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ABSTRACT 

The chemistry of humic acid is reviewed briefly, 

with particular emphasis on work vrhich has provided structural 

information. The main types of natural products which 

could contribute to humic acid and the ways in which 

these are degraded in the soil are also reviewed, 

The methylation, with silver oxide and methyl iodide, 

and subsequent chromatographic separation of humic acid 

is described, This has been used successfully as a 

basis for identifying components of humic acid in two 

ways, by isotope dilution techniques and by gas liquid 

chromatography coupled with mass spectrometry, 

In addition, some aspects of the chemistry and 

stereochemistry of thee -carboxymuconic acids are 

discussed with particular reference to their n,m,r, 

spectra, Reference was also made to the -hydroxy- 

methylmuconic acid series and the chemistry of this 

series is briefly described. 
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THE CHEMISTRY OF HUMIC ACID 

Humic acid has been defined in numerous ways during 

the century and a half in whIch it has been investigated. 

Currently it is regarded as the acidic part of soil 

orgaaic matter and is divided into four major fractions, 

Humin the fraction insoluble in alkali. 

Humic Acid the fraction soluble in alkali and 

Insoluble in acid and alcohol. 

Hymatomelanic Acid: the fraction soluble in alkali, 

insoluble in acid but soluble in alcohol. 

Fulvic Acid% the fraction soluble in alkali and acid. 

All these fractions -1-se no7 considered to lo,.? 	acids', 

differing only in molecular ,,,eight, decreasing from humin 

to fulvic acid. 

.chard.` in 1786 was tie first to report the isolation 

of humic acid. He extracted soil with alkali solutions 

and precipitated a dark brown material with acid. 

During the next century various conflictin„ ideas on 

the nature of huz,ic acid -ere put forward , ali with 

little or no cliemical fJundation, 

The popular view in the late nineteenth century 

vas that humic substances resulted fro!fl the degradation 

of plant anc9  animal matter by acid and alkali. 
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This idea rias due to a lac-x of understanding of the 

processes taking,  idac in the soil. Many claims were 

made at this time that humic acids were produced by 

the action of strong acid or alkali on carbohydrates ̀or 

phenols! This, was because of the similarity of such 

properties as colour and solubility botv:een natural and 

synthetic humic acids. 

Towards the end of the nineteenth century, work in 

biochemistry sugested that micro-organisms were 

resLonsible for the decomoositio_a of tree and other plant 

materials to brown humic-like substances. Also Bertrand' 

noticed that oxidation of tyrosine, gallic acid and 

pyrogallol with o7:idases led to hu,dc-like substances. 

This is the basis of the modern view of the origin of 

humic acid)  namely that it is formed by decomposition of 

plant products followed by synthesis; .but this view did 

hot develop until later, 

The .presetice in trees of large amounts of cellulose 

and lignin led to two theories of humic acid formation. 
1 

Marcusson observed during the decay of vo,Dd that the 

cellulose content T-as decreasing whilst the humic 

acid content was increasing, This led him to suggest 

that humic acid was formed frorq cellulose. :-Te considered 

humic acid to be polymerized peridifursne formed 

naturally from fructose f fig ;l 
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To ex -plain the aromatic properties of humic acid 

, Marcusson -.9ropoPed a trimeric condensation p 	0. roduct ). 

The second theory was that of Fischer and Schraeder")  

who sugested that huillic acid had its origin in lignin, 

This was based on the fact that oxidation of cellulose 

under pressure gave furan derivatives and no aromatic 

co_ipounds whilst under the same conditions hu:fiic acids 

and li,4nin gave aromatic carboylic acids and no. i'uran 
ii 

derivatives. Oen also fa-voured the liTnin theory,  but 

he based his ideas on the views of JKlason that lignin 

was formed from coniferaldehyde (2) and postulated a 

ligno-humic acid (3), 

Elementary analysis established the presence of 

nitrogen in humic acid in widely varying amounts, 

depending on environmental conditions. Some workers 

thought of huific acid as being-  essentially nitrogen free ,  
whilst others thou6ht that nitrogen formed a :part of the 

molecule. 

In some humic acid preparations the nitrogen is 

present in the form of protein synthesised by microbial 

activity and some twenty-two amino acids have been 

identified as hydrolysis products. Waksman suggested 

that humic acid was a ligno-protein comple3: with the 

amino acids forming Schiff's bases with carbonyl 

groups. The precise role of nitrogen in humic acid is 
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not fully understood even today. 

For a lone time humic acid was regarded as a 

discrete molecule and a number of speculative structures 
15- 

were postulated. The true complex natare of humic 

acid was demonstrated conclusively by Schreiner and 

tlqiore bwho isolated over forty organic compounds of 

definite chemical structure, hydrocarbons, organic acids, 

aldehydes, nitrogen compounds, carbohydrates, steroids 

and fats, Many other workers have isolated individual 

compounds from humic acid but these have provided little 

useful information. IRcently. however, Whitehead has 

extracted 2-hydroxyben7,oic acid (4), vanillic acid (5), 

ferulic acid (6) and 2-coumaric acid (7) from four 

different soil samples in low yield. This Suggests a 

lignin origin for at least part of humic acid. 
CO H 	CO H 4 

OH 
(4) 

Work on humic acid may be divided into three main 

fields a) functional group analysis b) synthetic 

studies and c) degradation studies. 



a) Functional group analysis  

Most possible groups have been suggested as being 

present in humic acid by different workers, for example 

carboxyls; phenolic, enolic and alcoholic hydroxyls; 

quinone s and hydroxyquinone 1-.(:)uI:ings; aldehydes and 

ketones; esters; lactones; and ethers)  but theye is 

little agreement since many different soil samples have 

been used. 

The presence of carboxyl groups, hydroxyl groups, 

and ester or lactone ::;roues has been shown by infra-red 
a o spectroscopy, The remaining groups have been estimated 

by chemical techniques. 

Further information on the distribution of the 

carboxyl groups in humic acid was provided by Wood and 

coworkers. They studied the relative changes in intensity 

of the anhydride bands in the infra-red spectra of 

three samples of humic acid which had been a) heated 

in sulpholane at 100°C., b) treated with acetic anhydride 

and c) exhaustively methylated with diazomethane, 

hydrolised and treated with acetic anhydride. They 

concluded that humic acid contained completely isolated 

carboxyl groups, odd-number groups of carboxyls (8) 

and structures which could form anhydrides of type (9), 



CO H 

C 02  

002 H 
(8) (9) 

The same workers claim to demonstrate the presence 
22 

of quinone s-  of types (10) and (11) by reaction of. humic 

acid with dia7,otised sulphanilic acid, resulting in 

addition with loss of nitrogen but not sulphur. This 

conclusion was based on a hydrogen bonded quinonoid 

carbonyl at 1600cM! and bands at 1789cd; (acetate 

ester) and 16.60cd: (quinone) bein produced on 

acetylation, 

0 

OH 

OH 0 

( 10 ) 

 

A more convincing demonstration of the presence of 

quinones is provided by electrpn spin resonance 

2 	, measurements 3  Steelink and coworkers1t  saowed two free 

radical species in humic acid, one of which disappeared 

on solution in dimethylformamide. Thersuggest the two 
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absorptions ,aay be explained by a quinhyt5rone system (12) 

and a non-interacting radical based on a resorcinol 

system (13) both in the same copolymer, 
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This technique may provide further 

of the qtinoneid nature of humic acid, 

b) .gynthetic studies,  

As stated previously, the action of strong acid 
2 S" 

or alkali on carbohydrate s or phenols gave brown 

amorphous products resembling natural humic acids in 

some properties. These were the first crude attempts 

at the synthesis of humic acids, 

Degradative studies had established the phenolic 

nature of humic acid and it was thought possible that 

tho phenols could T)olymerise in the soil to give humic 

acids, Studies were therefore carried out to try and 

establish the types of reaction undergone by phenols 

in mild. acid and alkali in the presence of oxygen, 

One of the most widely studied compounds was 

hydroauinoncN113) and compounds (14), (15), (16), (17), 

(18) and (19) have been isolated from oxidations under 

cI ON 

(13) 

valuable information 
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various alkaline and acid conditions,  This has led 

Erdtman and coworkers to suggest that synthetic cuinone 

'humic acids' are partly oxidised 1.polyhydrocuinones 

containing such elements as (20), (21) and (22). 

It is interesting to nJte that FlaiAnd his 

coworkers have isolated 3,3'-dimethoxy-diphenyl-

-diquinone-2,5,2',5' (23) and methoxy-E-benzoquinone (24)) 

from an enzymic oxidation of vanillin, The presence of 

hydroxy--benzoquinono (15) was also shown by reductive 

acetylation to the triacetate„ 

The formation of dieters and polymers of the types 

shorn above, involves coupling of radicals formed by 

one electron oxidation of the phenol. The radicals can 

exist in mesomeric forms as in the simple case of 

hydroquinone (fig. 2). 
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'F:1,3 examples of dinners Shown above involve' radical 

pairing to form C-C bonds, but since the radical may 

reside on oxygen (fi6.2),C-0 bonds could also also be formed. 

Flaig suggested that hu,nic acid may be a qu inone polymer 

involving carbon-oxygen bonds (25), 

0 

Ii 	11 	II 

0 

(25) 

This idea has received little support since it is 

known that systems of this type are unstable to alkali. 

The oxidation of 1,2 diphenols has also been 

studied in connection with the formation of hunic acid 

type polyners, Catochol has been oxidised by enzymes
,29 

to polymeric material and the hydroxy diphenyls (26a), 

(27a) and (23a), whilst guaiacol has been oxidised 
24 both with ferric chloride and with enzymes to the 

hydroxy diphenyls (26b), (27b) and (23b), These can 

all clearly undergo further oxidation and coupling to 

polymeric material. 

In the case of 1,2,3 tri-phenols, eg.  
10 

pyrogallol (29). 

similar coupling occurs, but the diphenyl product (30) 

may undergo further reaction to purpurogallin (31), 

n 
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Similarly g'allic acid may be oxidised to 

1;urpurogallin L.-carboxylic aci(L Other dimerisation 

reactions of bailie acid will be described later (D.39). 

It is,  perhaps relevant to iaention here a theory 

put forward by Finkle`"; involvinz the T)olymerisation of 

styrenes and hydroxystyrenos. These could be farmed by 

decarboxylation of cinnamic acid derivatives derived 

from lignin and other -olant products. This, it is 

suggested would give polymr3rs of type (32). 

c) Degradation studies. 

In contrast to the synthetic studies ?  which have 

been concerned with the nature of the linkages between 

aromatic moieties in humid acid, degradative studies 

have been aimed at elucidating 

aromatic Ina ie tie s themselves 

Early attempts az oxidation were 

the structures of the 

in general too 

vigorous, Oxidations with hydrogen peroxide. chlorine 

dioxide, sodium periodate and potassium permanganate 
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fre. 
have yielded ;aainly aliphatic acids, and in conseauence 

have provided little information, Recently a series of 

romatic polycarboxylic acids have been obtaine,9 in 

low yield (0.4n from pera,nganate o7idation of 

podnol B1, soil oranic matter_ This sug2;est& a polynuclear 

structure, Claims tnct potassium permananate oxidation 

followed by copper/quinoline decarboxylation produce 

snthractuinone 2-methylnaifhthalene, benzene and pyridine 

have not been c)nfimed, 
1=2,34. 

Nitric acid oxidation has also been widely applied, '4 

alirJhatic and aro,datic polycarboxylic acids 

in addition to nitrophenola, -f-art from confirdling the 

phenolic nature of the aromatic portion of humic acid 

this method has given few results, 

Milder methods of oxidation have been more productive, 
SS' 	._. Morrison o7laised humic acid. with alkaline nitrobenzene 

under pressure at 17000 and isolated syringic acid (33a), 

vanillic acid (324-a), E-!vdroxyben7oic acid (35a), and 

their corresondln'76 aldehydes (33b) (34b) and (35b) and 

the aceto.phenone derivatives (37c), (3)4c) and (35c), 

Ferulic acid_ (34d) and R-coumaric acid (75d) were 

also isolatc,d, These compounds accounted for 35% of 

the carbon in the original sample and since the sane 

compounds have been obtained by oy:idation of lignin 

under similar conditions thLs clearly shows the lignin 
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()CH'
s!, 

OH 

( 33) 
	

(34) 

a, R= -CO2H 	a, R= -0O2H 

b, R= -CHO 	b R= -CHO 

c R= -CO-CR3 	c 1  R= -CO-CH -' 
d R=-OH=CrI-00...H 

OH 

(35) 

a, R= -0027-1 

b R= -CHO 

c R= -CO-CH. 

d i  R= -C.:T=C1:-CO2H 

CHIO OCH.:  

R 

priLjn of part of the humic acid co:J.Tile7. Isovanillin 

was also detected in this oxidation and it wa suggested 

that this was produced fro 	 flavones 

or related compounds in vhich the 4'-hydro]<yl group is 

available for methylation and the 3'-hydroxyl grow, is 

rotected as a glucoside. 

Alkaline copper oxide oxidation of podzol Bk  
3t,  soil organic matter save siilar results but m-hydroxy- 

benzoic acid (35a) and 3,9-dihydroxybenzoic acid (36b) 

rere also foundt, 

(36a) R= H 

(1361:)) -11= -01-: 
H 0 	R 
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Thule compounds which could not be derived from lignin,  

must be deri7:ed from co:p.wunds containing a resorcinol 

moiety, Lg, flavanoid.s, 

lioritan7..idised peat humus with mercuric oxide in 

refluxing alkali and detected 5-carboxyvanillin (37) in 

addition to the above co pounds cf. p 19. 

 

CHO 

OH 

(37) 

 

H02,C 

Reductive degradation has also ilrovided useful 

information on the origin avid structure of humic acid, 

Catalytic reduction of humic aciPover a molybdenuA 

sulphide catalyst at high temperature and pressure 

gave propyl cyclohexane in 302 yield, This again 

demonstrates the presence of the Cv-C3  unit in humic 

acid. 

	

Burges 	 / coworkerF. reduced various samples of 

soil humic acid with excess sodium amalga,,I in alkali 

at 100°C under nitrogen. The products, identified by 

two dimensional thin layer chroJiatography, 1-ere again 

	

of two ;:fain 	lignin derived units and flavonoid 

derived units. The 1:4;nin derived co,r.Iounds obtained 
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were eyrinic acid (33a), vanillic acid (34a), 

2,-hydrozybennoic acid (35a), protocatechnic acid (36), 

guaiacylpropionic acid (39) and syrinyloro24onic acid 

(40). 

CCV1 

OH 

(38) 

con 
J  

 

OCHf °H° -; 	3  
OH 

(39) 

OH 

(40) 

Reduction of s-)ruce lignin u-nder the same conditions gaVe 

vanillic acid, E-hydroxybenzoic acid vanillyl alcohol 

(41), dihydroeuenol (42), resorcinol, :27hydroxypbenyl-

acetic acid (L.3) and R-hydroxyhenyllactic acid (44), 

°C Lit 

OH 

(43) 

CQH 
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The flavanoid derived units obtained from humic 

acid were phloroglucinol, resorcinol, methyl-

216-aihydroNytoluene and 2,4-dihydroxy-

toluene. Reduction of cyanidin (45) with sodium amalgam 

gave exactly the same compounds. The total identified 

.L,ortion represented 30-3% of the original material, 

Si 

PI 0 
—OH 

OH 

(45) 

This techaioue has also shown that ether linkages join 

some of the aromatic moi ties together. Reduction of 

fully methylated humic acid_ gave vanillic acid, (34a), 

protocatechuic acid (38) an E-hydroxyben7oic acid (35), 

although the reduction procedure does hot result in 

demethylation. The aromatic wits must therefore be 

linked in part through the o:-ygen functions. 

Hydrolysis of humic acid under a variety of conditions 

has produce,f, some valuable informativa. Fusion with 

potassium hydroxide and hydrolysis with alkaline 
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solutions at high temperature have produced catechol, 

resorcinol, m- and p-hydroxybenzoic acids, vanillic 

acid (34a), 2,4-) 3,4- and 31 5-dihydroxybenzoic acids 

and 5-carboxyvanillic acid (46), Syringaldehyde (33b), 

Haz 

OH 

(46) 

vanillin (34b), 2-hydroxyberizaldehyde and 5-carboxy-

vanillin (37) have also been detected, 

Kany other techniques of degradation have been 

applied, but tIley have provided no further inforation, 

At present therefore the structure of humic acid is 

only superficially understood, It appears to be a 

complicated mixture of phenolic compounds derived 

mainly from plant sources, The exact fate of these 

plant phenolics after they enter the soil is not 

completely understood, but there is evidence that 

microbial degradation and synthesis coupled with enzymic 

Oxidation to polymeric material does take place in the 

soil using plant products as substrates , It will 

therefore be helpful to give a brief reve iw of the 
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structures and origins of the more abundant plant 

phenolics; lignin:  li8nans, flavanoids and tannins. 

1, The elucidation of the structure of coniferin (47a) 
La. as the Lluco side of coniftryl alcohol led Klaeon to 

suggest that lignin had its origin in this substance, 

It was much later however, that Eratrim:La proposed 

liL,nin to be a dehydrogehation polymer of guaiacyl-

propane derivatives with an oxidised side-chain. This 

theory has now been confirmed. 
1.3 

Freudenbers and coworkers have studied the enzymic 

oxidation of coniferyl alcohol to polymeric material and 

have used this as a model for lignification. The 

validity of this model is supported by a direct 

relationship between 1,henoloxidase activity and ligain 

1. 7%oduction in treeS"and corresponding results produced 

from radioactive tracer and degradation studies with 
5b natural and 'synthetic' lignin4:. 

Ooniferyl alcohol (47h) is oxidised both in vivo  

and in vitro to the mesoineric radical (48) )  (49), (50), 

and (51))  which then dimerises 	Pairin (48) with (51) 

results in the foration of a quinone methide (52) which 

is then stabilised by intermolecular addition of water 

or other hydro;:ylic bodies to i;ive, for example, 
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rtualacyllycerei÷ceniferyl ether (53), and (54) and (55), 

Pairing of (49) and (51), followed by intramolecular 

addition, results in dehydrodiconiferyl alcohol (56). 

An alternative reaction is symmetrical dimerisation; 

thus (49) would give the diphenyl derivative (57). 

Products of the dimerisation of radical (51) are described 

more fully under lignans but pilloresinol (53) is a 

common exa:Iple, These products are clearly available 

for further oxidation and polymerisatioA, and in fact 

dipinoresinol (59) has been isolated along with the 

above compounds from an enyiaic oxidation of coniferyl 

alcohol. 
0 HaOH 
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Recently, feeding,  of L Cl-P-coniferyl alcohol to 

spruce s= slings resulted in radioactive libnin which 

degraded to active veratric acid (60) and d.ehydro-

diveratric acid (61) with the activity located in the 

carboxyl groups. This sho' s that coupling the radical 

as in ( 50) and ( 51) takes place, and in fact 

1 ,2-bis-(4-hydroxy-3 5-dime thoxy-i•henyl ) propane-1 .3diol 

(62) has been isolated together 7.-,ith a little of the 

gualacyl derivative . Coupling of the radical in the 

same sense has 

CH OH z 

H 

it 

CH 0 
3 

OC.;-1 
OH 

(62) 
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'also been used to explain the formation of m-hemiDinic 

acid as a degradatiJa Droduct of lignin, This would 

involve a dienone-phenol rearrangeMent i  

Besides being for:ed from coniferyl alcohol, it 

apl;earc that linin is also derived from -o-hydroxy-

cinnamyl (63) and synal,y1 (6L.) type cornrounds, which 
431, 

undergo analagous radical coupling reactions. Although 

the guaiacyl cola pounds. predominate, mixed derivatives 

can clearly be formed and tie di;)henyl derivative (65) 

has been isolated as a deradation product of natural 

lignin 

00 H 
t 

001i 3  
0 0 H. 3 
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A 1arEe number of compounds have been identified 

from the degradation of natural lignin by methylation, 

hydrolysis, remethylation and ox.idation, These have 

given information of the types of structures occurring 

both in lignin and possibly in humic acid. The acids 

(66a--- 66e), (67a 	and (68a —4681)) Were 

isolated along with dehydrodianisic acid (69a) and 

dehydrodiveratric acid (69b) and (65). 

