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SUMMARV 

The conditions required for the qualitative and quantitative methylation of 
saturated and unsaturated aliphatic and aromatic polybasic acids with diazomethane 
were studied. The presence of side reactions of maleic, fumaric and itaconic acids at 
room temperature was confirmed. The extent of these reactions depends on the temper- 
ature of the medium; at -Go”, methylation predominated over the side reactions. 
It was found to be advantageous to replace diethyl ether by dioxan as the solvent for 
both sample and reagent for the quantitative methylation of aliphatic saturated 
and aromatic acids. 

INTRODUCTION 

The gas chromatography of free polybasic organic acids, with the exception 
of some lower dibasic acids, is possible only after their transformation into more 
volatile, less polar derivatives. For this purpose, esterification with diazomethane 
(DAM) has been used, in addition to other methods, for many years, and is charac- 
terized by its simplicity and speed. Although this method is completely successful 
for the diazomethylation of monobasic acids, the derivatization of some unsaturated 
dibasic acids is accompanied by undesirable side reactions. Our intention was to 
investigate the behaviour of selected dibcasic acids that are used in the synthesis of 
polyesters and in the curing of epoxides. 

The diazomethylation of free carboxylic groups is currently carried out by 
the introduction of gaseous DAM192 or by the addition of DAM solution in ether to 
an ethereal solution of the sample 394. The former is the more effective methodl. The 
reaction proceeds at room temperature, or at o”, and requires only a short period of 
time; the rate of methylation can be increased by adding various catalysts, such as 
methanol or water’ or alkaline hydroxides or by irradiation with UV light3. The main 
advantage of this method is, however, that the products do not need to be isolated. 

The problem of diazomethylation of most organic acids consists in the prep- 
aration of the reagent itself. The commercial solutions of DAM in ether are not 
sufficiently stable and therefore the laboratory preparation of fresh reagent by the 
decomposition of certain compounds is recommended. 

Gaseous DAM can be generated from nitrosomethylurea (NMU)2* &a or from 
N-methyl-N-nitroso-$-toluenesulphonamide (NT%)** 7v8 by decomposition with 
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alkaline hydroxides. NMU can be prepared by the saturation of methylurea with 
the reaction products of nitrous acid and arsenic”, or by the reaction of urea, methyl- 
amine and sodium nitritc0. NTSA is prepared from methylamine and sodium nitrite 
by reaction with $-toluenesulphonyl chloride7; a commercial product is also available. 

The side reactions that accompany diazomethylation are undesirable, e.g., the 
production of polymers and the addition of DAM to double bonds. Polymer formation 
has been described by some workers2s0q la. MOKRISON et &lo analyzed the polymer 
formed during the diazomethylation of higher fatty acids and found the presence 
of 54.4 y0 C, 6.4 o/o H, 38.0 o/o 0 and less than I oh N. It is the predominating opinion 
that the polymer formed is polymethylene. In order to prevent the formation of 
polymer, BART~cI-I et al.” recommended the use of a reaction temperature of o” ; the 
losses of DAM are simultaneously decreased. SCWLENIC AND GELLERMAN~ suggested 
that the amount of polymer formed is a function of the reaction time; they therefore 
recommend the use of a catalytic acceleration of the methylation reaction by the 
addition of methanol. a- 

The reaction of DAM with olefins and unsaturated acids has been described 
in various publications. WHITMORE I1 described the origin of pyrazoline derivatives 
from maleic and fumaric acids. KARRER~~ suggested that the pyrazoline derivatives 
lose nitrogen by heating to form cyclopropane-x,2-dicarbosylic acids: 

cw-coow 

LOOH + 3Ci-i2Ng - fNA, CH- coocwj 270’ ,cw-coocl-lj 

\ ,=w -coOC:HJ - -N2 CM< I 
CM2 

Cl-l- COOCHJ 

HARMON AND DOELLE~~ assumed that 4,5-dicarboxymethylpyrazoline is formed 
from fumaric acid in order to explain the very long elution time of dimethyl fumarate 
as found by LUKE et al. 14, The reaction of DAM with maleic acid can also be used for 
the microsynthesis of 4,5-dicarboxymethylpyrazolines. 

