Derivatization of Carboxylic Acids with Diazomethane and Trimethylsilyldiazomethane: Convenient
Methods and Artifacts
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1.0. Introduction

We frequently employ diazoalkanes such as diazomethane and trimethylsilyldiazomethane for the
derivatization of carboxylic acids. The resulting methyl esters are ideal derivatives for the characterization
of carboxylic acids. They are easily characterized by gas chromatography (GC) and readily identified by
either interpretation or computer searching of their electron impact (EI) mass spectra.

Diazomethane reacts instantaneously with carboxylic acids to yield methyl esters and forms few by-

products.
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However, it must be prepared from a precursor and care must be taken in handling this very reactive
reagent.
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Trimethylsilyldiazomethane reacts much slower than diazomethane with carboxylic acids and yields
somewhat higher concentrations of by-products (artifacts).
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However, it is much more convenient to employ than diazomethane since it is more stable and can be
purchased commercially in organic solvents such as hexane. The mechanism was determined employing a
deuterium-labeling study.*?

Both diazoalkane reagents convert carboxylic acids to methyl esters in high yields. However, other
functional groups will also derivatize at slower rates to yield one or multiple derivatives. We refer to these
undesirable or unexpected derivatives (by-products) as artifacts. In addition, these reagents can react with
solvents and/or analytes to yield artifacts. Often the formation of artifacts is accelerated by other
components found in crude samples.

The presence of multiple peaks or artifacts in the gas chromatographic analysis of mixtures leads to
confusion about the concentration of a component or the number of components present in a sample. Thus,
the identification of these components by gas chromatography-mass spectrometry (GC-MS) is critical.

This report includes the types of artifacts identified in our laboratory by GC-MS and references to those
found in the literature. Many times reaction conditions can be modified to avoid artifact formation.

2.0. Experimental
2.1 Gas Chromatography and Gas Chromatography-Mass Spectrometry
The amount of artifact formation was checked by either gas chromatography/mass spectrometry or gas
chromatography with a flame ionization detector. Standards were not available for the majority of the
artifacts, so their concentrations were estimated by response factors of similar compounds.
2.2 Preparation of Diazomethane in Larger Quantities Using Distillation

There are many different methods and reagents used to prepare diazomethane.™® Our initial

derivatization work employed a distillation method that produced a diethyl ether solution of diazomethane.
This method is more appropriate for organic synthesis than for derivatization of samples for analytical



needs such as gas chromatography (GC) and GC-MS (gas chromatography-mass spectrometry). The
details of this method can be found in the literature. % ?°

2.3. Preparation of Diazomethane and Diazomethane-C13 in Smaller Quantities Using Nitrogen

Since we don’t need large quantities of diazomethane, we have switched to a method more consistent with our
analytical derivitization needs. Our method is very similar to that employed by Schlenk and Gellerman,*
Walker et a.l,*® and Cohen.”

Diazomethane labeling experiments were performed by generating **C-labelled diazomethane. The
method uses N-methyl-*3C labeled analogue of Diazald (Aldrich Chemical Company) as a precursor.

2.4. Derivatization of Samples with Trimethylsilyldiazomethane Solution

Trimethysilyldiazomethane is considered to be a stable and safe substitute for diazomethane. Aldrich
lists the material sold as a 2.0 M solution in hexane as an irritant and neurological hazard.

A literature reference outlines the following process® for the conversion of a carboxylic acid to its
methyl ester. The carboxylic acid (1 millimole) is stirred in methanol (2 ml) and benzene (7 ml). 1.3
millimoles of trimethylsilyldiazomethane in 1 ml of benzene are added at room temperature. The mixture
is stirred for 30 minutes at room temperature and the solvent is removed as needed to concentrate the
resulting methyl esters. One reference® suggests quenching the excess trimethylsilyldiazomethane with
acetic acid. Another method was described for the N-methylation of aromatic sulfonamides that required
the addition of phosphoric acid in acetone.**

We normally employ N,N-dimethylformamide (DMF) for the reactions. DMF is very good for
dissolving a wide variety of aromatic carboxylic acids, which are not readily soluble in solvents such as
methanol, methylene chloride, toluene, diethyl ether, etc.