R 	 R 
i 

r

Re   R't .,,.:; ,„R,  

R t"--''..‹..',-.."'''OCH Rlig "),'''' RII 	 i 	?.. 
OCH 	 00H 3  

66a. Ri ,R",R7".= H R= COaH 	67a, R RI ,R"IR"l = H 

66b, R,R',Rn1 = H R"= COaH 	67b R')R",R t:'= H R= COZH 

66c, R",R11  = H R,R'=002H 	67c, R,R t ,R11 = H 	R= COzH 

66d. R I ,R"t = H R,R"= COi- 	67d, R",R"t = H R,E0= COaH 

66e, R'= H R,R",R'"= COaH 	67e. R' ,R"= H Ro R"=. CO2.H 

67f, R' ,R"= HR,Rt,t= COZ 

68a, R= H 	 69a, R= H 

68b, R= CO 2 H 	 69b, R= OCH3  
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The major role of phenyl L?rooane units in the 

biogenesis of lignin, lignans and flavanoids makes it 

worthwhile here to examine briefly the bioL;enesis of 

such units . Considerable work usinj; radioactive tracer 

techniques har been carried out ana present evidence 

'suggests that the shikimic acid - prephenic acid 

pathway is operative resulting in the formation of 
46;44? 

phenylpyruvic acid, This is then converted to cinnamic 

acid which is subsequently oxyenated in -positions 4/37 

and 5, phis is not the only route which seems to apply, 
50 

however, since Schubert and Nord report that R-hydroxy- 

:chenylpyravic acid is a precursor in Grainae 

species (fi.3.). 

51,52. L i:!nans 

Another grout', of widespread natural products also 

formed from phenylpropane Units are the lignans 

These result from the phenolic oxidation of phenyl-

propene derivatives and dimerisation thro17.gh the 

?carbon atom of the side chain of the resultant radical 

cf. (51) p.2(, They therefore have a py-dibenzylbutane 

s.Keleton and six types of this are known, namely 

(70) 	(75) . Type (75), coatainin pinoresinol (58), 

is the most common. 
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Variations on these basic skeletons result from 

different oxidation states of the side chain, 

conidendrin (76), and different oxygenation patterns 

on the phenyl moieties. Catechyl 1  guaiacyl veratryl,  

methylenedioxyphenyl and syrinzsyl groups have been 

identified so far. The majority of liEnans have the 

same oxygenation pattern on both phenyl residues, 

however, lignans Navin. different groups are known 

24.1  isotaxiresinol (77). 

J Ho 

(77) 

Degradation of lianans would result in mainly 

Cb-C1  units, however lignans with skeletons of type (71) 

would result in phthalic acid derivatives, 



(78) 
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f;3S-4 
Flavanoids, ,  

Flavanoid compounds are found in the majority of 

higher plants and are characterised by a C6-Cs-O6  

skeleton (78), Ring A is biogonetically derived from 

three acetate unite and carries the characteristic 

alternate oxygenation pattern; whereas ring B and 

C2, C3, C4, of the i:yran ring are derived from a 

phenylpropane unit. 

The different classes of flavanoid compounds are 

related by different oxidation states of the pyran ring, 

but the various types need not be considered in detail 

here as the oxidation state of the pyran ring does not 

affect essentially the degradation products expected 

in the soil. 

Ring A normally carries oxygen functions on 05 

and C7 in addition to the pyran oxygen, however a 

parallel series of flavanoids are known with the C5 

oxygen function absent, cf, quereetin (79a) and fisetim 

(80), although their occurrence is more restricted, 
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The C7 hydroxyl group also occurs commonly as the methy1 

ether, e,g,  rhamnetin (79b), whilst methylRtion of the 

C5 hydroxyl group is only 'mown in one case The 

obvious simple deradation productE of ring A would be 

phlorolucinol carboxylic acid (81) and f• -re

acid (82), 

OH 

4r \ 

I 	I I 	I 

t 	tl 
OH o 
(79a) R = H 

(79h) R = CHA  

(80) 

CO,H 
0 	OH 

C 0 H 
H 

OH OH 

(81) 	 (82) 

OH 
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Ring B occurs as a R-hydroxyphenyl, catechyl, or 

galloyl unit or their derivatives methylated on the 31  

and 5' hydroxyls, The L hydroxyl is normally 

unmethylated but examples of methylation at this 

Position and of 3',4'-methylenedioxy groups are knorn, 

although only rarely, 

Hydroxylation, methoxylation and alkylation occurs 

at other positions but again these processes are rare. 

5T Tannins. 

The taanins are the next most abundant phenolic 

polymers after lignin. They may be divided into tro 

groups (a) condensed tannins and (b) hydrolyable 

tannins. 

(a) Condensed tanninsF 

The condensed tannine are related to the flavanoid 

group of compounds in that they appear to be formed by 

oxidative polymerisation of flavan-3-ols (catechins) 

(83) or flavan-3,4-diols (leucoanthocyanidins) (84), 

(83) 



-35- 

It ha,  been shown ti.at both catechins and leuco-

anthocyanidins will polymerise under the influence of 

acid, water and enzymes to farm non-hydroly sable tannins, 

r,rovided either positions 6 or 8 or both are free. 

The dimerisation of ctechins in acid appears to 

involve the 2 position since the dimers (85) and (36) 
ls.A1 have been isolated from an acid catalysed polymerisation. 

In the leucoanthocyanidiiis the 4-hydroyl group is 

benylic an.", as such is very reactive, it has been 

suggested that this is involved in a condeasaLlon with 

position 6 or 8 of a second molecule, This would give 

a 1:roduct of type (87a) and indeed the proanthocyanidin 
51 

has been isolated from cola nuts of Cola Accuminata,  

An alternative type of linkage between flavanoid 

units is via an oxygen bridge and it has been suggested 

that in flavan-7,,4-diol polymers the 4-hydroxyl group 

is involved in ether linkages with positions 6 or 8 of 

a second molecule, This has not been confirmed although 

natural biflavonyls (38) containing an ether linkage 
C7. have been isolated 

(110 Hathway has stuaied the auto,idation of (+)-catechin 

and he suggests a quinone type of polymerisation, forming 

head to tail polymers (89), Degradation of the polymer 

gave m-hemipinic acid (90), Lvidence for head to tail 

linkages in nature is given by the biflavonyl 

gink.getin (91). 

(87b) 
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Enzy.lic oxidation of (+)-gallocatechin gives tail to 

tail polymers of type (92). It is interestinL to note 
6i 

that the dieter (93) has been isolated. 
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It can be seen from examination of the above 

F,tructures that a wide variety of colipOunds would be 

produced on degradation of condensed tannins, 

b) Hydr3lysable tannins, ' 

The hydrolysable tannins are esters of gallic acid, 

or acids derived from gallic acid, and a central glucose 

residue or similar polyhydroxy compound, These tannins 

are further classified as gallotannins or ellagitannins, 

vhiCh produce gallic or ellagic acids respectively on 

hydrolysis, 

Marly work on the hydrolisable tannins produced 

rn-digallic acid (94), ellagic acid (95) and chebulic acid 

(96), in addition to gallic acid. 

( 94) 
	

(95) 

0 
I I 
0 

l'COH 

6H-- CH.ip 02H 

COI 	(96) 



-40- 

Both (95) and (96) '3:re formed from the hexahydroxy-

diphenic acid (97) which results from phenolic oxidation 

coupling of two gallic acid molecules. 

Subsequent work has resulted in the isolation of 

molecules in which these acids are linked to the central 

glucose residue. Thus Chinese and cuinach tannins were 

shown to be nonagalloyl glucoses, with a central i.:enta-

galloyl glucose molecule (93) and four other gallic acid 

molecules distributed randomly as esters forming 

m-digallic acid (94) molecules. 
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Corilagin (99) containing hexahydroxydiphenic acid 

(97) has been isolated from a number of sources, along 

with chebUlagic acid (100) which contains a chebulic 

acid (96) residue. This is also contained in chebulinic 

acid (101). 

Other interesting compounds shown to be present in 

tannin ertracts are valoneaic acid (102), dehydrodigallic 

acid (103), and brevifolin carboxylic acid (104). 

Having given a necessarily brief review of the more 

abundant plant phenolics it is perhaps relevant here to 

examine the ways in which they may be degraded by soil 

micro-organisms. 

Degradation of  phenolic compounds by micro-organisms.  

Micro-organisms attack phenolic compounds in three 

main ways, a) by metabolism of the side chain, b), by 

oxygenation of the aromatic ring or demethylation of 

phenolic methyl ethers/  and c) by ring cleavage 

Ishikawa, Schubert and Nord studied the metabolism 

of pine and spruce lignins by the white rot fungi 

Polamas versicolor and Fomes fomentarius. Vanillic 

acid (109), ferulic acid((106), 4-hydroxy-3-methoxy-

phenylpyruvic acid (107a), vanillin (103), dehydro-

divanillin (111), coniferaldehyde (105), guaiacyl-

glycerol (113) and Luaiacylglycerol-(3-coniferyl ether 
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(112) were all isolated. 

The metabolism of these compounds by the two fungi 
t. was then studied further and the sequences summarised in 

fig ,4 were thoroughly established. It can be seen that 

the fungi are capable of degrading liesnin by ether 

cleavage to its constituent phenylproI)ane units and can 

then degrade these further to Cb-C i  units, .It is 

interesting to note that both oxidation and reduction of 

the side chain can occur. This is illustrated by the 

interconversions of coniferaldehyde (105) and ferulic 

acid (106), and of vanillyl alcohol (110), vanillin (108) 

and vanillic acid (109). Similar interconversions to 

those shown in fig .4 were observed for the 2-hydroxy-

phenyl series, 
by- 

Ishikawa and coworkers also studied the 3,4-

dimethoxyphenY1 (veratryl) series and found that the 

fungi demethylated the 4 position and then metabolised 

the phenols as in the guaiacyl series, fig.4, 

Polystictus versicolor however is reported to be capable 

of metabolising guaiacyl compounds but not veratryl 

compounds. This fungus does synthesise veratryl 

compounds from p7hydroxybenzoic acid, protocatechuic acid 

(115), vanillin (108) and vanillyl alcohol (110). 

Besides lignin the metabolism of other plant phenolics 

by micro-organisms has been studied. The lignan 



d-conidendrin (115) was totally metabolised by a species 

of Pseudomonas, and vanillic acid, j-hydroxybenzoic 

acid protocatechuic acid and i3-ketoadipic acid have 

been identified s metabolic products. The flavanoid 
ty7 

rutin (116) vas metabolised by Pullaria fermentans to 

give phloroglucinol carboxylic acid (117) and proto- 

catechuic acid (118). 
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The further metabolism of aromatic compounds 

depends on the production of an o-di-whenol group prior 

to ring fision4 This is normally accomplished by direct 

oxidation, demethylation or oxidative decarboxylation, 

Catechol (120) and protocatechuic acid (113) appear 'Lc) 

be the immediate precursors of rind fission. Thus 

phenol, salicylic acid (119) and benzoic acid are all 

converted to catechol which is then cleaved to p-keto-

adipic acid (121). The cleavage goes via cis-cis-

-muconic acid (122) and the lactone (123). 
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Vanillin (108) and ferulic acid
If 

 (106) are converted 

into protocatechaic acid (124) vihich is cleaved .to cis-

-cis+carboxym4conic acid (125), The path of further 

metabolism of p-carboxymuconic acid seems to depend on 
72 

the micro-organism. Gross and coworkers report that in 

Neurospora crassa it is converted to the lactone (126), 

but not the dilactone (127), and then to ?-ketoadipic 
73 

acid. Ribbons and Evans report the conversion to go 

via the dilactone (127) and the did]. (128) in 

Pseudomonas. The chemistry of P-carboxymuconic acid is 

described more fully later. 

(124) 

H 
HO 

(128) 

f-ketoadipic acid 



70 
An alternative f,ethod of cleavage of protocatechuic 

acid is shown in fig,5, where the final products of 

metabolism are pyruvic acid (129) and malic acid (130), 
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pisousEioN 

Schnitzer reported the partial separation of podzol 

humic acid by methylation with silver oxide and methyl 

iodide followed by chromatography on alumina. The object 

of this research project was twofold, to confirm and 

level p the methylation and separation techniques used 

by Schnitzer and to use these technioues to elucidate 

the structures of some of the components of humic adid. 

Interest in humic acid stems from its ability to 

complex with metal ions which gives it an imi)ortant role 

in soil geochemistry. This property is particularly 

important in the formation of a podzal, Here, orgenic 

matter accumulated at the soil surface is decomposed by 

atmospheric oeidation or by the action of micro-organisms 

and then is washed downwards through the soil by rain 

water' The organic matter complexes with polyvalent 

cations such as .1'4 and A.1.3* as it moves downwards 

through the soil and so mobilizes the metals. As .the 

organic matter becomes more and more comole-Aed j  it 

becomes insoluble and is deposited as a band of ore;anic 

matter below the surface of the soil. This kind of soil 

structure is knoen as a podzol'andthe layer of organic 

matter beiow the surface as the Bk  Aorizon. 

Fod7o1 soils are usually poor in organic matter and 
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tend to be acidic, but it is thought that the processes 

taking place in their formation may be related in some 

respects to fertility in other soils, Our interest in 

podzol B soil organic Ratter resulted from its low 

molecular weight T-hick made it suitable for the 

invectigation of the structure of humic acid. 

The 'Rubicon' soil organic matter used in the 

major uart of this research originated in Canada and 

was extracted fro tie BOorizon of a i)odzol developed 

on sandy loam under bath coniferous and deciduous 

vegetation. The extraction was generously performed by 

Dr, M, Schnitzer in Canada, 

The soil (2kg,) was extracted under nitrogen v;ith 

0,5N sodium hydroxide solution (201itres) at room 

temperature for 2L. hours. After centrifugation, still 

under nitrogen the extract was passed over Amberlite 

I.R -120 exchange resin in the Y` form and dried under 

vacuum at room temperature The extract represented 

some 90?: of the organic matter present in the original 

soil sample, 

The extract was soluble in both alkali and acid 

and is therefore classified as fulvic acid (p,1 ), It 

contained 8,2 ash and analysed on an ash free basis as 

0=48,Z,Z=4,065, 045,7: (by difference), N=0,69;:, s=1-2g. 
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In such an investigation as this, where it was 

hoped to separate and identify very small cuantities of 

compounds, it was obviously essential to remove the 

possibility of introducing artefacts . Consequently all 

solvents used in the extraction, methylation and separation 

of Rubicon humic acid were redistilled before use. A 

typical methylation procedure is described here in order 

to illustrate the technique on which this research was 

based, 

The Rubicon soil organic matter (12g) was first 

extracted with .,ethanol (900m1,) by shaking at room 

temperature for 6hours. 91% of the total organic matter 

was soluble in methanol and this contained 2.6% ash and 

analysed on an ash free basis as 0=47-7;7:, H=5.05;, 

0=45.95, N=0 795, S=0.565 . The methan61 extract was 

filtered and diluted with acetone (300m1.). silver oxide 

(48g ) and methyl iodide (120m1 ) were .added and the 

mixture was shaken at room temperature for 48 hours, 

The precipitated silver iodide was filtered off and the 

filtrate evaporated al,Aost to dryness at room temperature 

under reduced pressure , The product was extracted with 

benzene (1200m1,) by shakiJIg overnight at room temperature, 

The benzene extract was then washed with sodium bicarbonate 

solution to remove unmethylated acids. These acids were 

then remethylated by the above procedure along with the 
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material insoluble in benzene but using only half the 

quantity of silver oxide. After three methylations 

(6,25g.) (57) was soluble in ben7ene. 

The benzene soluble material was chromatographed. 

on 	rade 

Frn, 
No. 

3 alumina and gave the following 

Solvent Volume 
litres 

results! 

Yield 

i

mg, 

Benzene 1 39 	0,6 
2 Benzene/ethyl acetate 7,11 2 437 	7,0 3 Ethyl acetate 1 190 	3.1 
4 Ethyl acetate/methanol 911 2 571 	9.2 
5 Methanol 	2 176 	2,3 

22,7 

Further methylation did not increase the yield of 

fractions 1 and 2, the low molecular weiZat fractions. 

Each fraction was now examined separately, but owing 

to the very small quantity of material eluted in fraction 

1 this was treated specially and the procedure used will 

be discussed later. 

An attempt was first made to separate fraction 2 by 

gradient elution chromatography in the way that the similar 

fraction obtained from 'Armadale 7  humic acid was separated 

by Schnitzer This was unsuccessful however, but a 

crude fractionation was obtained by sublimation under 

high vacuum, Sublimation in the range 60°-100°C gave 

two fractions Si  and S 



The more volatile fraction 5, was a colourless oil;  

whilst St  was a pale yellow oil containing a small 

quantity of crystalline material. It was unfortunately 

not possible to isolate these crystals. 

Sublimation in the range 1000-18000 save a fraction 

53  as a yellow tar. The material involatile under these 

conditions was called 54  and was also a yellow tar, It 

will be convenient here to summarise the basic physical 

data, obtained for all the fracUons, in tables 1 and 2, 

TABLE 1  

Fraction No Nol 	Wt 
C/0 

Analysis 
M 	03 -OCH,J: 

2 	5, 216,8 59,57 7 42 33.62 - 
S,, 265 9 
5, 
S s, 

454,0 
724.9 

58.26 
60.59 

5.77 
3.92.  

33.71 
33,13 

32.04 
29,32 

3 636.0 55.07 5.73 37 62 22 54 
911 8 56.63 5.55 37.2'A 26 11 
950.4 56,53 5 57 56,98 26.68 

TABL: 	2 

Amwmit4  F.. Pm. No. X 	IT? 
rwAy. 

 a. Arowe,Mkt 

2 	S %  215 5,400 2144 2,960 294 498 
215 9,350 214 3,670 286 586 

8 7. 
S 

211 	17,150 
220 	34,230 

244 
.211/!  

11,950 
28,520 298 298 

200 
9396 

3 220 	'21,050 244 17,580 298 6728 
4 220 	1 29,310 244 23,200 238 7326 
5 220 	27,520 94a 	21,260 293 7191 

1 
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The ultraviolet spectra provided very little 

information, apart from indicating that fractions 'S, and 

Sa  were mainly compounds containing only one aromatic 

ring 

The infrared spectra of all the fractions wore very 

similar having 	3500cm.: 	1730crd! 	1600cm 

114.30cM' 	1230cili-! 	This clearly shows them to be 

aromatic esters containing free hydroxyl groups which 

may be aliphatic or phenolic :ill nature. 

The n.m,r spectra of the fractions were also very 

similar, the most remarkable feature being' the absence 

of bands due to aromatic hydrogens in the spectra of 

fractions 3 Li. and 5, This is tiresumably due to a very 

high degree of substitution on the aromatic rings and to 

the large number of compounds present in the fraction, 

This would result in a very weak widely spread signal 

below the sensitivity of the spectrometer. 

A very weak broad signal, due to aromatic protons, 

could be detected in the spectra of fractions 1 and 2, 

The dlost prominent feature of all the n.rn,r. spectra 

was the signal due to methoxyl groups. This was divided 

into tft broad bands occurring between 5.9-r and 6,21' 

and between 6,2-i and 6.5.T. itese bands were common to 

all fractions .althou„;h their relative intensities 

changed .she only other bands present in the spectra of 
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all the fractions were,a weaR band at 6,5y to 7,3-z' and 

a broad band due to aliphatic protons at 8.6'r• to 

It seemed interesting to us that the methoxyl region 

in the n.m.r. spectra should appear as two bands in all 

the fractions, and it seemed possible that this might 

represent two distinct types of methoxyl group, 70 

therefore synthesised a number of fully methylated 

aromatic carboxylic acids and phenolic carboxylic acids 

(131) to (153), with a view to gaining some information 

about different types of methoxyl group. The n,mcr. 

spectra are recorded in table 3. 
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TABLE-  3 

Cpd. 	i 
No. 

Methoxyl 	values 
-0O2.0.11 	1 	-OCH 

Aromatic Tvalues 

— 
131 6,19 I,;.ultiplet 2.47 

132* 6.07 Singlet 	1.90 

133 6 03 I Sin,aet 	1.52 

1 	134 6:*11 
6:13 
6,15 

AB 411artet 

	

a=2.85 	Jai, 	=8c/s, 
b=2,39 

	

c=1,72 	4c=1.5c/s, 
Doublet 

135* 6,06 Singlet 	'1,93 

136 6 17 

137 6,22 a=1,37 
b=2,35 Multiplet 

138, 6,26 Singlet 3,24 

139 ' 6,10 Eultiplet 2.60 

-140 a=6,71 
b=5 47 Singlet 2,77 

141 6,17 6.17 a=2.10 b=3,19 
04 =9c/s 	AB Cuartet 

142 

1_, 

6.17 6,17 a=2 49 	b=3.27 
46=8c/s. 	AB Quartet 
e=2,59 	Doublet 
JcLc =1 5e/s. 

143',' 

_. 

