is the lea.st 

degraded of any lignin which has thus far been isolated from wood. 

No definite concl1.1.sions can be ma.de regarding the treatment 

of the lignin isolated by the use of alkali. That it wa.s hi~ly 

degraded is shown by the fact that it f!i3.Ve no color reactions and 

v.es ill.soluble in the usu.al organic solvents. 
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CONOWSIOIS 



COllTC:WSIONS 

1. It is unlikely that wbi te :pi.ne lignin will yield 

coniferyl aldehyde when isolated a.nd treated with 

stannous ahlorlde according to the methods 

described in this investigation. 

2. It is probable tba.t W&gner• s coniferyl aldehyde 

existed free in the wood. 
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