3.0. Results and Discussion
3.1. Diazomethane Reaction Mechanism

Diazomethane is an ideal derivatization reagent. The reaction is fast, the yield is high, side reactions are
minimal, the by-product is nitrogen gas, and reaction conditions are very mild. Diazomethane is a yellow
gas so the progress of the reaction can easily be followed. The reaction for the conversion of carboxylic
acids to methyl esters is outlined below:
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Two of the protons in the resulting methyl ester originate from the diazomethane. The other one is the
“donated” acidic proton from the carboxylic acid.

Diazomethane will also react with compounds containing less acidic protons including phenols,
alcohols, enols, and heteroatoms. There are several excellent reviews of the chemistry of diazomethane®
and its use as a reagent for analytical derivatizations.*” Diazomethane is quite safe when handled as a



dilute solution in an inert solvent. However, all users of the reagent should be aware that it is highly toxic
and can be explosive if handled improperly!

3.2. Artifacts Formed from Diazomethane

The majority of the observed artifacts (by-products) noted in this paper arise from known reactions of
diazomethane® Diazomethane will react with a wide variety of functional groups under the proper
conditions. Many of these reactions require the addition of catalyst or long reaction times to occur in high
yields. In addition, we have noted much higher concentrations of artifacts in crude samples.

We have only discussed some of the more common artifacts noted in our laboratory and in literature
references. The review by Pizey' discussing methylation, additions, homologation, and miscellaneous
reactions employing diazomethane is especially useful in identifying artifacts.

3.2.a. Artifacts from Reaction of Diazomethane with Ketones and Aldehydes

Ketones and aldehydes form undesirable artifacts with diazomethane by methylene insertion to yield
epoxides or ketones as follows:
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However, most of these types of reactions occur at much longer reaction times compared to the conversion
of carboxylic acids to methyl esters. Several benzophenone and acetophenone model compounds dissolved
in DMF showed <0.1% conversion to artifacts in a minute of exposure to a slight excess of diazomethane.
However, the aldehydes were much more reactive yielding about a 6% concentration of ketone and epoxide
artifacts under identical reaction conditions.

For example, Compound 1 was converted to the following artifacts when exposed to a slight excess of
diazomethane for 1 minute.
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Compound 4 can also react with more diazomethane to give additional artifacts, but at a much slower
rate than conversion of carboxylic acids to methyl esters. The structures for Artifacts 3 and 4 were



confirmed by proton NMR analyses of a sample exposed to diazomethane at room temperature for 45
minutes. The electron impact mass spectra of Artifacts 3 and 4 are shown in Figure 1.

Our initial derivatization reactions added a DMF solution of the aldehyde to an ether solution of
diazomethane. The reverse addition of the diazomethane to the DMF solution shows much lower
concentrations of artifacts. The artifacts are reduced in the latter case because it minimized the presence of
excess diazomethane in the reaction mixture at the start of the derivatization reaction.

The use of diazomethane-"*C can be useful in determining if acetophenones or epoxides are actually
present in a sample of the corresponding aldehyde. For example, our sample of Compound 5 was checked
for the presence of the corresponding ketone or epoxide by this method. All the epoxide and ketone,
Compounds 3 and 4, detected were found to originate from artifact formation and not from impurities
present in the starting material.
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Compound 3 was noted to further react with acetic acid to give Artifacts 5 and 6. Acetic acid is used in
our procedure to quench excess diazomethane forming methyl acetate as a by-product.
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Others have reported that fluorenones can react with diazomethane to yield the artifacts noted below:

0O
) OH
apk -~
ﬁ —~——
7

/ (5%)
CH2N2

11-13



-0
OMe

8

(30%) 9 2
(1.5%)

The methyl ether artifact, Compound 8, is noted because the initially formed ketone artifact, Compound 7,
is more stable in its enol-form. The enol is then rapidly converted to its methyl ether by the reaction with
an additional mole of diazomethane. The authors offered no explanation for the mechanism of ether
artifact, Compound 9.