FRANC-NEUMANN” studied the addition of diazopropane to triple bonds during 
the reaction with the dimethyl ester of acetylenedicarboxylic acid. The formation of 
3,4-bis(methoxycarbonyl)-s,s-dimethylpyrazoline (I) was suggested, which leads 
photochemically to ~,~-bis(metl~oxycarbonyl)-4,4,8,8-tetrametl~yl-~,~,6,~-tetraa~a- 
bicyclo[3,S,o]octa-z,6-diene (II) and by heating at 270~ to products represented 
by formula (III). 
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The addition of DAM to double bonds is a characteristic reaction of dibasic 
acids; it was not observed with monobasic acid& 2~ 10. Thus, SCHLENK AND GELLER- 
MAN~ found no activity after the reaction of ethyl esters of C1o&ls fatty acids with 
14C-labelled DAM and after their chromatographic separation. The IR spectrum of 
soya-bean oil:reacted with DAM did not show any changes that would indicate the 
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presence of pyrazolinc derivatives or cyclopropane structures, and ORD AND BAMFORD~ 

did not observe the formation of cyclopropane rings or &-lrn~ isomerization when 
phosphatidic fatty acids reacted with DAM, after their TLC separation and UV 
detection. Equally, the results obtained by VORBECK et nZ.la in the methylation of 
oleic and. linoleic acids by comparing theoretical and practical yields were 
negative. All the investigated methods of derivatization (DAM, esterification with 
methanol in the presence of HCl, l3F, or ion exchanger) led to the same theoretically 
predicted results. 

From the given survey, it follows that diazomethylation represents a conven- 
ient and effective method for the derivatization of mouobasic and saturated dibasic 
acids. The methylation of unsaturated dibasic acids is, however, problematic and 
requires additional investigation. 

EXPERIMENTAL 

Gas cirronznto,gra~lt,vzy 
The gas chromatograph used was a Carlo Erba Fractovap P-AID/f instrument 

provided with a flame ionization detector and a linear temperature programmer. 
A stainless-steel column, So cm long and 5 mm I.D., was used, containing 0.1 “/o 
mised phase (Go o/o polyethylene glycol succinate and 40 o/o Carbowas 2oM) on o.zo- 
0.25 mm glass beads treated with HI? (ref. 17). The column temperature was pro- 
grammed from 70 to 120~ at 4.s”/min, and the inlet pressure of the carrier gas 
(nitrogen) was 0.2 lip/cIl12. 

Reagents 
All chemicals, obtained from Lachema or Chemapol, were of reagent grade 

and were used without further purification, except for diosan. Dioxan was refluxed 
with aqueous I N HCl, shaken with dilute HOW, refluxed with metallic sodium and 
distilled through a r-m column. 

Pre$aration of DAM 
The preparation of DAM was carried out by a modified method of SCHLENK 

AND GELLERMAN~, comprising the decomposition of NTSA with KOH. For this 
purpose we used two solutions, one containing 0.7 g of NTSA in 5 ml of diethyl ether 
or dioxan and the other IO g of KOH in IO ml of distilled water and 20 ml of methanol. 

stod? sozut~ons 

The stock solutions of individual acids were prepared by dissolving IOO mg of 
sample in 2 ml of methanol containing IOO ,ul of diphenylmethane as the internal 
standard, Then 10 c&l of these solutions, after dilution with 30 ~1 of ether or dioxan, 
were saturated with DAM, The reactions were carried out at room temperature, at 
o” (cooling, with ice-water) and at -Go o (cooling with solid CO,), The excess of DAM 
was expelled with a stream of nitrogen at the reaction temperature until the solutions 
were colourless. 