6 15 6 21 

	

a=3,45 	Triplet 

	

b=2.90 	Doublet 
Jab=2.2c/s, 

i WI h _17 -n-cm_-n- n=2_'V7 	b-....7_18 
3.28 	jw,=8,5o/s, AB Quartet} 

c=2,55 Doublet 
J 	=1 5c/ s , 
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TABLE 3, (00ritinued) 

Cpd, 
No, 

Methoxyl 
-CO,,CH, 

values 
-OCH- 4 

ArolNatic and vinyl. 
-1- 	values 

145 c=6.13 a=6,10 
b=6.19 

Singlet 	2.79. 

146 6.24 6,24 Singlet 	4.01 

147 6.12 6.13 bins,let 2,97 

148 6,12 
6.08 

6.08 

	

a=2.38 	Doublet J,,v,=2c/s 

	

b=2.11 	Doublet 

149 6,27 6,19 

	

a=3,8 	b=2,43 	ci,j.?  =16C/S, 
AB cZaartet 

	

c=2,57 	d=3.17 	Ji14.=9c/s 
AB quartet 

150 6,29 6 19 az3,83 b=2.5 	J. =16.3c/s, 
AB (1.1.artet 

c=7.00 d=3,28 	J:,,,i  =9c/s, 
AB quartet 

e=3.05 	J4=2c/s. 

151 6.38 d=6.23 
6 27 

a=3,8 b=2.5 	04? =16.3c/s, 
A3 Qivartet 

0=3,33 	Singlet 

152 6,12 6.19 a=1.92 	b=3.02 	Jib  =8.5o/s. 
AB 'Iuartet 

c=2,07 Doublet 	Jac =2c/s 

153'x' 6,04 6 28 
6.10 

a=2 4 Doublet 	J„,..,=2c/s, 
b=2„34 Doublet 

The spectra :barked * ture run iii CDC1 , the remainder 

were run in C01 . 
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The phenolic methoxyl groups and carbomethoxyl 

groups appear over approximately the same range of 

"'(values (6,03 •to 6,30y) and clearly it is not possible 

to distinguish between these two types of methoxyl groups 

purely on the basis of ""r values. 

The aromatic protons appear in the range 1,90•-yr to 

4,01-1 which is over 2Y values compared with the 0,3Y 

range of the methoxyl groups. This explains why the 

aromatic band in the humic acid spectra is broad, 

It would be informative to obtain some measure of 

the relative number of phenolic methoxyl, groups to 

carbomethoxyl groups . This was obviously best 

accomplished by examining the n.m.r, spectra of each 

methylated fraction before and after hydrolysis. This 

procedure was particularly attractive since it might 

reasonably be hoped that the methoxyl region would be 

simplified and some fine structure would become visible. 

The hydrolyses were performed by heating methylated. 

hu.-qic acid (fractions 3,4 and 5) under nitrogen with 

0,3N sodium by 	The sodium ions were removed 

over Amberlite IR 120 resin (.14.Dform) and the solution was 

then freeze dried. The n,m,r, spectra of all three 

fractions after hydrolysis showed only a very weak 

broad band due to methoxyl groups 5.9-r to 6.81-. This 

showed that the majority of the methoxyl content 
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resulted from carbomethoxyl groups, Analyses of these 

hydrolised fractions indicated that more than 13%ash 

remained in the humic acid even after repeated treatment 

with Amberlite IR 120 resin. It was not possible, 

in consequence, to obtain a meaningful Zeisel methoxyl 

value, These investigations wc.'rc• not permed further 

therefore, 

The rather classical approach adopted so far had 

shown that the benz,:me and benzene/ethyl acetate eluted 

.fractions were the best to investigate further because of 

their low molecular weight, Otherwise this approach had 

provided very little useful information. 

It was decided to investigate fraction 2 (benzene/ 

ethyl acetate) first, as this was larger than fraction 1 

(benzene). Thin layer chromatography of fraction 2 on 

alumina using benzene and ben7cne/ethyl acetate as 

eluants gave only a broad trailing band, This suggested 

that further chromatography on alumina would be 

unsuccessful. 

We next turned to gas liquid chromatography. 

Ceparation of fraction 2, S, and Sz  subliming in the 

range 60°C to 10000 was carried out on an analytical 

scale on a 3ft. polyethyleneglycol adipate column at 

175°C; Some 30 compounds were shown to be 1:Tesent, 

having retention times of from 13 minutes to 680minutes 
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Peak No. Rtn. time 
fains, 

TABLE 

I ,  • 

4 

Peak No. Rtn, time 
mins, 

%* 

1 13 0,05 16 111 0,25 
2 18,5 0,80 17 123,5 1,35 
3 23 0.90 18 133 0,35 
4 29 6.30 19 157.5 1,1 
5 38 2.9 20 173 0.7 
6 42 2,5 21 202 11.0 
7 46,5 6.5 22 220 0,9 
8 51 0.3 23 232 0,7 
9 56 0,25 24 269 5,0 
10 65 1,2 25 302 0.35 
11 73 0,55 26 350 3,6 
12 78 3,6 27 406,5 2,5 
13 85 0,25 28 495 4,3 
14 91 0,7 29 571 12,5 
15 102 0.2 30 680 1,8 

The percentage yield of each compound was derived from 

the peak area, 

Compounr9 

TA.BLE 	5 

7n 	Petentinli time mins, 

141 20 
139 27.5 
144 34,0 
132 34,5 
131 37,5 
143 55 5 
142 72 
135 96 
145 112 
148 266 
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A number of model esters were also run under the same 

conditions and gave the retention times shown in table 5, 

Comparison of the retention times allows a Aumber of 

tentative suggestions to be made of the origin of some 

of the peaks, Thus peak 3 could be methyl anisato (141), 

peak 12 methyl vcratrate (1L2) and peak 17 methyl 304/50-

-trimethoxybenzoate (145), Any asFlignments like this 

are purely speculative however when dcalin with a 

complicated mixture like humic acid, This analytical 

,separation did demonstrate that gas liquid chromatography 

could be used to give a good separation of the fraction 

2 sublimates, 

An attempt was made at a preparative scale 

separation by gas liquid chroinatography. Unfortunately 

at the time of this research the only column available 

to us was a 20ft, silicone gum rubber, SE30 column. This 

gave good resolution of low molecular weight aromatic 

esters but poor resolution of high molecular weight 

compounds, Only very broad indistinct fractions could be 

obtained from the benzene/ethyl acetate fraction, These 

were collected and masE sectra were taken on some of the 

fractions but no molecular ions could be assigned.due 

contamination of each fraction with liquid phase off the 

gas chromatography column, 

We now turned our attention to fraction 1, eluted 



by benzene. Rechromato(raphy of this fraction (39mg,) 

on a small alumina column (lcm,x10cm, alumina) using 

benzene as eluant and folloring the elution in the 

ultrviolet at 280mfi gave two fractions, 

Fraction a (18mg,) 

The infrared spectrum of this -.?raction had 9,noc  

1725c61 , 1470cM.: and no band at 1600cmr: 	This 

indicated the fraction was probably of aliphatic esters. 

Analytical gas c'firomatorTraphy sho-:-Ped about 1F, compounds 

vrere present but one compound accounted for 

approximately 30% of the fraction, This compound had 

retention time 43.5 minutes. 

The dimethyl esters of certain aliphatic 

dicarboxylic acids were run under the same conditions 

and gave the following retention times, 

Acid Retention time of ester -minutes 

Oxalic 17.5 
Malonic 29 
Succinic 48 
Glutaric 87 
Adipic 166 

Succinic acid dimethyl ester when run as a 

mixture with this fraction gave a separate peak from the 

compound having retention time 43 5mins, This compound 

has not been identified. 
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Fraction b (17mg.) 

This fraction is more interesting than the previous 

one in that the infrared spectrum indicated aromatic 

esters,\)„,,,.1740cm. (broad), 1602cm„ 1470cm, 	1280cm. 

n.m.r. spectrum showed fine structure in' the methoxyl 

region, 6.42-r, 6,38-r, 	6.22-6 6.181 and 6.15-1: 

The three lower -rvalues appear in the normal region for 

phenolic methoxyl groups and aromatic carbomothoxy groups 

but the two highl'values (6.42 and 6.38Y) are unusual. 

One possibility which can be considered for these bands 

is a cinnamic acid methyl ester (see table 3 compound 151). 

The band at 6,28T is also a little higher than usual 

and cinnamyl compounds must also be considered here along 

with dimors such as dohydrodiveratric acid dimethyl ester 

(153) and dehydrodianisic acid dimothyl ester (152), (see 

table 3), The only other features of the n,m.r, spectrum 

wore a broad aromatic band 3.31- to 2.31. and broad 

aliphatic band centred on a peak at 8.75-Y. 

Thin layer chromatography of this fraction on alumina 

using benzene as cluant showed 3 spots It was 

therefore decided to rechromatograph the fraction on 

grade 3 alumina in a micro column (3mm,x350mm, alumina) 

using bowlcne as cluant and to follow the elution in the 

ultrviolet at 280m)A , The results arc shown in diagram 1. 

As can be seen four fractions were obtained. 
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Fraction 131° < lmg, 

This was not investigated further, 

Fraction b$.1 7mg. 

This fraction was a colourless oil having 14-1,4x  

1720cm.! , 1600cm-! , 1470cm': , 1290cli! 	This suggested 

aromatic esters, An analytical gas liquid chromatogram 

of the fraction showed about 9 components were present, 

The main peak had a retention time of 22 Minutes and 

other rather broad bands appeared after 53 mins., 67mins,, 

and 107mins. Examination of table 5 suggests that the 

main peak may be methyl anisate (141), whilst the 

compounds having retention times of 67mins. and 107mins, 

could be methyl veratrate (142) and methyl 3,4,5-tr3'-

methoxybenzoate (141). 

Fraction bs ° 3mg. 

This fraction was a white crystalline solidm.p.. 
51)-56oQ 	1705cm. . 1604cm. , 1525cm, , 1295cm. , 

1275cm 	;rx 208m/L(shoulder), 219mM, 260m? 298m)k. 

The spectra were identical with those of authentic methyl 

veratrate (lit.m.p. 59-60°C). This result was confirmed 

by 	gas liquid chromatography, which gave a retention 

time of 66mins., both separately and as a mixture with 

an authentic specimen of methyl veratrate, 

Fraction bit,'4%. 

This fraction was a colourless oil having 
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A 
V,mcw  1720CM, 

A  , 1604CM • 1290cm, , denoting aromatic 
ester and having Ama, 208mi.asrtd 2571111.4 (weak shoulder). 

Gas liquid chromatography of the fraction showed that the 

major component (40%) had a retention time of 139 minutes, 

This compound has not been identified. 

The most abundant compound in fraction 1 was 

obviously methyl veratrate, and the very small quantity 

(3mg.) obtained from 12g, of the original soil extract 

prompted us to look for an alternative method of 

Identifying the compounds, without needing to isolate 

such small quantities, 

An isotopic dilution techniaue seemed ideal for 

this problem. Thus, if the humic acid were suitably 

radioactively' labelled, after dilution with inactive 

authentic material, not only could compounds be identified 

but also, by suitable degradation procedures, some idea 

of their original state in the soil could be gained. 

The obvious method available to us for labelling humic 

acid was by methylation with silver_oxide.andradioactive 

methyl iodide. 

One point which we thought it was essential to 

investigate, before carrying out such a methylation, 

was whether the silver oxide catalysed the trans-

esterification reaction with methanol (diagram 2 ) 

which would result in inactive product, 
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I 	 I 

) 
-0-CO C*H

3 -I- CHt  OH 	-C-CO 
2. 

 CH3  + C4qi OH , 	-.  ...  1 
* = radioactive label 

Diagram 2 

The reaction was studied for both aliphatic and 

aromatic esters. This was done for the aromatic esters 

by preparing tritium labelled methyl-0-benzyl vanillate 

'(154) and shaking this ester with methanol and silver 

oxide for four days 

Initial activity = 5337cts,/mgl/s, 
Activity after 4 days exchan,e 	5095ets./mg./s, 

This represents a decrease in activity of 4,52-,. A 

similar procedure was adopted for tile aliphatic ester, 

tritium labelled methyl 3-benzyloxy-4-methoxyphenyl-

acetate (155) being used, 

Initial activity 	= 5307cts./mg,/s, 
Activity after 4 days exchange = 4973cts./mg./s, 

This represents a decrease in activity of 6,4%. From 

these results it can be seen that the trans-

-esterification reaction is not important at room 

temperature. 

We therefore Carried out the methylation of Rubicon 

soil organic matter with silver oxide and C methyl 

iodide (0.1mc,) diluted with inactive methyl iodide. 
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C
E

O CHt  T t 

0 Cliz.Ph 
(154) 

CH-CO CH T 
: 4 	1  L 

OCH2.Ph 

OCHE  

(155) 

' The extract was methylated once only and all the material 

soluble in benzene was chromatographed on grade 3 alumina 

in the usual way without prior extraction with so6ium 

bicarbonate 

obtained:-

Fraction  

solution. The following results were 

Yield 
mg, 	T,  

Activity 
dis,/rrig./min. 

Acid equivs,/g, 

Benzene 
sols. 2653 100 2837 0.65 x 10'2  
1 19 0.7 387 0.09 x 10-4  
2 115 4.7,  3792 0,86 x 10-1 

67 2.7 3201 0.73 x 10-  
4 255 9.6 2772 0,63 x 
5 120 4,, 2462 0.56 x 10-' 

The measure of the number of methoxyl groups (phenolic 

and carboxylic) introduced during the methylation is 

expressed as acid equivalents per gram This was derived 

from the specific activity of each methoxyl group 

introduced and hence frow the activity of the methyl 

21 6 
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iodide used in the metllylation (4.39 x 106dis_/m.mole / 

min.). The, methyl iodide was counted as triethylamine 

methiodide. 

It is interesting to note the steady decrease in 

acid eouivalent from fraction 2 to fraction 5,this 

suggests an increasing degree of condensation of the 

aromatic nucleus and also corresponds to an increase ih 

molecular weight. The rather low value obtained for 

fraction 1 sug:,;ests that a large pro:dortion of this 

fraction is neither acidic nor phenolic in nature (see 

p 4 64) • 

Fraction 1 was rechromatographed, on grade 3 alumina, 

on a micro column, as before, and four fractions were 

again obtained, fraction b1, being crystalline, One lml, 

fraction of fraction b3  had ia.p. 57-580C, Methyl 

veratrate 	1m p, 59-60°C. 

Activity of this fraction (not recrystalli,sed) 
.174,3c t s./mg,/min. 
=2,18 x 10" di s ,/mg !min. 

The theoretical activity of methyl veratrate if only 

one active methoxyl had been introduced 
=2.24 x 10/ dis /mg/min, 

Fraction b3 was diluted with pure methyl veratrate 

(5mg.) and the mixture rechroDatographed, 

ActiVity of methyl veratrate = 73,9cts./mg,/min, 

Unfortunately it was not possible to recrystallise this 
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small quantity to constant activity and it was also not 

practicable to dilute the material any further as the 

activity would become too low for counting purposes, 

Since methyl veratrate appeared to be the ,,post 

abundant compound in the fraction, it -eras obvious that 

the activity of the methyl iodide used was too low to 

allow appreciable dilution, A tenfold increase in the 

activity of the methyl 'Iodide r,as necessary therefore. 

To this end we decided to investigate the sentience of 

reactions outline& in diagram  3 as a method of producing 

hija activity methyl iodide in large quantities In a 

0 0 

c)
\\ OT  T,Q 
OT 

z
e/CHIN% 0  

0 

\OCHtT 

OCH T 

IHI 
Diagram 3 

CH.TI 

( 
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preliminary investigation we used deuterium oxide instead 
of tritiated water. 

Giutaric anhydride vas hydrolised in e carius 

tube at 10000 with deuterium oxide(lmo36 for L.8 hours, 

The deuterated glutaric acid was dissolved in sodium 

dried ether and treated vrith dry ethereal diazomethans. 

After evaporation of the ether under vacuum, the deuterated 

dimethyl glutarate Iras boiled under reflux with constant 

boiling hydriodic acid for two hours, when the deutero 

methyl iodide was distilled off and collected in 75g 

yield 

In order to test the efficiency of incorporation of 

deuterium into methyl iodide, methyl piperonylate (156) 

was prepared by methylation of piperonylic acid with 

deutero methyl iodide and silver oxide. This enabled a 

direct comparison to be made, by n,m r, s-oectroscopy, 

between the methylene protons of the methylenedioxy group 

and the ?protons of the ester methoxyl group, The spectrum 
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showed 94% incorporation had taken place. 

With this success, we prepared tritium labelled 

methyl iodide by the same .)rocedure l  using tritiated 

water (0,2c,), The product uas diluted to 31m1, vith 

inactive methyl iodide and its activity determined by 

methylating anisic acid and counting the muthylanisate 

produced. 

Activit:7 = 2,17 x 104 cts./m.mole/s. 
= 1,085 x 107dis./m.mole/s, 

This represented 0.15cnries in the methyl iodide and 

hence a 75;4 yield overall based on the tritiated water, 

Rubicon humic acid was methylated with tritiated 

methyl iodide in one step in the usual Tay o  and the 

benzene soluble products separated on grade 3 alumina. 

Me following results were obtainedz- 

Frn, 
No, 

Solvent Yield 
mg. 

Activity 
cts,/mg- ,/s, 

1 
2 

Benzene 
Benzene/ethyl acetate 3:1 

53 
201 

1219 
1435 

3 Ethyl acetate 180 1200 
Ethyl acetate/methanol 91 524 1098 

5 Kothanol 500 727 

1485 =565benzene 
soluble 

Our previous experience suggested that fraction 1 

would be the best to investigate . we therefore 

chromatographed fraction 1 on a micro column as described 

earlier (p .•6S) collecting lml, fractions , The optical 
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densityknumber of fractions collected were plotted 

(diagram 4). 

The radioactive count showed four distinct peaks 

and the eluant was therefore correspondingly divided 

into four fractions and a fifth fraction of column 

washings. 

The activity peak in fraction (a) did not correspond 

to the optical density maximum, implying that a large 

amount of inactive material was present in the fraction, 

The remaining fractions did correspond to the optical 

density graph and by comparison with previous separations 

(diagram l) fraction (c) would contain methyl veratrate, 

Before any isotope dilution experiments could be 

carried out with these fractions;  it was necessary to 

determine what compounds might be expected in each 

fraction. We chose eight compounds for dilution 

experiments and determined their 14 values on alumina 

thin layer chromatography plates eluted with ben7.ene, 

The results are recorded in table 6, 

In a trial experiment with an authentic mixture of 

methyl anisato and radioactive methyl veratrate 

chromatographed on a micro column we found that methyl 

anisate corresponded to peak b and methyl veratrate to 

peak c. The eight compounds weru therefore tentatively 

assigned to the fractions indicated in table 6, 
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Cpd. 
No 

- 

TABLE 	6 

R+ 	Fraction 
Value 

0,65 	a 

Compound 

Methyl benzoate 
141 Methyl anisate 0 57 b 
144 Methyl piperonylate 0,55 t 
142 Methyl veratrate 0 50 c 
148 Dimethyl isohe.aipinate 0 47 d 
145 Methyl 3)415-trimethoxy- 

benzoate 0.46 d 
147 Dimethyl m-hemipinate 0,40 e 
153 DimethLil dehydrodi- 

veratrate 0,30 e 

Isotope dilution of fraction a  

From the above results methyl benzoate seemed a 

possible component of fraction a . Horever, before an 

isotope dilution experiment could be performed it was 

necessary to obtain a crystalline derivative without 

losing the methyl ester. We chose m-nitro methyl 

ben7oate, 
qs 

In a model nitration of inactive methyl benzoate 

(50mg.),a yxo  yield of m-nitro methyl benzoate was 

obtained after recrystallisation from ethanol. 

Ralf fraction a 	14,01:0cts,/s.) was diluted with 

methyl benzoate (50mg,) and nitrated to m-nitro methyl 

benzoate, Me product)  on repeated crystallisation 

from ethanol was inactive, This showed there was no 

1-lethyl benzoate in the fraction and suggested, rather 
surprisingly that there was no benzoic acid in humic 



-78- 

acid- Benzoic acid could be expected to be present from 

the degradation of phenylalaninel  phenylpyruvic acid or 

cinnamic acid (see p. 28) however, it appears that these 

compounds are metabolised in the soil to compounds other 

than benzoic acid. 

Vie therefore turned our attention to aliphatic 

compounds as being the only ones likely to have a high 

enough 1 ,  value to be present in this fraction. A 

likely possibility seemed to be 13-carboaymuconic acid 

trieethyl ester since it wac reported that soil micro-

-.organisms convert protocatechuic acid to cis-cisl- 

-carboxymuconic acid (see p.48) 	However it as also 

reported that the cis-trans isomer was the most stable 

and it seemed likely that the trimethyl ester of this 

isomer would be present. An attempt to prepare cis-trans-

-P-earboxymuconic acid trimethyl ester by methylation of 

the acid with silver oxide and methyl iodide in methanol 

gave a complicated mixture of compounds which were not 

investigated further for isotope dilution purposes. The 

chemistry of the a-carboxymuconic acids is described from 

Paso 89 onwards 

Isotope dilution of fraction b 

Previously we had shown that methyl veratrate was 

the largest component of the benzene eluted fraction of 

methylated humic acid, This could be present in the 
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soil as vanillic acid)  isovanillic acid, protocatechuic 

acid or veratric acid. It seemed possible therefore that 

piperonylic acid might also be present ;  since this is 

biogenetically related to the guaiacyl residue. The 

methylenedioNy group is uncommon in natural products 

however, 

405 of fraction b (--13,000cts,/s,) -ras diluted 

with methyl piperonylate (50mg.) and recrystallied to 

constant activity fro_: n-pentane, 

Activity of methyl piperonylato = 0 46 x 101cts./ 
rftmole/s. 

=lroof fraction. 

This activity is very low and the result must be regarded 

pith some reserve therefore. 

Methyl anisate was another possible component of 

fraction b. This could be expected to be present in 

relatively large quantities, since any natural product 

containing the D.-oxygenated phenyl residue would probably 

be degraded to anisic acid or p-hydroxybenzoic acid, 

(See review). 

Dilution of 20c'0 of fraction b (er-06500cts./s,) with 

inactive methyl anisate (50mz.) and recrystallisation to 

constant activity gave an active product. 

Activity of methyl anisato = 2 32 x 101cts./m.mole/s, 
of fraction. 

Methyl anisate a cgad  obviously be derived from either 

anisic acid or v.hydroxybenzoic acid present in the 
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soil. In order to determine the ratio of these two acids 

the methyl anisato was hydrolisod and the anisio acid 

produced, was recrystallised to constant activity from 
aqueous methanol. 

Activity of anisic acid = 0.99 x 103cts./m.mole/s. 
This shows that 7L%  of the methyl anisate was derived 

originally from R-hydroxybenzoic acid. 

Isoto:De dilution  of fraction c 

This fraction was assigned to methyl veratrate and 

dilution of one tenth of the fraction (---8,000cts./s.) 

with inactive methyl voratrate followed by crystallisation 

to constant activity gave an active product. 

Activity of methyl veratrate = 19.8 x 103cts./m,mole/s. 
= 65 of fraction. 

The methyl voratrate was then hydrolised with 1N potassium 

hydroxide and the veratric acid produced was 
recrystallised from water to constant activity. 

Activity of voratric acid = 9,3 x 10/ cts,/m,mole/s. 

The halving of the activity on hydrolysis immediately 

salagested that only one phenolic methoxyl had been 

introduced during methylation. This implied that 

the methyl veratrate was derived from vanillic acid or, 

far less likely, from isovanillic acid. However )  since 

the methyl veratrate could also be expected to be derived 

from protocatechuic acid and veratric acid it wa.. 

obviously essential to determine the activity of either 
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the 3- or 4-methoxyl group in veratric acid, 
96 We therefore carried out a selective cleavage of 

the 3-methoxyl 8roup in the active veratric acid -ith 

boiling 40% hydrobromic acid, The product was 

recrystallised to constant activity from water, 

Activity of isovanillic acid = 5,98 x lects,/m.mole/s. 

This shows quite clearly that activity is introduced 

into both the 3- and 4-methoryl groups during methylation 

and also shows that the methyl veratrate is derived not 

just from one compound but probably from all the four 

acids mentioned, 

Isotope dilution of fraction d 

An examination of the Rf values of the model 

compounds (table 6 and eyperiental section) showed 

that a number of these comtounds could be present in 

fraction d. We considered that one of the most 

interesttng compounds would be dimethyl isohemipinate 

(148) since this could be derived from oxidation of 

dehydrodiconiferyl alcohol (157). This compound is found 

in synthetic ligninand probably occurs in natural lignin 

since isohemipinic acid has been isolated from the 
48 oxidation of spruce linin, 

Dilution of 410,5; of fraction d (---42,000cts,/s,) with 

inactive dimethyl isohemioinate (50mg,) gave active 

ester after recrystallisation to constant activity from 
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n-pentane. 

Activity of dimethyl isohemiiinate 
=1.32 x 104 cts,/m,moleis. 
=0.63r, of fraction. 

Unfortunately after hydrolysis of the ester, there 

was insufficient lAaterial for recrystallisation to 

constant activity. 

HOHtC,,,„ pH4OH 

1T  
0 „,-'-- 	•''''r,' .,'  

i 	I 	O.-JH3 

QQH3 

(157) 

Another compound which we rould predict, from its 

R4, value , to be present in fraction d is methyl 

3,4,5-trimethoxybenzoate. Obviously this could result 

from methylation of gallic acid or syringic acid present 

in the soil. These two -.1;:articular derivatives are 

mentioned since these are the most common. The galloyl 
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residue is particularly common in tannins and flavanoids 

whilst the syringyl residue is known to occur in lignin. 

Other differently methylated galloyl residues have been 

identified in flavanoids but these are far less common. 

Fraction d (40^-42,000cts,/s.) was diluted with 
inactive methyl 3,4,5-trimethoxYbenzoate (50mg.) and 

recrystallised to constant activity from 60°/80°C petrol. 
This gave active ester. 

Activity of methyl 3,4/ 5-trimethoxybenzoate 
=5,15 x 103cts,/m. 
=3 of fraction, 

The ester was hydrolised with lff potassium hydroxide and 

the acid produced was recrystallised from water to 

constant activity. 

Activity of 3,4,5-tril,lethoxybenzoic acid 
= 2,59 x lOcts./m.mole/s, 

The activity dropped by half on hydrolysis and this 

immediately suggested that only one active, phenolic 

methoxyl group had been introduced in the methylation. 

This implied that the 3,4,5-trimethoxybenzoic acid was 

derived entirely from syringic acid since this is by far 

the most common diJaethylated gallic acid. In order to 

test this point, we decided to carry out a selective 

cleavage of the 4-methoxyl group in the active 

3,4,5-trimethoxytenzoic acid, If this acid were 

originally derived from syringic acid the syringic acid 
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produced by the demethylation would be inactive. 
The selective cleavage of the 4-methoxyl group 

described by Hahn and Wassmuth was modified to give 

optimiAm yield and purity. 3,4,5-TrimethoxybenT:oic acid. 

was dissolved in concentrated sulphuric acid and 20% 

oleum and was heated at 40°0 for 17 hours. This gave 

syrinic acid in 43% yieldm.p.209-210°C, lit, m.p. 210°C. 

A cleavage on the active acid and recrystallisation to 

constant activity from water gave active syringic acid, 

Activity of syringic acid = 159 x 10/cts./m,mole/e, 

This dilution with methyl 314,5-trimethoxybenzoate and 

the degradation procedures were repeated and si4ilar 

results were obtained at each stage. 

The results show quite clearly that considerable 

activity is introduced at either or both the 3— and the 

5-positions. This must mean that asilic acid is being 

methylated and this in turn implies that some 3,4,5-

-trimethoxYbenzoic acid must be present in the soil 

because of the halving of the activity on hydrolysis, 

This seems to provide the most likely explanation of 

the observed activities. Other obvious explanations are 

possible but these would involve the rather uncomIlion 

3-hydroxy,4,5-dimethoxy :aethylation pattern. 

Isotope dilution of fraction e  

We no- turned out attention to fraction e and two 
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more compounds which have been isolated from oxidised 
49 

lignin, m-hemipinic acid and dehydrodiveratric acid 

(see p. 27). The dimethyl esters of these acids were 

used for isotope dilution experiments on fraction e and 

on recrystallisaAon froim methanol both were inactive. 

The Rf values of esters (147)  and (153), 0.40 and 

0,30 respectively, did not exclude the possibility that 

they would be in the ben,7,ene/ethyl acetate eluted fraction, 

fraction 2. In consequence these est3rs were used for 

dilution experiments in fraction 2, 

Isotope dilution  of fraction 2 

The ben7ene/ethyl acetate fraction (20% —57,000 

cts,/s ) was diluted with dimethyl m-hemipinate and the 

mixture chromatog,.raphed on alumina using benzene as 

eluant. The eluate was evaporated to dryness and the 

product recrystallised to constant activity from light 

petroleum and fro methanol, 

:Ictivity of dimethyl m-he:Aivinate 
=23.7 N 101'cts,/m.mole/s. 
=9;", of fraction 

This compound besides being present in lignin o7:idation 

products might also be derived from the oxidation of 

condensed tannins (see p. 35). 

A similar procedure waw adopted with dehydrodi-

veratric acid dimethyl ester. After recrystallisation to 
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constant activity from methanol the ester was active. 

Activity of dehydrodiveratric acid dimethyl ester 
=4,52 x 101ctaim mole/s. 
=1 of fraction 

The dehydrodiveratric acid dimethyl ester was then 

hydrolised with 1N potassium hydroxide solution, The 

acid produced was prciiJitated with dilute hydrochloric acid. 

This acid could not be recrystallised easily on a small 

scale and therefore it ras dissolved in sodium hydroxide 

solution and reprecipitated to reilove any trace of 

radioactive methanol. 

Activity of dehydrodiveratric acid after two 
)1"ecipitations = 2 18 x 101'cts,/m-mole/s. 

In order to confirm the radioactive purity of the acid 

it was meti*lated 7ith diazomethane and recrystallised to 

constant activity. 

Activity of ester = 2.19 x 101cts.,/m.mole/s. 

The activity therefore dropped by half on hydrolysis 

of the methyl ester, This suggests that dehydrodivanillic 

acid was T:resent, in huthic acid since it would be necessary 

for the 4- and 4'-hydroxyl u.cups to be unmethylated 

to allo7 the formation of this dimer by the phenolic 

oxidation of a vanillyl residue. 

Unfortunately it was not possible to perform a 

selective cleavage of the 3- and 3'- methox.y1 groups 

with hydrobromic acid as had been done with veratric 

acid, This was not -cursued further, 
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Having shown the wide applicability of the isotope 

dilution technioue in identifying components of humic 

acid we turned our attention ¶to confirming these results 

by gas chromatography coupled with mass spectrometry, 

We had shown previously by analytical gas chromatography 

that ,aethyl anisate, meth7;1 veratrate and methyl 3,49 5-

-trimethoxybenzoate might be present in the benTene 

eluted fraction. Preparative gas chromatography also 

gave three flajor peaks corresponding to these compounds. 

Those vrere collected and sub:flitted for mass spectrometry. 

Peak 1  

The mass spectrum shored a molecular ion peak at 

m/e = 166 and a peak at m/e = 135 corresponding to loss 

of -OCH3. This confirmed that the compound was methyl 

anisate, 

Peak 2  

The mass soectrum Showed only two major peaks, the 

molecular ion 	= 196.073552 0,61 104) and a peak m/e=165 

correspoflding to loss of -0OF 1 	This confirmed that the 

compound was methyl veratrate. 

peak 3 

The macs spectrum showed three major peaks, the 

molecular ion m/e =226 m/e = 211 corresponding to loss 

of -CH3 and e =135 corresponding to loss of -00H, 

This compound was therefore, probably methyl 3,4,5- 
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-trimetho7ybenToate, 

Unfortunately no other comDounds could be identified 

in the other fractions ,T;hich-:ere collected, These 

results do )  however, demonstrate that this technique 

can be used effectively in identifying coalpounds present 

in humic acid. Undoubtedly, better results would have 

been obtained if more material had been available for 

gas chromatoc;raphy. 

These results coupled with those from the isotope 

dilution experimehts show )  quite clearly, that at 

least part of humic acid is derived from lignin. Also 

they give some indication that other types of natural. 

products contribute considerably. The methods developed 

are clearly capable of considerable extension. However 

it is clear that podol humic acid is an extremely complex 

mixture and the investigation of higher molecular weight 

fraction would require much larger amounts of material, 
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The chemistry of the a-Carboxymuconic acids,  

The predominance of the 3 ,L.-dioxygenated phenyl-

proane unit in lignin and in flavanoid compounds 

suggested that protocatechuic acid would be an abundant 

natural degradation product. It therefore seemed likely 

that 0-carboxymuconic acid would be present i z humic 

acid produced by the degradation of ti,rotocatechuic 
"7 7 , 

acid by soil micro-organisms 	cf,p, 48). It was 

proposed to synthesise P-carboxymuconic acid trimethyl 

ester with a view to using it in isotope dilution 

experiments. 

Two metAods are reported in the literature for the 

preparation of P-carboxymuconic acid by chemical means. 

Morgan described the oxidation of protocatechuic acid 

(158), with silver oxide in methanol ana formic acid, 

to the quinone (159), On further oxidation, with 

peracetic acid this rave cis-trans-p-carboxyuconic acid 

(160) and the lactone (161). In our hands the ouinone 

(159) could hot,be isolated. 

The alternative method w s described by Husband and 
76i 

his coworkers who onidised vanillin with sodium chlorite 
To 

at pH 0.5 to give a compound later identified as 

cis-cis-p-carboxyauconic acid monomethyl ester (162). 

In each case the stereochernical structure of the 
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muconic acid derivative was based on the cis-cis 

structure proposed for the biologically produced 

(3-carboxymuconic acid. The assignment of the cis-cis 

structure to this acid resulted froin its facile cis to 

trans isomerisation on heating. This 7,as shown by a 

change in U.V. maximum from 255m)A to 265m)A. Also, 

lactone (161) was formed from the isomerised acid under 

stron8ly acid conditions. This requires a cis otp double 

bond in the isomerised acid and suggests the 66 double 

bond must undergo the cis to trans isoqierisation. These 

two facts do not however, prove a cis-cis structure, 

since the stereoche_Idstry of both double bonds have not 

been established in any one co=ound and both double 

bonds may isomerise at each conversion. It was therefore 

decided to reinvestigate the series using n,m.r, 

spectroscopy. The n.m.r. spectra of all the compounds 

described below are reported in tables 7,8 and 9, 
p-Carboxymuconie acid monomethyl ester (162) was 

prepared by sodium chlorite oxidation of vanillin, 

Treatment of this monoestcr diacid (162) with sodium 

hydroxide (3mol.equiv,) at room temperature for 5 
/, minutes gave the trisodiu:a salt 0.63), Neutralisation 

of the sodium salt (163) with 0.1N hydrochloric acid at 

0QC and extraction into ice cold ether gave the free 
, 

acid (164). 
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Fethylation of the monomethyl ester (162), with 

silver oxide and mothyl iodide in methanol gave a 
7q 

trimethyl ester (165) . Methylation of (162) with 

refluxin anhydrous methanol and concentrated sulphuric 

acid cave a dimethyl ester, probably (i66). 

The n_m.r, spectra of all these derivatives (162 

to 166) show clearly they all have the sane configuration. 

The '66 double bond could be assined firmly a cis 

structure (Jzs= 11.7c/s), but the configuration of the 

oq double bond remained uncer,taln. In the triester (165) 

Hok,(3.30-Y) appears at low field with respect to H. in 
gl 

the dimethyl esters of trans-trans-muconic acid (167) 
26, 

(H04 = 3,79-y) and trans-trans-s-methylmuconic acid 0.69) 

(Hd, = 4.00y). This could be ex7elained by deshielding 

of Hot by the g-carbomethoxy group with the 04; double 

bond in the cis configuration. This cis structure was 

not reflected however in deshielding of H a  (2,79y) by 

the a carbomethoxy group (H cis-cis-muconic acid 

dimethyl ester (11) = 2,13.0, This therefore favours a 

trans configuration. Clearly further work was necessary 

to resolve this problem. 

Hydrolysis of monoester (162), followed by 

acidification with 1N hydrochloric acid at room 

temperature, gave an isomeric p-carboxymuconic acid (170), 

This was shorn to be the same as that obtained by 
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77 
heating the cis-cis acid to 1004)C at pH 7 for 30 minutes, 

Methylation of this triacid (170) with ethereal diazo-

methane (3mol equivs,) gave the trimethyl ester (171) as 

a white crystalline solid m.p, 75-76°C. This had 
? 

previously been reported as yellow plates m_p, 91-9206 

from methylation of the triacid (170) with diazolaethane 

under unspecified conditions, In one preparation of 

the ester (171) we used a slight excess of dia7omethane, 

which resulted in the addition product (172) as an oil, 

CoHoo06, The mass spectrum confirmed the molecular 

formula and molecular weiht and the n.m,r, spectrum 

defined the structure copletely. The trans 25S double 

bond (Jas = 16c/s ) and the tlethylene protons of the 

cyclopropane ring coupled to Ho(  were clearly shown, 

The n.m,r. spectra of the acid (170) and the ester 

(171) shoved that a cis to trans isomerisation of the 

36 double bond had taken place (Jx6 =16,5c/s), In both 

these compounds j  (170 and 171), W3.291aand 3.231y ) 

is clshielded by the (3-substituent as in the case of 

triester (165), This again suggests a cisoOdouble 

bond and this is supported here by deshieldim of H6  by 

the of carbo7_y1 group, particularly in the ester (171) 
1, 

(H = 1,701). (cis-trans-muconic acid dimethyl ester 0.73) 

Hs= 1.80t, 
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In the case of the triacid (170), a solvent effect 

appears to reduce the effective de shielding of H153  

moving it to higher field (H6=2.05'1). The n.m,r, 

spectrum therefore establishes the cis-trans configuration 

in (170) and (171). 

' The similarity of the line positions of 4,,K  in the 

ester (165) (110.=3,30-0 and the ester (171) ( d,=3,23'1') 

supports a cis assignment for the x( double bond in (165), 

A possible exrlanation for the absence of deshielding of 

II I,. in (165) is that the molecule is twisted about the 

On bond because of interaction between the PandS carbo-

methoxyl groups when the 66 double bond is cis, Thus 

compounds (162) to (166) may have the cis-cis 

configuration. Further evidence in favour of this 

assignment and that of the cis-trans  series is ijven 

below. 

It was necessary, especially for compounds (162) to 

(166), to determine unambiguously which n,m,r, signals 
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were associated with the Y and& lirotons. This was 

done by preparing the two isomericS-monodeutero-0-

-carbox-smuconic acids (174) and (175), from sodium 

- chlorite oxidation of 5-douterovanillin (176), The n m. r N  

spectra of these derivatives showed no bands at 3.79-r 

or 3.55-Y respectively (see tables 7 and 8, compounds 

162 and 170, The AB quartet system was replaced by a 

fine split singlet H3(2 79^r` and2 05e1rrespectively). 

HO ̀ C 

HO1C D 

\H
• )-----  

CO CH COJI 

NO,C 

(174) 	 (175) 

9H0 

4 	OCH3 
6H 

(176) 
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It vas decided to study the hydrolysis and subsequent 

isomerisation of the monoester (162). It appeared that 

the free cis-cis-p-carboxymuconic acid (164) was easily 

isomorised whilst the cis-cis-p-carboxymuconic acid 

monomethyl ester (162) was not, even under strongly acidic 

conditions. Some explanation of this striking difference 

wat called for. The hydrolysis and acidification reactions 

were carried out in an n.m.r. tube, using potassium 

tertiary-butoxide arid deutiitroaaphuric acid in deuterium 

oxide, and a spectrum was taken at intervals. 

The hydrolysis step was very ra-Fid, the methyl ester 

band (6.19-6 disappearing completely in less than five 

minutes and being replaced by a band due to methanol 

(6.657). No isomerisation was 

solution even after one hour. 

isomerisation to the cis-trans 

acidified solution was allowed 

the lactone (161) was produced  

produced in the alkaline 

On acidification a rapid 

series took place. The 

to stand overnight, when 

We therefore suggest the 

mechanism in diagram 5 to erplain the rapid isomerisation 

of the free cis-cis acid and hence the stability of the 

nonoester (162). 

The structure of lactone (161) had previously been 

basedllon the feodin of 2)64,t) -protocatcchuic acid (177) 
to Neurospora and the isolation of 3,5-N -P-ketoadipic 
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acid (178) as a metabolite. The lac tonic intermediate 

in this transformation would be (179) rather than (180) 

since the carbonyl group in (178) was formed on a 

labelled carbon atom, We synthesised the lactone (161) 

by heating the isomericed acid (170) in refluxing formic 
. acid. The n.m,r, spectrum of this lactone defined the 

presence of an ABA. system, (H i  7,23-r 1/4.7.4q/s., 
w16,4q/s,, HI  octet 4,35Y 

J446 =2,10/s,), 30L appeared as a doublet 3,21Y 1142,1c/s. 