The standard methyl esters of the selected acids were prepared by heating 
IOO mg of the free acid with 300 ,ul of methanol containing 2 y. H,SO, for 2 11 at Go” 

in a sealed ampoule. After cooling and diluting with water, the esters were separated 

by extraction with qz-hexane. 
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RESULTS AND DISCUSSIOX 

We prepared and annlyzed the products of diaxonwthylation of the following 
polybasic acids ; succinic, nmleic, fumaric, itaconic, adipic, sebacic, o-, iso- and tere- 
pl~timlic, tctrall~drophtl~nlic nncl trhellitic. The products of ail these acids, esccpt 
for maleic, futnaric and itaconic, appeared on the chronmtograrns as single well 
defined peaks, and elution times agreed well wit11 the elution tinlcs of corresponding 
standards. Moreover, elution time is indepcnd.ent of the diazomethylation conditions. 

Msleic, funta,ric and itaconic acicls, lmvever, gave CL nunnl~er of peaks according 
to tile diazolnctllyl~tion temperature usecl, The results for relative cl&ion times and 
rclntivc pe2l c c areas as a function of the reaction temperature are summarized in 
Table I. Tile cllromatographic spectra are si~~wn in Figs. r-3. 

On the basis of these results, one can assume that in the course of the diazo- 
rnethylaticm of unsatumted aliphatic dihsic acids with ;I clouble bond conjugated 
wit11 at least one carbosylic group, side proclucts arise ns SIKWII by the number of 
peaks on the clironiatogran~. 

The absolute magnitudes of tlie individual peaks depend. on the temperature 
ancl the arrangement of the injection port. Inserting a glass-wool plug into this port 
favours tile appearmce of peaks of side products. The nm.sinn.m peak height wns 
obtained at injection port temperatures above zoo”. 

The relative peak ratio.) of indiviclunl acids varies with tlw diair.olnctllylntioll 
temperature. On hvering tlic tempcraturc, tile magnitude of the peaks of products 
of side reactions decreases ancl tlmt of the nwtllyl ester peaks increases. At --Go”, 
the peaks of the metllyl esters prcdominnte, which inclicatcs that the side reactions 
axe suprcssed to a n~ininzum without aclversel>f affecting the esterification reactions. 

Altl~ough maleic and fumaric acids differ in the elution times of their methyl 

Acid J'l?Uk 

No. tn _-_-_._-_ ___-__--.-_.- ._._. _- .._.._. -- 
~IitlCic 1 0.30 

2 0.37 
3” 004-t 
4 0.08 

l.?itmaric 1” 0.30 
z 0.37 
3 0044 
4 o,W 

Itnconic I ” 0.4G 
2 0.5s 
3 0.63 
4 0.71 

n Corrcsponcling nmthyl cstcrs. 
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esters, their side products give identical cllronlato~lapllic spectra, indicating that 
cis-trnus isomerization occurs, 

As the small amounts of methyl esters that are found during dias).ometllylation 
at room temperature could be due to their vohtilizntion during the bubbling of nitro- 
gen enriched with DAM through the ethereal solution of the sample, we compared the 
yields of the methyl esters of maleic ancl succinic acid. We found that tllc methyl 
ester formed by malcic acid is only c?. sma,ll proportion of that given by succinic acid. 
That means tllnt volatilization is not the main reason for the low yield of metllyl 
esters of unsaturated acids. 
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IFig. I. f_:llromatogrntn of clcriviLtiZ~tiOl1 products of 1llillciC iLCiCI :Lt \xrious cli~l~oIllctll~li~ticlrl 
tc~npcmturcs (I = 22”: It = o”: III: = --(iO”). ~otlc~iticms i1S dcscribctl ill ISSIyI:RIXII~Nl’~\l, section. 
\‘npourizer tcinpwnturc, 200~. PCELli X0. 3 rcprcscnts the corrcspnncliii~ iiictli~l cstcr, the other 
pwl~s tlic proclucts of sitlc rcactious. 