And therefore confirmed the structure of the lactone as 

(161) or (179). 

Hydrolysis of 0-carboxy-X-carboxymethy1-6 - 

-butenolido (161) 7ith sodium methoyidc for one hour at 

room temperature regenerated the acid (170) (94),  

The reversible transformation of the V-carboxymuconie 

acid (170) to the lactone (161) supports a cis 

configuration for the a(13 double bond in (170), 

Methylation of the lactone (161) with ethereal 

diazomethane (2mol, equiv.) gave the dimethyl ester (181) 

as a semi-crystalline oil, Cq Hlopi„ )  molecular weight 
t 	1 

	

(mass spectrum) 214, 1)rno,141770Cm. and 1735cm, 	The n,m,r, 

spectrui of this compound was similar to that of the 

parent lactone diacid but showed two -OCH groups, 6.1o^r 

and 6,281`in addition, 

treatment of.V.CarbOxy-i--,eal4baxymotir1-44 
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(4) with excess diazomethane 

C-C double bond and having a 

(saturated r lactone). This 

product similar to (172) and 

The f-carboxyl group clearly 

very susceptible to addition 

the di-addition product (182) 

gave a product having no 

carbonyl band. "N)rococ  1740cm:I  

was presumably an addition 

was not persued further. 

renders the 01 double bond 

of diazomethane and indeed 
1c1,15'0  has be. isolated. The 

§-mathylmuconic acid series, in contrast, does not 

readily give diazomethane adducts, 
lg 

Morgan had previously reported the nethylation of 

lactone (161), with diazomethane under unspecified 

conditions to the diester (131) m.2, 41-142°C.. from 

benzene. 

While the stereochemistry of the isomerised Ilgr 

-trans-acid was fully confirmed some doubt remained 

concerning that of the original cis-cis-acid, It was 

still possible that both double bonds had isomerised 

during the transformation, 

It seemed to us that synthesis of a third isomeric 

0-carboxymuconic acid, and examination of its n.m.r. 

spectrum would define completely the stereochemistry of 

all the isomers, since in three- isomgrs, both double 

bonds must exist in cis and in trans configurations. 

To this end we attempted to repeat the synthesis of 

trans-trans-f-carboxymuconic acid (133) reported by 
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Morgan. Cis-trans-g-carboxymuconic acid (170) was 

heated in 20% sodium hydroxide under reflux for 4hours. 

Acidification with 1,51.  hydrochloric acid followed by 

continuous extraction into ether and into ethyl acetate 

gave a compound m 	136°C from ethyl acetate/ 

methylene chloride. The n.m.r, spectrum of this compound 

defined it as trans-glutaconic acid (lit. m.p. 138°0) 

(184). The n.m.r. spectrum sho-red the methylene protons 

as a quartet 1-1156.6274,te =1.14z/s., Jp5 =7.0c/s and the 

protons of the trans double bond as an AB quartet 

further split into four triplets ii2 941'110 98-r 

44$ =15,7c/s. This compound is presumably formed by 

retro-aldol cleavage. In an attempt to detect any 

trans-trans-P-carboxymuconic which might be formed, an 

n.m.r, spectrum was taken on the crude reaction produce;,, 

none was found. 	results were obtained with 

cis-cis-g-carboxymuconic acid, 

Elvidge and his coworkersF  reported the isomerisation 

of cis-trans-g-methylmuconic acid 185a) to trans-trans-

-1-methylmuconic acid (169) by boiling under reflux with 

hydrobromic acid. Applying this reaction to the cis-

-cis and cis-trans-p-carboxymuconic acid series. resulted 

in each case in laevulic acid (186) having infrared and 

n.m.r. spectra identical to authentic material. This 

was also characterised as its 224-dinitrophenylhydrazone, 
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An attempt at photolytic isomerisation in the 

presence of bromine or iodine gave only polymeric material 

in both the cis-cis and cis-trans-P-carboxymuconic acid 

series. It remains possible that the cis-trans isomer is 

the mest stable in the 0.E•carboxymuconic acid series 

compared rith the trans-trans isomer in the 0-methylmnconic 

acid. series. 

As explained previously) the anomally in the spectra 

of the cis-cis-A-carboxymuconic acid series could be 

explained by rotation about the pi bond to give a non-
-planar structure, Therefore;  if the molecule could be 

held in a planar conformation by ring formation pthe full 

deshielding effect of the of carboxyl group on the 

Yproton could be stUdied;  and hence the configuration 

established. 

Accordingly, 0-formylmuconic acid monomethyl ester 

(187) was synthesised by sodium chlorite oxidation of 

vanillin. Further oxidation of this compound with sodium 

chlorite had been shorn to result in the usual ?-carboxy-

muconic acid monomethyl ester (162). It therefore seemed 

likely that both these compounds could have the same 

configuration since they are both formed under the same, 

acidic, conditions and the diacid monoester only . 

isomerises after hydrolysis of thea-carbomethoxyi group. 

The infrared spectrum of p-fonaylmuconic acid monomethyl 
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ester (187) had -1)rna)( 3350cri. and 1710c6-,I  showing it 

existed in the lactol form (183), Final proof of this 

structure was given by the n,m,r. spectrum which showed 

the AB quartet of the cis 8'6' double bond (Jm6 =9.5c/s,) 

and the low-field Har (1.341'), deshielded by the cis 

at-carbomethoxyl group (cis-cis-A-carboxymuconic acid 

Illonomethyl ester (162) H21,2,791', cis-cis-muconic acid 

dime thyl ester H4 2.13-6. The abdence of the do shielding 

effect of the p-carboxyl group resulted La an up-field 

shift of Hot,(3,70t) compared with cis-cis-carboxy-

muconic acid monomethyl ester (162) 7,7:4 (3.211'), This 

therefore supports the cis-cis structure for the 

?-carboxymuconic acid monomethyl ester (162), 

It occurred to us that a similar situation to that 

in the lactol (188) would be _:;resent in the lactone (189), 
Sqf 

a compound previously F.nthesised by sodium chlorite 

oxidation of vanillyl alcohol (190) 

Reduction of the lactol (188) with sodium boro7 

hydride (lmol, equiv.) in aqueous methanol and immediate 

acidification of the solution when all the borchydride 

had dissolved gave the lactone (189) (1.p. 9d-99°C 

lit, )1143. 93-99°C) 	,1725cm-: 	The n.m.r. spectrum 

showed clearly the cis-cis-configuration as in lactol 

(188) with the low-field protonii.g (1,68-6 (see table 9 

p,115), 
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Treatment of lactone (189) with aqueous sodium 
64- hydroxide ( lmol , equiv.) or on allowing the alkaline, 

borohydride reduction, solution to stand before 
acid.ificLationo resulted in a new lactone C H 	1) 7 b •r- n'CAY 

172001V ( shoulder), 16950u:11  claimed to bo (191) , The 
n.m.r. spectrum did not have the low-field tf proton 

expected in the S lactone structure (191) which can 

therefore be ruled out, The line position of the 

6 proton ( 3.157) and coupling constant (Jets. =12.7c/s) was 
more consistent with the cis-cis-13-car-boxymuconic acid 

series (H y  2,79T J.12c/s,) and the ?proton 'in cis-trans-

-muconic acid dimethyl ester (H§ 3.51' J=10.7c/s.). 
'71e therefore prefer structure (192). 

liethylation of lactone (192) with ethereal diazo-

methane gave the monoeste, r (193) having similar spectral 
properties to its precursor. 

Treatment of lactone (192) or lactone (189) with 

sodium hydroxide (2mol, equiv.) for 24 hours followed 

by acidificationt,gave a further lactone acid previously 

assigned structures (194)or (192), The n.m.r. spectrum 

confirmed the S lactone structure (194) with the cis 

68double bond (Je  =10c/s) (see table 9 p. 115 ). The 

high-field. position of sid(2,65-11) and the 107z-field 

position of the ei-methylene protons (4,417) compared 
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with similar protons in lactone (189) (1.68 rand 

respectively) show, quite clearly the change in 

de shielding influence of the o4,-carboxyl Lroup caused by 

isomerisation of the ri.f,1  double bond. 

In order to study the interesting hydrolysis and 

isomerisation reaction (139) to (192), we carried out the 

hydrolysis in an n 1114-2. tube with potassium tertiary-
butoxide in deuterium oxide )  taking spectra at intervals. 

With one eouivalent of base the facile hydrolysis of the 

methyl ester could clearly be seen,the caromethoxyl band 

(45.30-6 decreased rapidly and the band due to methanol 

(6.67-6 increased correspondingly, Hydrolytic o-oening 

of the lactone was virtually instantanious and clearly 

proceeded liberation of methanol. This was accompanied 

by the appearance of a band at 5.70-f due to the methylene 

protons of the free (i.e. unlactonised) p-hydroxynethyl 

group, which ra.oidly disappeared with the formation of a 

band at 4.85y. This band was due to the methylene protons 

of the 	lactone (192). 

The mechanism of the conversion of lactone (139) to 

lactone (192) therefore involves firstly the opening of 

the S lactone ring, followed by isomerisation of the 

qdouble bond and hydrolysis of the Dc-carbomethoxyl 

group formini,; the dlactone (192), which is stable in 

the presence of 1 mole of base (diag,6). 

The formation of lactone (194) from lactone (192) 

was also inteiestin, in that in the acidification of 
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the hypothetical intermediate (196) theS lactone appeared 

to be formed in preference to the lactone. A. closer 

examination of the total reaction .froduct after 

methylation, disclesed two Aajor compounffs. These were 

identified by their n.m.r. spectra as the lactone esters 

(193) and (197). It was confirmed therfore that both 

lactones (192) and (194) were formed at the acidification 

stage, the latter being the niore easily isolated, 

In one preparation of lactone (194), the lactone 

ester (189) was treated directly with sodium hydroxide 

(2mol.equivs.) for 24 hours, Acidification and 

methylation of this reaction resulted in the isolation of 

a compound, ClHa0c 	3440cm and 1715cm 
A
„ by thick 

layer chromatography. This compound was identified as 

cis-trans-p-hydroxymethylmuconic acid dime thyl ester 

(198) from it n.m,r. spectrum. The spectru showed the 

trans 68 double bond (j =18c/s,) and the Xproton (1,51/) 

strongly deshielded by -the cis c;-carbomethoxyl group. 

An improved yield (67.5n of the diester alcohol 

(198) was obtained by treating lactone (189) with a 

large excess of 5.Y sodium hydroxide solution. Presumably 

ester hydrolysis and isomerisation of the 5;(: double bond 

is competing with lactone hydrolysis and isomerisation of 

the &j double bond diagram 7. Once the a double bond 

is ismerised, the S carboxyl group cannot isomerise the 

double bond (diagram 6) and hence the cis-trans  
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configuration is stable and cannot lactonise on 

acidification. 

The evidence in favour of a cis-cis structure for 

the P-carboxymuconic acid derivatives (162) to (166) may 

be summarised as follows. The -carboxymuconic acid 

monomethyl ester (162) and the lactol (183) arc formed by 

sodium chlorite oxidation of vanillin in acidic solution. 

Further oxidation of the lactol cith sodium chlorite in 

acidic solution gives the monoester (162). It seems 

likely therefore that they will have the same configuration. 

The configuration of the lactol (188) has been rigorously 

proved as cis-cis from its n,m,r sj,)octrum and from 

comparison with the R-hydroxymethylmuconic acid series 
(see -0 .104 and table 9 p, 115) 

The inonoester (162) is stable under acidic conditions 

whilst the free acid (164) is not, We ex2lain this reaction 

by a mechanism involvinU a cis okigdolible bond (diagram 5 

p. 	98  ) 
The line position of H04  in the tricster (165) 

(,307-) is si.ii1ar to that in compounds with a pis-d.p 

double bond triester (171) (3.23y) and lactone (131) 

(3.211). 11,4  also appers at 10y field compared with 

compounds with a trans-01,6 double bond l  Hg  in cis-trans 

-mueonic acid dimothyl csta:: (173) (4.11"), H in the 

trans-cis-)'-lactone (193) (3. 9-6 and H,(  LI the trans-cis 

-g-lactose (193) (4.037). This clearly favours a cis okp 

double bond. 
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HK in triestor (165) (2,797) appears at high field 

in comparison with other compounds having a pis-ckg 

double bond. This can be explained by rotation about the 

AY-double bond, removing H. from the deshielding effect 

of the cis-id-carboxyl group (see p, 95), H.does appear 

at low field however when compared with similar protons 

in compounds capable of free rotation about the ptdouble ,  

bond and having a trans 04g double bond, Hy  in trans-cis-

-6-lactone (193) (3.201e)y lig in cis-trans-muconic 

dimethyl ester (173) (3,5T), This suggests Hr  is 

deshielded to some extent and therefore favours a cis-d13 
double bond. The a double bond has been established 

conclusively as cis from the n.m.r spectra of 

derivatives (162) to (166) and this therefore 

establishes the complete structure as cis-cis, 

The configuration of the cis-trans  series (170 

and 171) is established completely from the n.m.r, 

spectra (s90 p. 94). The reversible lactonisation of 

the triacid (170) (p. 99) is confirmatory chemical 

evidence. We also conclude that the comr,ounds described 

by rorgan cannot have the structures he assigned to thet, 
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TABLE 	7 

VALUE E 

Cmpd 
No H H6  

COUPLING 
CONSTANTS 

c/ Es 

ITETHO-,Y 
GROUPS 

OT1-MR 
GROUPS 

162 R=-CH3  
R =-H 
R't =-H 

5.21 2 .79 3,79 Jg =11,7 
= 2.1 

.T.ts = 0 9 

6.19 De.0 
Buy  OH std 

166 R=-CH3  
R i =-H 
R" =-CH3 

3.12 2,77 3.81 Jas =12 
Jai = 2 
tica = 1 

6.20 
6.28 

-002.H 
-1,21 

CDC13 

165 R=-CH3  
=-CI-I3  

R"=-CH3  

3 ,30 2,79 392 cis6 =12 
Zgy = 2 
Jdz = 1 

6.29=3H 
6.21.7.6H 

CDC13  

164 R=-H 
R' --H 
Rfi  =-H 

3,20 2.78 3.79 J5 	=11 .7 
J„,of = 2.1 
0;4 = 0.9 

D2.0 
BurOH std, 

168$i 
 

4,12 2,13 2 .13 4 12 J4=11-8 
300 . =1. 1 • 3 
grot 	= 1 	3 
J0.6= 1.3 

NOT 
REPORTED CC1*, 

16791  3.79 2.66 2.66 -3 79 0,43.16 .5 
Jae  =11 2 
Jaw = 0.7 
Jos = 0.6 

NOT 
REPORTED 

-methyi 
7,75 

Et2 CO 

CDC1 169
w  

R*"=-CH., 4,00 2 .75 3.88 Ja =15,5 6. 4 

J. 

STRUCTURE 

R"CO CH L 3 

\$ 	\H 
7=== y 

CH 0O.  



TABLE 

STRUCTURE 'Y VALUES 

Orapd. 
SOLVENT 

OTHER 
GROUPS 

NETHOXY 
GROUPS No. Hs 

COUPLING 
CONSTANTS 

c/s 

RO C a 

	

S\ 	(15 

	

S\, 	0 R 

	

RO_C
i 	

H 

H H 
H 

CH,O,C 	H 

R"  

\ ok 
\CO CH b\

H  

CHI  02.0 	H 

172 

1.70 3,32 J-68 =16,5 CDC13 
6,14 
6.11 
6,06 

.05 3.55 
=16.5 

,Ttor  = 0,9 
• =0,7 

D2.0 
CH3CN std, 

1 ,8 4.1 cdii,, -.10T 
REPORTED 

=10,7 
• =10.7 
Jr  =14.8 

i 47 6.4 3.95 Ecr =16 CDC13  (3 methyl 
8,00 

,1,51 3.88 
CDCI 

4=7,15 
He.5.53 
doublet 

Jee  =16 
J0,6  = 4,5 

41ft , 89 

7,34 
TRIPLET 

3.96 JAG  .16 6.22.6H 
6, 32=3H 

HA=8.14 
doublet CDC13 

HA Zip̀   
CH,s  CC 

H 	 ‘0 0 CH _ .5 
CH 0, Ci  

6 , 24 
6,21 
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TABLE 9 

r 

—r vAlms STRUCTURE 

r>= 

H 0 

R",0 c H
A 4x 

0  
H H

\P 

'7: H 	 0 
 

ROT C 
181 

161 

193 

192 

194 	R.-H 
.-COLH 

R"=-H 

197 

188 	R=-0O2  CH3  
Re 

=-OH 

139 

Cmpd , 
No, 

Oa CH3  
R' 

R. -H 
R':=-0O2.C1-13  

.-H 

R*.-CH3 3,21 
DOUBLET . 

3,21 
DOUBLET 

3,59 
SINGLET 

4.07 
MULTIPLET 

3,87 
DOUBLET 

4:03 

3,69 

3,70 

Hes  

• len I 

fr 

4 35 S, =7,23 
OCTET s2-6.71  

4,35 g, =7,23 
OCTET Sz  =6 71 

.1.68 

3 .20 

2 65 

2.98 

1.84 

.15 

3,87 

3.83 

3 ,82 

3.82 

3,84 

3.78 

COUPLING 
CONSTANTS 

c/s 

J-ssi  =7,6 ' 
441=3 , 6 
44=16,4 
Jo4r  .2 1 

Jam, =7.4 
Jas.. =3 .7 
Jg,k =16 ,14 
J 4=2 ,1 

J.6 =12.7 
JR = 1,5 

Jai =10 
,Ti‘e.,  .2. 5 

Jas =10 
Jep1/ 4 =2.6 

J6 =12,7 
= 2 

eitic =10 
O'er 	, 0 
(Its- .1,8 
Je p, .=1 .8 

1/45. =9.5 

1:11dHOXY 
GROUPS 

OTI.ER 
GROUPS SOLV:_;NTS 

6,21 HP, =3, 70 
Hai-2 .8 

ACE T 

6 24 H,e,=5 00 
DOUBLET CDC13  

Hp,=4 41 
DOUBLET 

DIVS0 

6,24 4,=4,33 
DOUBLET 

CDC1,3  

• 
His =4,85 
DOUBLET Dr.i SO 

CDC13  6,21 
HA=4.77 
DOUBLET 

Dz  0 
CH 3CN std. 

6,10 
6..28 

CDCI 
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EXPRRIKUTAP 

Melting points were determined on a Kofler block, 

Unless otherwise stated infrared sectra were 

measured on a Unicam SP 200 spectrometer in chloroform 

solution and ultraviolet s7)ectra on a Unlearn SP 500 

or SP 700 spectrometer in ethanol solution. Nuclear 

magnetic resonance elJectra were measured on a Varian A 60 

instruoent and mass aclectra were determined on an 

M,S,9 spectrometer -ith sam,les inserted directly 

oa the probe. 

Samraes labelled with 	"ere counted on an Isotope 

Developments Ltd. low-backLround counter as an 

infinitely thin film on a nickel planchette. Tritium 

labelled salli,les ere counted on an I,D,L, 

-scintillation counter, Samples 	dissolved in liquid- 

scintillator (1.2ml ) and dimethylformamide (0.2m1.). 

Analtical ;as chro -qatogrm)hy --ras carried out on a 

Pye Arbon instrument and :preparative as chroatography 

on an Aerosraph autoi:rep instrument with a katharometcr 

detector. 

Leicroanalyses wore carried out by the Organic 

/;icroanalytical Laboratory of Imperial Collee. Li8ht 

];:etroleuri refers to the fraction b.p. 40-60'C. Unless 

otherwise stated solutions were dried over anhydrous 

soe.ium sulphate. 
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Kethylation of _Leabicon humic acid with silver oxide  and 

methyl iodide 

Rubicon soil organic matter (12.05g,) vas extracted 

with methanol (900,11.) by shaking at room temperature 

for 6 hours. The insoluble residue (1.1g.) was filtered 

off and acetone (300m1,), silver oxide ( 48g,) and methyl 

iodide (120m1.) were added to the filtrate, The mixture 

was shaken at room temperature for 48 hours, when the 

precipitated silver iodide ras filtered off through 

celite 535, washing with acetone. The filtrate was 

evaporated on a rotary evaporator an6 the residue 

extracted with benzene (1200m1.) by shaking overnight 

at room tee.2erature, 

The benzene was decanted off and washed edth half 

saturated sodium bicarbonate solution (2 x 500m1,) and 

water (2 x 500m1,). The sodium bicarbonate solution and 

washings were reserved. 5.he benzene extract was dried 

over seahydrous sodium sulphate and then, after filtering, 

evae  ,orated to dryness on the rotary evaporator and finally 

under high vacuum. 

The sodiun bicarbonate solution and washings were 

acidified with 6N sulphuric acid and extracted with 

benzene (2 x 250m1.)7  dried over anhydrous sodium 

sulphate and eval,orated to dryness at room temperature on 

the rotary evaporator. The residue was combined 1-ith the 
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residue from the first extraction and rethethylated as 

above but using silver oxide (24g.), Thd Aethylation 

teas repeated three times. 

Yield of benzene soluble material - 

First methylation = 3,42g. 
E;econd methylation = 1.92g. 
Third nethylation = 

6.25g. 

ChromatoKraphy of methylated humic acid 

The methylated humic acid soluble in benzene (6,25g.) 

was chromatoraphed on grade 3 alumina (300g,) using 

the followin eluants1 

benzene (1 litre), fractionl(colourless oil); 

benzene/ethyl acetate, 3:1 (2litres), fraction 2 

(brown tar) 

ethyl acetate (1 litre) )  fraction 3:  (light brown 

powder); 

ethyl acetate/methanol 9:1 (2 litres), fraction 4) 

(light brown powder); 

Aethanol (21itres), fraction 5, (light brown ;corder). 

The yields obtained are recorded on page 53 The 

ultraviolet spectra/  microanalyses,infrared spectra and 

n.m,r, spectra are reported on pages 55 and 56. 

Gradient elution chromato:4raphy of fraction 2 (bennene/  

ethyl acetate)  

Nethylated humic acid fraction 2 (0,437g.)  was 

subjected to gradient elution chromatography on grade 3 
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alumina (200,:;,). The solvent system was benzene (1 litre) 

and ethyl acetate (1 litre). The elution was followed in 

the ultraviolet at 280mei. No separation was obtained, 

The product was evaporated to dryness under high 

vacuum and then dissolved in carbon tetrachloride and 

re-evaporated. This was repeated six ti,iles to remove any 

benzene and ethyl acetate remaining in the tar, 

The product had .t . 1720011 	and 1600cm-.1  (aromatic 

ester) and A 	212.m!A, 233m (broad band). The n,m,r, 

spectrum, in carbon tetrachloride, had bands at the 

followingrY values- 9,03, 8,73/  6.73, 6.70, 6,59, 6,39, 

6,35, 6.23, 6.23, 6,16, 6.10, 6.08/  2,83. 

This showed that the fraction 1-as still a complicated 

mixture. 

Vacuum sublimation of fraction 2  

Fraction 2 (25 .mg,) was sublimed under high vacuum 

5 x 104Mm. Hg raisin2, the temperature slowly to 100°C, 

Sublimation began at 60°C. and after 24 hours at 100°C, 

2 bands had separated in the sublimation tube, the more 

volatile fraction S, (8.2ma,), a colourless oil, and 

fraction Se.  (21.4m7,), a oale yellow semi-crystalline 

(needles) oil. These bands were collected and the 

temperature raiF,ed to 160°C., a yellow tar SI  (37.1mg.) 

sublimed, 'The residue which did not sublime was called 5y 

Ultraviolet spectra and microanalyses on these 
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fractions are reported in tables 1 and 2 page 54 and 

the n,m,r, and I.R. siJectra are discussed on page 55. 

Preparation of model methyl esters  

The following co,nounds were repared by 

methylation of the free acid with ethereal diazomethane, 

Dimethvl terephthalate (132) 

111.-0, 141-142°C. (ex, ether), lit76 1:1.i°. 141-142pC, 

Trimellitic acid tri ,lethyl ester (134) 

an oil b.p, not deterTAned lit 'b.p. 194°C 12mm, 

Tetramethl mzromellitate  (135) 
76 

m.p, 141-142°C (ex ,lethanol), 	141-142°C. 

Methyl anisate (141) 
16 

m,p, 48DC. (ex. 	petoleum) lit M.D. L8°C, 

Trimesic acid trimethyl ester (133) 

Llecitylene was oxidised 	alkaiiae potassium 

_permanganate to trimesic acid which was then methzaated 

with ethereal dia7o_rlethane, 

The es-Ler had m,p. 143-144°C. (ex, light petroleum) 

144°C. 

Methyl veratrate (142) 

Veratraldehyde was oxidised with potassium 

permanganate in acetone and the acid methylated rith 

ethereal diazoidethane, The ester had m,p. 58-5900. (ex, 

4  light petroleum) lit !6  m.p. 59-60'0. 
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Fethyl piperonylate (144) 
w4 	_ Piperonal was oxidised with aqueous potassium 

perAan:„anate and the acid :produced methylated with 

ethereal diazomethane, The ester had m,p, 51-520C, (ex, 

light oetroleum) litl,bm,p, 53°C, 

Fellitic acid hexamethyl ester (136) 

This ester was prepared from acetylene dicarboxylic 
%7 

acid dimethyl ester by the method of Diels, as needles 

fro:1 ethanol m.p, 188-189°C lit, m.p, 188°C. 

a2.3-Dicarboxynaphthalene dimethyl ester (137) 

2-Amino-3-carboxynaphthalene was converted to 

2-cyano-3-carboxynaphthalene by a Sandmeyer reaction 

with cuprous cyanide. Sublimation under high vacuum 

of the 2-cyano-3-carboxynaphthalene gave the imide,Vg  

v-hich was then hydrolised with boilin3 47 sodium hydroxide 

to 2,3-dicarboxynaphthalene, The acid was filethylated 

with ethereal diazomothane, The ester was recrystallised 

from 	petroleum to m.p. 47-48°C, lit,ra,p, 48°C, 
in-N-aphthol methyl ether (139) 

:-.1q.aphthol was ,lethylated with dimeth7:1 sulj2hate and 

sodium hydroxide to the ether m-p. 72) 0. (ex, ether ) 
110 lit, m,p. 72°C. 

Benzyl methyl ether (140) 

Benzyl chloride was b:Aled under reflux with a 

solution of sodium methoxide in anhydrous mef.anol 
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The benzyl methyl et .er was distilled b.p. 176°C. 
iu 

lit, b.p. 174°C. 760mm. 

3,4,5-Trimethoxybenzoic acid 

Gallic acid was methylated with di7nethyl sulphate 

and sodium hydroxide solution under reflux under nitrogen. 

This gave 3,4,5-trimetho:7benzoic acid (6Z, theory) 

m,p. 164-166°C. 	166°0, 

3.J 4)5-trimethoxybenzoate (145) 

The acid was methylated with excess ethereal 

diazomethane and the product recrystallised frola 600/8000. 

;)etroleum to m.p. 82°-8300 	82,5°C. 

2,4,6-Trihydroxybenoic acid 

This acid was prepared_ by the method of 3kraup 

m,p, decomp. (64theory). 

Methyl 2,4,6-trimethoxbenzoate (146) 

2,4,6-Trihydroxybenzoic acid (2g.) was dissolved 

in acetone (1L0m1.) and anhydrous potassium carbonate 

(9g.) and pure dime thyl sulphate were added. The mixture 

was boiled under reflux rrith stirring overnight. The 

potassiup carbonate was filte.L'ed off and the acetone 

evaporated under reduced pressure , The product vras 

chromatogra'ned on grade 3 alumina using b-mzene as eluant. 

vaporation of the eluatc ,and recrystallisation from 

:ethanol gave glethyl 214,6-trimethoxybenzoate (14E) 

(0.5g.= l3 theoa,y) m,p, 06-70°C, 	67-70°C. 
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Meta-hemi7Anic acid  

This acid was prepared by the method of Perkin and 

Robinson 
AO 

 except that 536-dimethoxyhydrindan-l-one was 

oxidised with dilute alkaline potassium permangan'ate at 

500C. Yield = (66$':theory) m.p. 1700-18000 lit7.6m.p,1790C. 

Dimethy1 m-hemiOnate (147) 

Meta-hemipinic acid was methylated with ethereal 

diazomethane. Recrystallisation from methanol gave the 

dimethyl ester m,p, 37-8860, litTm.p. 88-39°C, 

Isohemipinic acid 

This acid was prepared by the method of Tiemann 

via 5-aldehydovanillic acid. 

Dime thyl isohemkpinate (143) 

Isohemiriinic acid 	dissolved in methanol and 

treated -ith excess ethereal diazomethane, The product 

was recrystallised from aqueous ethanol as white needles 

m.p. 50-5200. sublimation under high vacuum gave 

m , 60-61°C, 

(Pound; C,56.31; H,5 71. Cl2HictOc, requires: C/56.69; 

5
5 

Methyl 4-methozvcinuasiate (149) 

2-.):Cydroxybenaldehydc, (5g.) and malonic acid (5g.) 

were dissolved in pyridine (50m1,) to which two drops 

of piperidine had been added. Ihe solution was heated 

on the stealii bath for 3 hours when it was poured on to 
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ice and concentrated hydrochloric acid (400m1.). he 

precipitate was extracted into ethyl acetate and then 

back extracted with sodium bicarbonate solution_ The 

sodium bicarbonate e::tract 7-as acidified to congo red 

with concentrated hydrochloric acid and extracted with 

ethyl acetate. This extract was washed with water and 

dried. Lvaporation gave 4-hydroxycinnamic acid (4,1g, 

= 667, theory). m.p.205t. 	m.r.206'b. 

The L.-hydroxycinnamic acid methylated vdth silver 

oxide and methyl iodide in methanol solution to give 

methyl 4-methoxycinnamate (60;Aheory) m,p, 86-83°C, 

ex, ethanol lit. m.p. 90°C, 

Hethvl 314-dimethoxycinnamate (150) 

3/ 4-Diztethoxycinuarlic acid ms -1)lepared from' 

veratraldehyde )  in same -a.y• as 4-hydroxycinnamic acid 

and v'as methylated rith ..aethanolic hydrogen chloride. 

The ester had m LI). 62-63°C ex. ethanol lit.m.p, 64°C. 

Ylethyl 3,4,5-trimethoxycinnamate (151)  

This ester was prepared from 3,4,5-trimethoxy-

benzaldehyde in the way described for methyl 3,4-

-dimethoxycinnamate The ester was obtained as yellow 

plates from aqueous ethanol m.p, )4-96°0. 

96.5-970C, 

DiActM. dehydrodianisatd (152) . 

This ester was prepared by the method of Rao and 
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41, Rao. Yield = 	theory, m,p, 169-170°C, ex. benzene/ 

light petroleum lit, m.p. 171-173°C, 

Dellvdrodivanillin 

This compound was prepared by the method of Elbs 
43. and Lerch Yield = 9351 theory . 

Dehydrodivanillic acid 

This acid was prepared by the method used by 

Schuerch in the preparation of vanillic acid. 

Yield = 6o theory, 

Dehydrodiveiatric acid  

This acid was prepared from dehydrodivanillic acid 

by Jaethylation with dimethylsulphate and sodium 

hydroxide, This could not be recrystallised because of 

it low solubility. 	Yield = 857, theory. 

Dimethyl dehydrodiveratrate (153) 

Dehydrodiveratric acid (lg ) was suspended in 

methanol (100m1 ) and silvzroxide (5g j and methyl 

iodide (10m1 ) v.ere addec, and the whole shaken at room 

temperature for 48 hours. The - recipitated silver iodide 

was filtered off and the solution evaporated under 

reduced pressure, 

Recrystallisation from methanol gave the dtaethyl 

ester (0,7g,= 65 ., theory) m,p, 130°0, lit, Lo.,p, 130°C, 
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Hydrolysis  of methlated humic acid fraction 4 

Et0Ac/Me0Tril 

Lethylated humic acid, fraction L',. was 

rechromatoray.hed on grade 3 alumina (20g,) in a 

burette column using ethyl acetate/2.11ethanol 1:1 as eluant. 

The product was freeze dried from benzene. 

The rechramto,-Lracthed mate:cial (90mg.) was boiled 

under ref lux with. 0.5N sodium hydroxide solution (20m1,) 

under nitro en for 5 hourc, After coolin,, the solution 

vas passed down an Amberlite IR 120 (H*form) ion 

exchange resin column three times and freeze dried from 

water, Yield = 55mg, 

Analysis C = 39,635 H = 	Ash= 13 

Analysis of fraction 

C = 56,02 	. 5,31 	-0CH3  = 25,92;': 

Hydrolysis of methylated humic acid fraction 5 (Me0H)  

The same procedure was adopted as that described for 

fraction L. The recaromatoL;raphed material (100mg,)gave(62Ing) 

after hydrolysis. The product contained considerable 

ash ( 	An n.m.r. spectrum of thit hydrolised 

fraction in deuterium oxide showed only a very weak 

band in the methoxyl res- ion, 

The n,m.r. spectra of other fractions hydrolised 

1-,T this procedure also had only a very weak methoxyl 

band, 



-127- 

Thin layer chromatography of methylated humic acid  

Fractions 2,3)4, and 5 were chromatographed on 

alumina G plates using a variety of solvent systems, 

The chromatograms were developed in an atmosphere of 

iodine and each fraction gave a long broad streak showing 

no separation, 

Analytical gas liquid chromatography of  fraction 2 

sublimates St and 6a  

ihe column used had a polyethyleneglycol adipate 

liquid phase on brick dust and was aft. long, The 

t.emv,erature was 175°C  and the argon flow r•7 to 20m1,/min, 

-khe combined fractions St  and Sz  (10mg.) were 

dissolved in benzene (0,5ml.) and injected. The retention 

ranged from 13mins to 680mins, These are recorded in 

table L. p. G2 along with relative percentages assuming 

all the material injected came off the column. 

Analytical 	of model esters. 

The model esters in benzene solution were run under 

the conditions described above using methyl anisate 

as standard (retention time 20mins,) The reiults are 

recorded in table 5 p.62. 

Preparative scale gas liouid chromatography of fraction 2  

The column used was a 20ft, 30;:? silicone gum rubber 

on chromosorb P column. The temperature was manually 
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programmed from 200°C to 35000, at a helium flow rate of 

200m1 ./min, using a katharometer detector. The fractions 

were collected in glass u--tubes, internal diameter 4mm., 

cooled in liquid nitrogen. 

Fractio:I. 2 (500mg,) was dissolved in ben9iene (1m1.) 

and injected directly on to the column, only very broad 

bands were produced, 2hese Were collected and mass . 

siiectra determined but no molecular ions could be 

determined with certainty even at lor,  ionisinL; voltaes 

due to contar'ination with stationary phase. 

Chromatography of fraction 1 (benzene )  

Fraction 1 (39mg.) was rechrofilatograp'led on a grade 

3 alumina column (lcm,x 10cm,) Asin.; benzene as eluant, 

collecting lml.fractions, The change in ol,tical density 

of the eluate was followed in the ultraviolet at 280mp,. 

Two maxima in optical density were observed corresponding 

to two fractions; fraction (a) (13mg,) had Vt.,,,,ve  (liquid 

film) 1725cm,' 	124.70cm7: , and no band at 1600cm; 

fraction (b) (17mg.) had`0„),.(liquid film) 1740cm",' 

(broad), 1602cmi 	1470cM7: , 1280cth: (For n,m,r, see 

p65). 

Analytical has liquid chromatography of fraction (a)  

A 32t, polyethyleneglycol adipate column was used 

at 100°C and an argon flow rate of 20m1,/min. Fraction 

(a) (0.1,41.) was injected on to the column. 
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Fifteen comtnouads were present )  but only one 

(retention ti..de 43.5mins-) was present in any si&nificant 

quantity (approx. 30$), 

Analytical gas linuid chromatoral:hy of  aliphatic 

Oicarboxylic acid dimethyl esters  

malonic, succinic, glutaric and adipic 

acids were methylated with excess ethereal diazomethane. 

The dimeth-y1 esters produced were subjected to gas liquid 

chromatoL;raphy at 100°C Li derthe conditions described 

above. Retention times of 17.5mins,, 29mins,, 48mins., 

87mins., and 166mins. were obtained respectively (see 

p.64). 

Thin layer chromatouraphy of fraction lb  

Whin layer chromatography of fraction lb on alumina 

G plates gave 3 spots when developed in iodine. 

Rf values: 0,58, 0.50, 0,44. 

Column chromator4raphy of fraction lb  

Fraction lb (17ms.) was chromatoraphed on grade 3 

alumina on a micro column (3mm,x 350mm,) using benzene 

as eluant. 	Fractions (1m1.) were collected and the 

optical density of the eluate VIRE followed in the 

ultraviolet at 280m/A 	The results are summarised in 

diagram 1 p.67 	Four fractions were obtained)the data 

obtained on these is described on p.66. 

Analytical g.l.c. was on a 3f t. polyethylene,61ycol 
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adipate column run at 17500 and an argon flow rate of 

20m1 ./min, 

Tritium labelled 0-benzyl methyl vanillate (154) 

0-Ben7y1 vanillic acid (275mg,) was dissolved in 

sodium dried ether (30m1.) to Thich tritiated 7ater (2 

drops) had been added, To this mixture was added a slight 

excess of dry (K0H) freshly prepared ethereal diazomethane, 

The ether was evaporated and the residue recrystallised 

from cyclohe7..ane. m,p, 84-86°0 

The ester was recrystallised to constant activity, 

4th crystallisa'uion = 5332cts./n7./s. 

5th crystallisation = 5342etelmg-/s- 

Average activity = 5337cts./mg /s. 

:3xchanze reaction between methanol  and tritiated 

0-ben77,1 meth la  vanillate  

The tritiated ester (100m) was shaken with 

methanol (7.5m1.), acetone (2.5m1,) and silver oxide 

(0,4g,) for 4 dais, The silver oxide was filtered off 

through celite 535, The solvent was evaporated and the 

prodUcts recrystallised from cyclohexane to constant 

activity, 

let crystallisation = 5100cts,/mg,/s, 

2nd crystallisation = 5090cts./mg,/s, 

Average 	= 5095cts,/mg./s, 
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Tritium labelled 3-bengyloxy-4-methoxyphenylacetic  

acid methyl ester (155) 

This ester was prepared, from 3-bensyloxy-4-methoxy- 

phenylacetic acid, in the same ray as tritium labeilled 

0-bermv1 methyl vanillate (154) was prepared. The 

product m.D. 85-86°C, was recrystallised to constant 

activity from cyclohexane, 

2nd crystallisation = 5243cts./mg./s, 

3rd crystallisation = 5370cts,/mg./s, 

Average activity = 5307cts,/mg,/s. 

Exchange reaction between methanol and tritiated 

3-benZyloxy-LrmaIhanylamllsgsid methyl ester 

This watt carried out in the same vay as the previous 

exchange experiment. The product was recrystallised to 

constant activity from cyclohexane, 

1st crystallisation = 4)35cts./111g./s. 

2nd crystallisation = 4960ctsWmg./s. 

Average activity 	= 4973c ts ,/mg ./s 

Radioactive methylation of Rubicon humic acid usinJ7 

r. 	-methyl iodide 

Rubicon humic acid(12g.) was extracted with methanol 

(900m1.), filtered, and diluted with acetone (300m1.), 

To this solution was added silver oxide (43g.) and 

N -methyl iodide (0,1mc,) diluted with inactive methyl 

iodide (30m1,) (1m1, vas reserved for aounting), The 
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solution was then shaken for 12 days at room temperature, 

The precipitated silver iodide was filtered off through 

celite 535 and the solvents evaporated at room te/aperature, 

The residue ras ex:tracted with benzene (1200.21.) , 

Yield of material soluble in benzene = 2,653g. 

Activity = 2837dis,/mg,/min. 

Chromatojgraphv of radioactive E46.1 methylated humic acid 

The methylated humic acid soluble in benzene (2,653g,) 

was chromatographed in the usual way on grade 3 alu:aina 

(150g,), The results are reported on p.70, 

Activity; of N -methyl iodide 

The active methyl iodide (0,5m1.) dissolved in sodium 

dried ether was treated with dry triethylamine (0,5m1..), 

Th.) precipitated triethylamine methiodide vas filtered 

off and recrystallised to constant activity from dry 

ehtanolf ether. 

1st crystallisation = 143,2cts,/mg,/min, 

2nd crystallisation = 145.3cts,/mg,/min, 

Average activity = 144,5cts,/mg./min. 

Specific activity = 4.39 x 106dis./m,mole/min, 

=specific activity of methyl iodide 

(counter efficiency = 82:.) 