IFig. 2. Cliromntogram of clcri\*utizatioli products of fumaric iKit itt \xrious cliaszomctllylrti~~i 
tclllpcriL.tLlrcs. Conclitiow iLS in I;iK. I. I’CiLIC No. I rcprcscnts tlic cwrcsponclin~ nlcthyl cstcr. 
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Fig. 3. Chromatogram of clcrivsLtization products of itaconic acid at various cliazomothylntiou 
temperatures. Conditions as in Pig. I, Pcalc No. I rcprcscnts the corresponclirlg methyl cstcr. 
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On the basis of the information acquired, it appears tllat during dianometllyl- 
ation. at temperatures higlier tllan ---ho, side reactions take place that lead to the 
formation of tl~ermolal~ile products, whicll partly decompose in the flush heater of 
the gas chromatograph. Maleic and fumaric acids thus produce cis- and hwns-3,4- or 
4,5-bis(~~~etl~osycarbonyl)pyrazoline, wllich decompose to the corresponding 1,s 

cyclopropane derivatives with the same proportions of cis and t~n~ls isomers. Under 
the same conditions, itnconic acid gives 3-~uetl~yll~is(metl~osycarbonyl)l~yrazoline 
and after decornposi t ion the dimethyl ester of 3-met 11 ylene-x, r-cyclol~ropanecarbos- 
ylic acid. 

It is interesting that under no conditions \vere ww able to obtain n peak of a. 
pyrazoline derivative on the chroru~tc)granl. Therefore, it can be assumed that 
another reaction mechanism also occui s, giving less volntile proclucts, sucli RS poly- 
mers. M’itll malcic and fumnric acids, the following equation cnn lx taken into 
considerat ion : 

The side reactions that 
cooling the reaction mixture 

occur during cliazo~~letllylntion can be prohibited by 
to --Go” with solid CO, and removin’g the escess of ___ _ 

DAM by bubllling nitrogen tlirougli the solution at the same temperature. Tile rate 
of tile mcthylation itself is not decreased signilicantly under tllese conditions. 

During tile determination of the yields of tile metllyl esters of aliphatic sat- 
urated and aromatic dibasic acicls, \vc found that for quantitative purposes it is 
advantageous to replace diethyl etller by diosan as the solvent for both sample and 
reagent. This follows also from Table 11, which gives tile results of bul~l~ling DAM 

‘I. 1~iCr.A = climetllyl aclipatc ; 13hll: P = 
isophthalic acid. 

climctliyl isoplltllal;Ltc: )\A = aclipic acicl; .I:P.&\ = 
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through the ethereal solutions of either free adipic and isopl~tllalic acids or their 
Inethyl esters. These acids mare cl~xm~ for tlleir importance in the production of 
elect rim1 insulnt ing enanwls. 

It is evident that during the reaction in diethyl ether, losses in the dimcthyl 
esters and Iloll-cluLzntitative metllylation occur, wllercas the tcmperaturc has little 
effect. On replacing dietllyl etiler by diosm, tllc tl~eorctic~~l value ( IOO (J/00) lies within 
the experimental confidence interval of the results, cnlculntcd from six parallel 
cletermir~ations. The probable relative error is small cnmgli a1ic1 does not escecd tllc 
limits that we currently used in gas clIronlntograplly. 

The use of diosan as a solvent for NTSA is i~lso advantageous in that it lms 
good miscibility with ~vntcr and nletlmnol (solvent for ICOW in tile preparation of 
DAM). The good mising of hot11 rcngents results in a l~cmwgencous solution, providing 
more intensive gencrntion of D.%‘U. ‘I’lw reaction time is tllus shortened and the extent 
of the side reactions is decreased. 

However, because of tile compnrativel~* high melting point of diosnrz, it is not 
a, suitable solvent for tile dinzo~l~ethylatio~l of unsaturated alipllatic dibasic acids, 
where t lie derivatizat ion takes place nt -60”. In tllis c;wc, tllc use of metllanol as 
the solvent is more preferable. 

The author would like to tllank Miss I-1. S&k.MovL for ller tccl~nicnl assistnnce. 