Theoretical activity of methyl iodide from 0.1mc, 

= 2,2 x 10 x 142 
30 N 2,28 x 103  

= 4,57 x 10cdis./m.mole/min, 
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Chromatography of E4C-.1 labelled humid acid fraction 1  

(benzene) 

Fraction 1 (19mg.) was chromatographed on grade 3 
alumina using benzene as eluant as described earlier 

(P.129 ). Four fractions were again obtainedf  fraction 

c being crystalline m.p. 57-580C, Methyl veratrate 
lit. m.p, 59-6000 

Activity =174.3cts./mg,/min, 

Fraction c was diluted with pure inactive methyl veratrate 

(5mg.) and rechromatogr9.phed, This gave methyl veratrate ;- 

Activity = 73.9cts,/mg,/min, 

It was not possible to recrystallise this material to 
constant activity, 

Deuterated dimethyl glutarate  

Glutaric anhydride (6,32g,) was heated in a carius 

tube with deuterium oxide (1m1,) for 48 hours at 100°C. 

The tube was cooled and onened and the contents washed 

carefully into a conical flask with sodium dried ether. 

Immediately tothis solution was added excess dry (ICON) 

ethereal diazomethane. The ether was evaporated and the 

product transferred to a 100,x1, flask and the last traces 

of ether removed under high vacuum, 

Deutero 	iodide, 

To the deutero dimathyl glutarate prepared above 

was added analar constant boiling hydriodic acid solution 
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(59m1,) and the mixture was boiled under refluxfor two 

hours, The solution was cooled in solid COz/ethanoll  

and red phosphorus (lg.) and water (10m1.) were added. 

The deutero methyl iodide vas distilled over into an ice 

cooled receiver containing water (10m1.). The product 

was washed well with water by decantation to remove any 

hydriodic acid which had distilled across. 

Yield = 5.25m1; = 75 theory, 

Deutero 	piperonvlate 

Piperonylic acid (50mg.) was dissolved in methanol 

(10m1.) and deutero methyl iodide (0.5m1,) and silver 

oxide (0.5g.) were added. The mixture was shaken at 

room temperature for 24 hours, The precipitated silver 

iodide was filtered off and solvent evaporated, The 

product was recrystallised from light petroleum, 

An n.m.r, spectrum of this product showed 94-35 

incorporation of deuterium had taken place, 

Tritium labelled methyl iodide 

The preparation was carrieioutexactly as described 

for deutero methyl iodide, starting from glutaric 

anhydride (6.32g,) and tritiated water (1m1.= 0,2curies). 

After the first distillation of active methyl iodide, 

inactive methyl iodide (4m1,) was added to the reaction 

mixture (cooling in solid C0a /ethanol before addition) 

and then was distilled out in order to carry over any 
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residual tritiated methyl iodide, 

Yield = 9,5m1, = 865 theory, 

The methyl iodide was washed with dilute sodium 

bicarbonate solution (10m1,) and then with water (4x10m1.) 

until neutral. Further inactive methyl iodide (12m1,) 

was added and the mixture dried over sodium sulphate, 

The active methyl iodide was decanted away from the 

sodium sulphate which was washed with inactive methyl 

iodide (9.5m1,). This gave active .qethyl iodide (31m1.); 

Activity of tritiatcd methyl iodide 

Anisic acid was methylated in methanol solution with 

tritium labelled methyl iodide and silver oxide. The 
methyl anisate produced was recrystallised to constant 

activity from n-loentane, 

1st crystallisation = 13065cts,/mg,/s, 

2nd crystallisation = 13063cts,/mg,/s, 
= 2.17- x 10bcts,/m,mole/s, 
= 1,085 x 10'dis,/m,mole/s, 

.',31m1, active methyl iodide 
= 31 x 2.28 x 1.085 x 10'  x60 x 103  

142 x 2.2 x 109 x103  

= 0,15curies = 75 from tritiated 
water, 

Radioactive methylation of Rubicon humic acid 

The method used was exactly the same as that 

described for methylation with 1.7(3J-methyl iodide, 

starting from Rubicon humic acid (12g,) and tritium 
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labelled methyl iodide (30m1,), This gave material soluble 

in benzene (2,6g,), which 1-as chromatographod on grade 

3 alumina (150g.) in the usual way. The results are 

summarised on page 74. 

0hromatoaraphy of tritium labelled methylated humic 

acid fraction 1 (benzene) 

Fraction 1 (53mg,) was chromatographed on grade 3 

alumina in a micro column (3mm, x 350mm,) using benzene 

as eluant. Fractions (1m1.) wore collected and the 

optical density (260* and activity of each were 

measured, The activity was determined adding the eluate 

(002m1,) to liquid scintillator and counting the solution, 

The results aro summarised in diagram 4. 

Thin layer chromatography of model esters.  

A number.  of model esters wr.)re chromato_raphed on 

alumina G plates using benzene as eluant . The plates 

were developed in an atmosphere of iodine. The following 

results were obtained, 

1, Methyl ben7oate 
2. Hethyl pnisate 
3, Ifiethyl piperonylate 
4.D::thyl veratrate 
5. Dimethyl isohemipinate 
6, Methyl 3,4,5-trimethoxybnzoate 
7, Dimethyl m-homipinate 
8, Dimet_lyl dehydrodiveratrate 
9. Dimethyl nhthalate 
10, 4- -motho:crcinn-nic acid ester 

Rf 
0,65 
0.57 
0.55 
0,50 
0.47 
0,46 
0.40 
0,30 
0,50 
0,43 
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Rp 
11. 3,4-dimethoxycinnamic acid ester 	0,32 
12. 3,4,5-trimethoxycinnamic acid ester 0,33 

2,4,6-trimethoxybenzoic acid ester 0,50 

Model chromatography of active methyl veratrate and 

inactive methyl anisate  

Tritium labelled methyl veratrate was prepared by 

methyleltion of veratric acid with diazomethanc in the 

presence of tritiated. water. 

A mixture of active methyl veratrate (5mg,) and 

inactive methyl anisate (5mg.) was chromatograDhed as 

described before on grade 3 alumina in a micro column 

using benzene as eluant, 

The optical density of the elunto showed two 

maxima after 9m1. and after 21m1. (sec diagram 4), The 

optical density fell to zero between the two maxima, 

Activity of 9th fraction = 16.8cts./min. 

Activity of 21st fraction = 315cts,/min. 

Only a trace of methyl veratrate is carried with the 

methyl anisate, 
45.  

Model nitration of methyl benzoate 

Methyl benzoate (50mg,) in a crystallisation tube 

was stirred vi„,orously and cooled to 0°C, Nitrating 

mixture (111 HNO3/HSO4 ) (0,1m1,) was added and the 

stirring continued for 90mins, 7a-ter (3m1,) 7F%,9 added 

and then centrifuged away from the precipitated white 

solid. The product was recrystallisad from ethanol 



-138- 

(0,5m1,) . Yield = 23mg, (35j," theory), m,p,78'0, 

Isotope dilution of fraction a with mthyl ben7oate  

:-Talf fraction a (approx, 1400cts,/s.) was diluted 

frith methyl benzoate (50mg,) and nitrated as oloove. The 

product was recrystallised from ethanol, 

4th crystallis-ttion = 3,26cts,/mg./s, 

5th crystallisation = 1.63cts,/mg,/s, 

This was termed inactive, 

Isotope dilution of fraction b with methyl piperonylate  
(144) 

Fraction b (40;::---13,000cts,/s,.) in benzene (2m1,) 

,r as diluted. After eva-cor7.tion of the b,mzene the 

Tiroduct was recrystallised to constant activity from 

n-pentane, 

5th crystallisation = 2,61cts,/mg,/s, 

4th crystallisation = 2,57cts,/mg,/s, 

= 0,46 x 10 cts,/m,mole/s, 

v=15r of fraction 

Isotope dilution of fraction b pith methyl anisate (141) 

Fraction b (20T-16330cts,/s.) in benzene (1m1.) 

was diluted with methyl anisate (54,3mg. ,) and the product 

recrystallised from light petroleum to constant activity. 
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1st crystallisation = 14.97cts./mg./s, 

2nd crystallisation = 13,8 cts./mg./s. 

3rd crystallisation = 14,0 cts,/mg,/s, 

Average = 13,9cts./mg,/s, 

= 2,32 x 103cts,/m,mole/s, 

= 11 of fraction. 

Hydrolysis of active methyl anisate  

Tritium labelled methyl anisate (22mg,), from 

dilution of fraction6was heated on the steam bath for 

two hours with lY potassium hydroxide (1m1,) in a 

crystallisation tube. After cooling, the solution was 

acidified with dilute hydvochloric acid and the 

precipitated solid 7as filtered off and washed Frith,  

water (0,5m1,). The product was recrystallised to 

constant activity from aqueous methanol. 

1st crystallisation = 6.54cts,/m6./s, 

2nd crystallisation = 6,52cts,/mg,/s. 

Average activity 	= 6.53cts,/mg,/s. 

= 0.99 x 101cts,/m,mole/s, 

Isotoye dilution of  fraction c with methyl veratrate (142) 

Fraction c (107900cts,/s.) in benzene (0,5m1,) 

was diluted with methyl veratrate (50mg.). The product 

was recrystallised to constant activity from light 

petroleum, 
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2nd crystallisation = 104.4ets./mg,/s:  

3rd crystallisation = 103,0cts./m/s. 

Average activity = 103,8cts,/m,s,/s, 

= 19,8 x 10/cts./m2;,/s. 

= 65;Z of fraction, 

nydrolysis of active methyl veratrate  

Methyl veratrate (40mg.) from the dilution of 

fraction c was hydrolised in the same way as methyl 

anisate. The veratric acid produced was 

recrystallised to constant activity from boiling vlater. 

1st crystallisation = 50,8cts,/mg./s, 

2nd crystallisation = 50,5cts./ms./s. 

Average activity = 50,7cts./mz,/s 

= 0.93 x. 104cts,/m.mole/s. 

Model cleavage of the_3-illethoxyl ::row of veratric acid 

A __codification of the method of Lovecy was 

u(ed. 

Veratric acid (40mg,) was boiled under reflux rith 

405 hydro-bromic acid (0,5m1.) in a crystallisation tube 

for 15mins. A white precipitate formed l'Thich was 

collected, washed with water (0.5m1.) and then 

recrystallised from rater. Yield = 15mg. = 415 theory, 

1st crystallisation had m,p. 246-25000. 

Isovanillic acid lit.m.p, 255-257°C. 
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Selective cleavage  of active veratric acid. 

Prior to the selective cleavage reaction, active 

veratric acid (21.17mg,) (see above) was diluted ihith 

inactive veratric acid (70,5mg,) and recrystallised 

to constant activity, (Two crystallisations) 

Activity = 11.33ctsimg./s. 

= 2.15 x 103cts./m.molefs0 

The 3-methoxy group of the diluted active veratric acid 

was selectively cleaved as described above, The product 

vas recrystallised to constant activity from water and 

from ethanol, 

1st crystallisation (ex. water) = 7,78cts,/mg,/s. 

2nd crystallisation (ex. ethanol) = 8,16cts,/ma./s. 

3rd crystallisation (ex, ethanol) = 8,34cts,/mg,/s. 

m,p, 256-257 °C, 

Average activity = 8.22cts./mg./s, 

= 1,38 x J.Cicts,/m,mole/s. 

Activity relative to undiluted acid 

= 5.98 x 103cts,4m,mole/s, 

Isotoe dilution of fraction d with dimethyl  

isohemipinate (148) 

Fraction d (4042,000cts,/s.) in benzene (2m1,) 

was diluted with dimethyl isohemipinate (55mg.), After 

evaporation of the benzene the product was recrystallised 

to constant activity fron n-pentane. 
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5th 
6th 
7th 
8th 

crystallisation = 6,27cts,/mg,/s. 
crystallisation = 5.48cts,/mg,/s, 
crystallisation = 5,16cts./mg./s. 
crystallisation = 5.23cts,/m,g./s. 

Average activity = 5,20cts,/mg,/s. 

=1,32 x 10/cts./m,mole/s 

= 0.65% of fraction,. 

Isotope dilution of fraction d with methyl 3 4,5- 
-trimethoxybenzoate (145) 

Fraction d (40 .-- 	in benzene (2m1,) 

vas diluted v'ith wethyl 3,4,5-trimethoxybenzoate (47mg,). 

After evaporation of the ben,,ene the :product was 

recrystallised to constant activity from light petroleum, 

3rd crystallisation = 23,21cts,/mg,/s, 
4th crystallisation = 22,3 cts.,/m,/s, 

Average activity = 5,15cts,/n.mole/s, 

=35 of fraction. 

Hydrolysis of active methyl 3,4,5-trimethoxvbenzoate 

Methyl 3,4,5-trimethoxybenzoate (45mg,) was hydrolised 

in the same way as methyl 

benzoic acid produced was 

activity from water. 

1st crystallisation 
2nd crystallisation 
3rd crystallisation 

anisate, The 334,5-trimethoxy-

recrystallised to constant 

13,15cts,/n./s, 
12,23cts,/mg„,/s, 
12.21cts ,/rivc ./s, 

= 2,59 x 10'cts./m,mole/s, 



-143- 
DeJ,ective cleaizage of active 3,4,5-trixethoxy-

benzoic acid  

3 /4,5-Trimethoxybenzoic acid (25mg.) was heated 

with concentrated sulp7aaric (0.1a1,) and oleurn 20% (0,2ml.) 

at 40°C, for 17hours. The solution was diluted with 

rater (21A1,) and the product was filtered off and 

recrystallised to constant activity from water. (10mg. 

= 43n msp.209°-210°C, L;yrin6 ic acid m,p, 210°C. 

2nd crystallisation = 5,57cts,/m./s. 
3rd crystallisation = 5,47cts,/mg./s, 

Average activity 	= 1,59 x 103cts./a,mole/s. 

Isotope dilution of fraction e with dimethY1 

m-hemipinate (147) 

fraction e (406/5---' 1 x 10 cts./s.) was diluted with 

m-hemi;Anate 1  --.)0mi;.) in the usual way. Tile 

liroduct was recrystallised from Jilethanol. 

4th crystallisation = 3,42cts.111,;./s- 
5th crystallisation = 1.60cts./DL;./s. 

The product was classed as Liactive. 

Isotoe dilution of fraction e with dellyCxodiveratric 

acid dimethyl ester (153) 

A sizAla.r ],,rocedare to that described above vas 

adopted, usia,; dehydrodiveratric acid diidethyl ester 

(50mg.). The product was recrystallised froJt methanol. 

3rd crystallisation = 1,i4cts.'m ,/s, 
 crystallisation = 1.04cts,/,/s 

The ester was classed as inactive, 
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Isotope dilution of fraction 2 SbenzeneZethyl acetate).  

with dimethyl m-hemip_inate (147) 

graction 2 (20,',--.-57,000cts/s..) vas dillited with 

dimethyl m-hemi,,inate (55mE„) in the usual way, The 

product was recrstallised from light petroleum and then 

from methanol. 

3rd crystallisation ex. light petroleum 
= 100.5cts,/mg,/s, 

4th crystallisation ex, methanol 
= 96.0cts,/mg./s. 

5th crystallisation of „aethanol 
= 98.3cts./mgi/s. 

Average activity = 24,7 x 101cts /m.moie/s. 
= 9 of fraction. 

Isotope dilution of fraction 2 with dehydrodiveratric 

acid dimethyl ester (153) 

Fraction 2 (2%,--,57,000cts./s,) r as diluted with 

dehydrodiveratric acid dimethyl ester (51m.g.) in the usual 

way.. The product was chrouatographed on grade 3 alumina 

using benzene as eluant. .hfter eval.oration of the benzene 

the product was recrystallised to constant activity 

fro:: methanol. 

2nd crstallisation = 15.92cts./mg./s. 
3rd crystallisation = 11.72cts./1,1g./s. 
4th crystallisation = 11.60cts./mg,/s, 

Average activity = 4,52 x lOcts./mj.mole/s. 

?ydrolysis of active dehydrodiveratric acid 

dimethyl ester  

The ester (30mg,) Tas heated on the steam bath with 
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1N potassium hydroxide (1m1,) for 2 hours, The solution 

17as acidified hot and the 1,recipitated solid was filtered 

off and washed with hot rater. The acid was redissolved 

in hot 11T potassium hydroxide (0.5m1,), filtered, 

acidified hot and washed three times with water, This 

process was repeated to constant activity, 

let precipitation = 5.80cts /fag./s. 
2nd precipitation = 6.02cts /mg./s. 

Average activity = 2.14 x 10/cts./m.mole/s 

The acid v-as treated with excess ethereal diazomethane 

The ester produced vas recrystallised from methanol, 

lst crystallisation = 5,62cts,/mg./s. 
= 2.19 x 10:x'cts.,/m,mole/s 

';:14eparative has liouid chromatography of fraction lb 
ODenzene) 

The column used was a 20ft, 30,,K silicone gum rubber 

on chromosorb P column, The temperature was 224eC.at 

a helium flow rate of 100m1,/,ain, using a :A:atharometer 

detector. 	The fractions were collected in glass 

U-tubes, internal diameter 4mm,, cooled in liquid nitrogen, 

Fraction lb(71mg,) in benzene (1m1.) vas injected 

directly on to the column, 

. Only three pealcs could be detected. These were 

collected and mass spectra were determined on each 

fraction. 
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Peak 1 retention time 12mins. 

Lia;-:s spectrum m/e = 166 p4  I-11003)' 
:Ve = 135 Ce1.17 02. ) 

Peak 2 retention time 19mins, 

Lass sDectrum m/e = 196,073552 (Cif, ii32. 04  ) 
m/e --, 165 	(CtA0.5) 

Peak 1 retention time 35niins, 

	

':.ass spectrum m/e = 226 	C , . Hitt  04, 

	

m/e = 211 	C so  H it  Oc 

	

/e = 195 	C m, H i i  04  

Other fractions were collected although no peaks were 

	

detected 	es spectra on the se 	fractions were more 

complicated than  those above, and although s;Jectra were 

run at low ionistaL; volta_ses and accurate liass measurements 

made on the prominent peaks, the molecular formula 

derived were not co_Isistent with co.npounds containi.ag, 

only carbon, hydroCen and ox),.;en, This sugested that 

these peaks -,Aight be due to the liquid phase from the 
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0-Carboxymuconic acid chemistry../.  

The n m,r, spectra of all muconic acid derivatives 

described in this section arc reported in tables 

7,8 and 9 pages 113 to 115. 

4-Carbov-1,2-bewzoQuinone
l 
 (1521  

Protocatechuic acid (3g,) vas dissolved in anhydrous 

methanol (50m1.) containing formic acid Gml,), This 

solution was added to a .:Iixture of anhydrous sodium 

sulphate (6g.) and fresh silver oxide (7,2.). After 

shaking for 2 minutes the mixture was filtered through 

a layer of sodium sulphate and washed with anhydrous 

methanol. The filtrate was evaporated to dryness under 

high vacuum which left a dark brown tar. This reaction 

1::ac- repeated three times. The quinone claimed by 

Morgan was not produced. 
/i, Cis-cis-0-carboxymuconic acid „ionomethyl ester klb1 

Vanillin (30g,) was suspended in sulphuric acid 

(1500m1, pH 0,5), To this mixture was added sodium 

chlorite (90g.) dissolved in water (150m1,), After 

45 minutes the excess chlorine dioxide was removed in 

a stream of nitrogen and the solution then saturated 

with sodium chloride. The solution was extracted with 

ether (Li. x 250m1.) and the extract dried. After 

evaporation of the ether at room temperature under 
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vacuum) the residual yellow oil was crystallised from 

ether/li,,ht petroleum. This gave the monoester (162) 

(11,0g,= 28 theory,) in.p. 142°-144°C. 

lit , m.p, =1430-1440C, 

Cis-cis-13-carboxymuconic acid trisodium salt (163)  

Cis-cis- carboxymuconic acid monomethyl ester 

(162) (lg.) was dissolved in rater (42m1,) containing 

sodium hydroxide (0.65,) and the solution allowed to 

stand at room temperature for 15 minutes, The solution 

vas then cooled to 	5°C,in ice and methanol (210m1.) 

was added at 0°C. Isopro%,anol (250m1,) was then added, 

also at 0°C, in portions (10m1.) over 4 hours 
with stirring, The crystalline trisodium salt (1,2g. 

=955 theory) was filtered off. 
11 	. 

Cis-cis3-carboxymuconic acid (164) 

The trisodium salt (163) (lg.) was dissolved in 

water (101.) and cooled to 0°C,in ice, Crushed ice 

was then added to the solution followed by iN hydrochloric 

acid (11.8m1. 3mole) at 0°C. The mixture was rapidly 

extracted with ice-cold ether (7 x 50m1.), the extract evap-

orated under reduced pressure , The .j- roduct ;.,as dissolved 

in ethyl acetate and repreciOtated by adding light 

etroleum drop,-ise with stirring , This gave the triacid 

(164) (0.34g,=475r: theory ) m,p.  144-145°C‘lit, m.p.144°  
-145°C„ 
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Cis-cis-0-oarboxymuconic acid trimethyl ester (165) 

The monoester (162) (0,5g.) was dissolved in 

f,ethanol (10m1.), and silver oxide {2g,) and methyl 

iodide (5m1.) were added. The mixture vas shaken at 

room temperature for 24 hours, The precipitated silver 

iodide was then filtered off and the methanol evaporated 

under reduced pressure. This gave the triester (165) 

(0.48g,=85% theory) as a colourless oil. 
/9, 	_ 

Cis-cis-3-carboxymuconic acid dimethyl ester (166) 

Cis-cis4-carboxymuconic monometnyl ester (162) (1g,) 

was dissolved in anhydrous methanol (10m1,) containin 

concentrated sulphuric acid (2drops) and the solution 

boiled under reflux for 10 hours. The methanol was 

removed under vacuum and product crystallised from ether/ 

light petroleum, This gave the dimethyl ester (166) 

(0.86g =80;1 theory) m,p. 124-125°C. lit, m.p, 125-126°C, 

Cis-trans-0-carboxymuconic acid 70) 

The monoester (162) (1g,) was dissolved in 5g sodium 

hydroxide solution (20m1,) and kept at room temperature 

for 3 hours. The solution was acidified with 1N 

hydrochloric acid to congo red, saturated with sodium 

chloride arid. extracted with ethyl acetate (5 x 50m1,), 

The extract was dried and evaporated under vacuum at 

room temperature, The triacid (170) produced was 

recrystallised frorti cold ethyl acetate/methylene 
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dichloride to m.p, 155-159°C. (varied depending on rate 

of heating) (Yield = 0,79g = 85 theory). 

0,110(. (nujo1) 3100cirit (broad) 1695cm (broad), 1(7.35cdr.1  

1460cM..! , 1400c d: 	1240cni: 

• 
,t

Isomerisatioa of cio-cio-(3-orbo2:ymuconio acid at 1-:11 7  

The monoester (162) (0.5g.) was suspended in water 

(5m1.) and iN sodium hydroxide (7.5;:11.) was added, The 

solution was alio-red to stand at rooL. teicLerature for 

1 hour. The solution was then adjusted to 'oH 7 on narrow 

range indicator :paper - ith 0.1N hydrochloric acid, The 

solution was then heated on the steam bath and the 

iso,acrisation was follo,7ad by the change in the ultra-

violet syJectruu of the product. (255mpto 2E5112/..1 ) 

When the 25uti absorlytion had disappeared (30mins,) - 

the solution was cooled ;  just acidified to conLLo red 

with 0.1N hydrochloric acid, saturated with sodium 

chloride and extracted with ether (4 x 30m1,), The 

extract was dried and eval,orated under reduced pressure 

to give cis-trans-p-carboxymucouic acid (219mg. = 46x, 
theory) m.p,161-164)C. 	(nujel) 3100ci7i (broad)7 

1695cid; (broad), 1635crd! 	1595cM-2 , 1460cm-,1,1400cm-.1, 

1220c6: 	The infrared spectru::.. was very different from 

that obtained from the hydrolysis product of the 

monoester (162) obtaine at room tei)erature (see above), 
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An n.m.r. spectrum showed they were in fact the same 

compound. (see also the hyd-.22olysis of the 2? lactone 

diacid (161) ). 

Cis-trans-0-carboxy.luconic acid trimethyl ester (171) 

The triacid (170) (100mg.) was dissolved in methanol 

(5m1.) and ether (5m1.), Ethereal diammethane (3,0 

mole) was run in and the solution evaporated immediately, 

under reduced pressure, This gave the triester (120mg, 

= 985 theory) tirt 	L; white needles, 

Sublimation at 50°0 under high vacuum (1.ri x 104  

mm, Hg ) gave the triester 	75-76°C. 

Found: 0,52.26-, 	C4,1-1,40 reauires; 0,52.63; 

Mass spectrum: molecular ion m/e = 228; m/e = 197 

(loss of -OCH.), m/e 	169 (loss of -COaC:13), 

1720cm-2 , 1630cm,' 	1b00cm:', 1450cm-,1  1300cm: 

This compound was previously reported by i,or,an as 

yellow plates m.p. 91-12°C. 

In one zreparation of the triester (171) as above 

a :slight excess of diaT,omethane was used, giving a pale 

yellow oil as product. Thick layer chromatography of 

this oil on silica gel GF 	using benene as eluant, 

showed the major product had Rf 0.5. This was extracted 

with methanol which gave a yellow oil (29mg.) 
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ax 1720cmi 1660cm: , - 1450cm: 1295cm ,#  

Mass spectrum: molecular ion m/e = 242,077654, 

CnH4k= 242.079030; nee = 711 (loss of -0CH3); m/e= 

211 (loss of CAzOH); ni/e = 183 (loss of -coC;i3); 

We = 156.044319) C,Hg 04= 156.042256 (loss of 

CH ) - 4 1 -- 	2 2 • 
After sublimation under high vacuum the comound had 

analysis; found 0,54,46; 1 -,6,10, Cohpt, requires; 

C,54.54, H,5,83 ,  

assigned the compound the cNclopropane structure (172), 

LL-.... ;utero vanillin? 0_76) 

Vanillin (2.04s4), potassium 

and deuterium oxide (2.4ml.) were 

tube under nitrogen and Aeated at 

The tube was ol.ened and 7ashed out 

solution was acidified with dilute 

The proc7.uct Tas extracted into ether,, This gave 5-deutero 

vanillin (1,9t;. = 935 theory). 

The n,m,r. s2ectraa showed that almost 100;'', excha-lve of 

the 5-proton had taken place, 

6$;Deutero-cis-cis-P-carboxymuconic acid monomethyl  

ester (174) 

This was prepared by sodium chlorite oxidation of 

5-deutevo vanillin by the method of Husband and coworkers, 

tert.-butoxide (0.79g,) 

sealed in a carius 

l00°C„ for 3 days, 

with water and the 

hydrochloric acid, 
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Yield ex. 5-deutero vanillin (2g.) =°,195z, = 7,5%theory. 

N,m.r.! (D29 solvent, tert,-butanol standard); 

-OCH.1  6.19T; H,3,19")6 	4.,,of . 2 lo/s, 

Hydrolysis of 6-deutero-cis-cis-f3-carboxymuconic acid 

mo4pmethylester.(174) 

The deutero monoester (174) (83mg,) was dissolved 

in deuterium oxide (0.5m1,) in an n.m,r, tube and the 

n.m.r, spectrum taken, (see above), 

Potassium tert,-butoxide (161mg, 3,2:Aole) was then added 

and the spectrum taken after ten minutes, 

N.m,r.: (D20 solvent;  tert.-butanol standard); 

CH30D,6.581r(total hydrolysis): 110.48-6 11.63.231" 

,7=_ 2,1c/s, (shifted by base). 

Dry nitrogen was bubbled through the solution to remove 

tert,-butanol and dilute deutero sulphuric acid (0,1m1,) 

was added. 

Deutero sulphuric was made from concentrated sulphuric 

acid (0,4m1,) and deuterium oxide (0,6m1,), 

Spectra we:e ta.';.en after 10 minutes, 1.5 hours and 

72 hours, 

N.m.r. : 10minutes, CH.,OD 6.55-r; H0.191,, He2.75-r 

q", 1 =2,1c/s. 	1,90T(isomerised acid 505), 

N.m.r.: 1.5hours >905 isomerised. 

3.13-r, T1 1,901, J 	= lc/s, 
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N.m.r.1 72 hours lactonised (cf compound 161 table 9 

page 115 ) 	Ho,3,107, H64.28-4 Jaar  =2c/ s ,  

Hydrolysis of  cis-cis-0-carboxymuconic acid monomethil. 

ester (162) 

The monoester (162) vas hydrolised in an n,m,r, 

tube as above. Similar results were obtained except 

that the g-proton was present and in consequence also 

contributed to the spectra (see p, 37), 

P-Carboxy-e-carboxvmethy1-60-butenolide"(161) 

Cis-trans-A-carboxymuconic acid (170) (0.2g,), was 

dissolved in 90 formic acid (10m1,) and boiled under 

reflux for 30 ,,linutes. The form.ic acid was removed 

under high vacuum and the igrroduct recrystallised from 

glacial acetic acid Yield 157mg, =79 theory 

m,p, 137-188'0 lit, m,p, 137-189°C, 

	

- 	
-1 

	

(nujol) 3150cm-,' (broad), 1740cm: 	1700cm, 9 

1635Clefl  

lorgan reported this lactone as pale yellow microcrystals 

m.p. 180-182°C. 

Hydrolysis of lactone (161) 

The lactone (161) (0,40g.) was dissolved in dry 

methanol (10m1.) and sodium methox.ide (0.20g,) in filthanol 

(5m1.) was added dropwise, The solution was allowed to 

stand for 1 hour at room temperature when it was diluted 

vith water (30m1.), acidified with 0.1N hydrochloric 
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acid to congo rod and extracted into ether (5 x 50m1.), 

This gave cis-trans-p-carboxymuconic acid (170) (78mg, 

= 20 theory) m.p, 160-165°C,, mixed m.p, 160-165°C, 

The acid was reciysta1lised from ethyl acetate/methylene 

dichloride to m,p. 160-16I°C.sharp melting. 

(Found: C, 45.05; H;3.34, C71160brecuires C,45,17; 

H,3,25) 

This acid had not been analysed correctly previously. 

cf, ref. 77 and ref,79. 

))1,0x.3200cm-.1  (broad)/  1710cm-,s  (broad), 1630cm: , 1595cm. 9 

1470cm7,' , 1335cm".' , 1220cm-,t 

N.m.r, spectrum showed this was pure cis-trans-P- 

-carboxymuconic acid. This is the best method of 

preparation, 

arQarbox-carboxymethy1- 6-butenolide dime thyl  

ester (181) 

The lactone (161) (100mg,) dissolved in methanol 

(5m1.) and ether (51.al.) was treated with ethereal 

diazomethane (210mole). The solvent was removed under 

high vacuum which gave the dimethyl ester lactone (181) 

(110mg, = 96) as a colourless oil, The lactone ester 

was chromatographed on grade 3 alumina usinL; redistilled 

benzene as eluant and sublimed under high vacuum at 

5000 (2,0 x 	Fes) to a colourless semi-crystalline 

oil, 
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(Founds C,50 25; H,4.59, C4111006  renuires; C,50.47; 

H, 4.71), 

Mass spectrums moDT,cular ion m/e = 214; m/e = 183, (loss 

of -OCHI); m/e =182,(loss of CH30.11) . m/e = 141 (loss of 

CH,s02C-CH2), 

Vrnax 1770cric:1  , 1735cm, , 1640cm, 

In one preparation of the lactone ester a slight excess 

of diazomethane was used, Two compounds were 1)roduced 

7hich were separated by chromatography on grade 3 alumina 

using benzene as eluant, 

Compound 1 was a yellow oil y  

V 	1740cm, (no band at 1640cm, ). 

This was assumed to be the cyclorropane derivative 

(ref r compoun 172), 

Compound 2 was a colourless oil, having an infrared 

spectrum identical 'with the diestor lactone (181), 

Attempted preparation of trans-trans4-carboxymuconic 

acid
8 
 (183) 

The monoester (162) (0,5g,) was dissolved in 20;7Z] 

sodium hydroxide (37m1,) and boiled under reflux for 

4 hours. The solution was acidified with 1N hydrochloric 

.acid and extracted continuously with ether, The product 

was recrystallised frometivl acetate/methylene chloride 

to m,p, 135)-136°C. Yield =150mg, 

9
OCV 
(nujol) - 000cm-1  (broad) 1695crT2 (broad), (no band 
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at 1600cm71 ). 

N.m,r,: Hl( uartet)1 6.62/(2protons), J;4=1.4c/s, 

J =7,0c/s,, HA  and HA, ABquartet, fine split to four 

triplets. H42.94-6 H03.981', .10,0=15,70/s, 

This shoved the compound was trans-glutaconic acid (184) 

Trans-glutacoaic acid li-Z°m,p, 133°0, 

An n.m,r, spectrum on tho crude ether extract before 

recrystallisation showed that trans-glutaconic acid was 

the major IDroduct and that no trans-trans÷carboxy- 

-muconic acid had boon produced, 

Simila,r results were obtained from cis-trans-0- 

-carboxymuconic acid (170) 

AttomyAed preparation of trans-trans-13-carboxymuconic  

aciP(183) 

The monoester diacid (162) (lg.) was heated for 3 

hours on the steam bath with 48%;hydrobrolaic acid (10m1,), 

The solution was adjusted to pH 5 with 1N sodium 

hydro:Ade and the solution e-,-:tracted continuously with 

ether, Yield 0,52g, 

*,00( (nujol) 3200cmV (broad), 1710cm, (no band at 1600cM.2). 

N.m.r, spectrum  (D2.0 solvent, Buv 0H standard); 

7,75 (singlet); 7.27 (:uatiplet); ratio of .nrotons 

314. This suggested lacvulic acid. 

The compound cave a 2,4-dinitroi)henylhydrazone m,p. 

207°C r  (d) laevulic acid 2,4-dinitrophenylhydrazone 
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m: p, 206"-207"C, (d) mixed m.p. 206°-207°C.(d), 

The n,m.r. spectrum was identical with that of 

authentic laevulic acid, 
1,1 

Cis-cis-A-formylmuconic acid (187),(183) 

Vanillin (10a,) was suspended in a solution of 

citric acid (25.6g.) and disodium hydrogen phosphate 

(21,9g,) in water (500m1,), The mixture was cooled to 

0°C,and sodium chlorite (25g,) dissolved in water 

(125m1.) was added. Then the solution had turned pale 

yellow (10mins,) nitrogen was blown through until no 

further reaction on starch/KI paper was produced, The 

solution was extracted with ether (5 x 250m1.), the 

extract dried and evaporated under reduced pressure, 

The white crystals were filteredcdf m.p. 103Q-105°C. 

Yield = 2.8g. = 214 theory. 

,i)enax (nujol) 5350cm-,' 	1705cM-.' , 	7  1590cni,1  

This indicated the lactol form which was confirmed by 

the n.m,r, spectrum (see p,104), 

Cis-cis fl. 	acid monomethyl ester (189) 

The lactol (183) (75mg,) was dissolved in water 

(2m1,) and methanol (0,5m1,). Sodium borohydride (14mg.) 

was then added and when all the borohydride had dissolved 

the solution was acidified im-oiediately with 0,1N 

hydrochloric acid,. The sDlution was extracted with . 
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ether (4 x 20m1.) and the extract dried and evaporated 

under reduced pressure. The white crystalli.Le product 

(38mg, = 50%) had m.p, 96-97°C, after recrystallisation 

from other,lit. m.p. 98-99°C.(ex, sodium chlorite 

oxidation of vanillyl alcohol). 

-9
MOIL 

1725cm-,/  , 1640cm, , 1590cm-.' 

If the alkaline borohydride reduction solution was 

allowed to stand, when the solution was worked up, a 

second compound, insoluble in chloroform, ( m,p, 

l72-l75°C) was also produced (see below). 

Hydrolysis of & lactono ester (189) 

The S lactone ester (1.47g.) vas suspended in water 

(23m1.) and treated with 1N sodium hydroxide (8,8m1.) 

with stirring for ten minutes. The solutioa was then 

acidified with 1N sulphuric acid and the precipitated 

solid filtered off and washed with a little water. This 

gave the #S lactone acid (192) (0,25g.= 19% theory) 

177-179c. M.p. 182-186°C from water, 

\),1401  (nujol) 3100cm. (broad), 1720cm-.1  (shouldor), 

1695cm-.4  , 1640cm:I  , 1575cm-.1  

Kethylation  of the Zf lactone acid (192) 

The 	lactone acid (192) (107mg,) was dissolved in 

methanol (5m1.) and ethereal diazomethane (1 mole) was 

added, The solvent vas evaporated under reduced pressure, 

which gave the 	lactone ester (193) (110mg,=.95% theory) 
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Recrystallisation from methanol arc_ sublimation under 

high vacuum gave m.p. 118-119°C, 

(Found: 0,57,02; E,4,71, Ceis04  roquiros7 0,57.14; 

H,4„805), 

V,,c4,1780cm: (weak shoulder), 1750em-: 	1730ell (shoulder) 

1640cm -.1  , 1580cmi l  

Further  hydrolysis of .3  lactone ester (189) 

The d lactone ester (1g.) was susfended in rater 

(12m1.) and 1? sodium hydroxide (6m1,) was added, After 

standing for 30 minutes a further 1 mole (6m1 .) of base 

was added. The solution was kept at room temperature for 

2.4 hours and then acidified with 1N hydrochloric acid. 

The solution was extracted with ether (4 x 25m1.) which 

on evaporation gaze the lactone acid (194) (80mg, =13%) 

m.p. 170-200*C. 

The product was recrystallised from ethyl acetate to 

m.p. 194-196C, 

A sarn,1:) of this & lactone (194) (20mg,) was 

methylated with a slight excess of ethereal diazemothanc, 

The solvent was evaporated under reduced pressure 

giving a ciTstalline "„roduct, 

1640cm-,1  , 1605cm-,1  

N.m.r. spectrum sho7ed this to be the .-lactone mono-

ester (194) this was not characterised further, 
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Tiydrelysis of S-lactene  ester (1)3) followed by n.M.r.  

The S-lactone ester (52m,) was dissolved in a 

mixture of deuterium oxide and acetonitrile in an n,m,r, 

tube and the spectrum taken. Potassium tort,-butoxide 

(55ag., 1 mole) was then added and the spectrum taken 

immediately. The results are discussed on p,107. 

A further 1 mol, (35mg.) of potassium tort,-butoxide 

was then added and the solution allowed to stand for 2L 

hours. The n.m.r. spectrum was very badly resolved,the 

main features being a singlet at 3.95'y and a singlet at 

5.5911(-CH-0-D). Similar results wore obtained if the 

hydrolysis was carried out in water and tho n.m r, 

spectrum taken on the disodium salt obtained by freeze 

drying. 

Hydrolysis of the 71 lactonc acid (192) 

The zflactone acid (192) (200mg,) was suspended in 

rater (5,6m1) and titrated against 1N sodium hydroxide 

using phenolphthalein as indicator (2.4m1„ 2mole added). 

The solution was allowed to stand for 24 hours and then 

was acidified with 1N sulphuric acid. The solution 

was saturated with sodium chloride mad extracted with 

ethyl acetate (5 x 25m1.). The extract was dried and 

evaporated under reduced. pressure. (Yield = 132mg, "665.). 

The product was dissolved in methanol (5m1.) and treated 

with a slight excess of ethereal diazolilethano. The solvent 
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was evaporated giving a pale yellow oily product, Thin 

layer chromatography on silica gel GF2.54showed one major 

spot R; 0,50 and a lessor spot 4 0,13, 

Thick layer chromatography oh silica gel GE:154_with 

repeated elution with chloroform gave good separation. 

The two bands were extracted with methanol and n.m.r. 

spectra taken, 

The faster running band was shown to be a mixture of 

the two lactono esters (193) and (197), the methylene 

protons of the p-oxumethyl group appearing at 4.751r 

and )4-131,rospectively in the ratio 7:16.. 

The slower running band had 13„4 3400cm-.1  , 1710cm 1 2 

1640cm:I  , 1610cmiV , 1445cm:1 , 1290cm:/ , 1160cm:'  

An n.m,r, spectrum identified this compound as the 

cis-trans  diestor alcohol (198) m,p,103-10446.0. 

Cis-trans-A-hydroxymethylmuconic acid dimothyl ester (198) 

The S lactono ester (133) (200mg.) was dissolved in 

5N sodium hydroxide solution (5m1.) and allowed to stand 

at room temperature for 3 hours. The solution was 

aci6ified with 51T sulphuric acid with coolin3- . The 

solution was saturated with sodium chloride and extracted 

with otor (5 x 25m1.) and ethYlacetate (5 x 25m1,), The 

e:Ltracts wore dried and evaporated under reduced pressure, 

The product was dissolved in methanol (5m1,) and treated 
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with a slip ht excessof ethereal diazomethano, 

Dvaporation of the solvent chromatogra.ohy of the mixture 

on silica gel M,F.C. (10g.) gave the diostor alcohol 

(198) (102mg.--- 43;;~ theory), m.p. 103-104°C. 

(Pound: 0,54.2; H,5.8; Q4H12.95.re.quires C, 54.0;H,6,0;'.).. 
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