No significant concentrations of fluorenone artifacts were noted under our short reaction conditions and
small excess concentrations of diazomethane. The high yields of artifacts noted in the literature® for
fluorenones were obtained with reaction times of 30 minutes to a day.

Bibenzils can form a wide variety of artifacts.** We noted under our reaction conditions that Compound
10 formed about 81% of Artifact 11 with the remaining accounted for by starting material. This result was

also confirmed by proton NMR data. The electron impact mass spectra of Compounds 10 and 11 are shown
in Figure 2.
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No significant concentrations of the other anticipated artifacts™* shown below were observed.
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Ketones and some B-keto-aldehydes with a-protons that can readily enolize can form the methyl enol
ether. For example, ethyl acetoacetate gave mainly the enol ether, Compound 12, with the epoxide as the
minor product:
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We have not compared the rate of enol-ether formation to that of the conversion of carboxylic acids to
methyl esters.

3.2.b. Artifacts from Reaction of Diazomethane with Alcohols
Usually alcohols are converted to their methyl ethers in high yields by employing Lewis acid catalysts
such as BF5 in an appropriate solvent. Some reports'®*” have noted the conversion of alcohols containing

electronegative groups to their methyl ethers by employing aliphatic hydrocarbons as solvents. Employing
our standard reaction conditions in DMF, only small amounts of the methyl ether were noted.

1 min
room temperature

(99.9%) (0.1%)
3.2.c. Artifacts from Reaction of Diazomethane with Phenols
Phenols can readily be derivatized"® when a Lewis acid catalyst is employed with diazomethane.
Without the catalyst, the rate of conversion of a phenolic group to its methyl ether can vary drastically. We

tested the derivatization of several phenols with very short reaction times and the yields are noted in
parenthesis below:

(o) OH (0] OMe (0] OMe
é — 5 5
e +
OH OH OMe

(97%) (3%)



0 OH Os_ ~OMe o OMe

CH,N,
- +
Br Br Br

OH OH OMe

13 (0%) (100%)
OH 0 OH O OMe O

OH CH,N, OMe OMe
—_— +

Br Br Br
14 (100%) (0%)

Our results were as expected. The phenolic group in Compound 13 reacts with diazomethane because
the presence of the ortho-bromine group increases its acidity. Compound 14, which contains a bromine in
conjugation with the phenol, showed no reaction. This is expected because studies have shown?** that the
rate of methyl ether formation is very slow when the phenolic hydrogen can form an intramolecular
hydrogen bond with an adjacent carbonyl group.

Two different approaches can be used to avoid multiple components due to incomplete conversion of
phenols to their corresponding methyl ethers. The first is to derivatize the phenol in diethyl ether
containing BFs, which converts the phenol to its methyl ether in high yields. The second is to cool the
reaction mixture to below 0 °C and minimize reaction times to minimize ether formation.**? Solutions of
diazomethane should not be frozen since they can become shock sensitive and explode.

3.2.d. Artifacts from Reaction of Diazomethane with Solvents

Diazomethane reactions can be performed in a variety of solvents. Typical solvents include methylene
chloride, dioxane, diethyl ether, toluene, xylene, benzene, hydrocarbons, and diethyl ether/methanol.
However, many organic acids are insoluble in these solvents, and thus, their rate of conversion to methyl
esters is very low. We have tried two polar solvents, N, N-dimethylformamide (DMF) and
dimethylsulfoxide (DMSQ) which increases the solubility of many acids. DMF worked very well with
only small concentrations of artifacts noted. However, DMSO formed relatively high concentrations of
artifacts. A few literature references reporting using DMSO as a solvent, but no artifact formation was
mentioned.”%

DMSO forms methylthiomethyl ester artifacts. For example, the reaction products of benzoic acid
dissolved in DMSO and reacted with diazomethane are shown below:
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The methylthiomethyl group in Compound 15 could have come totally from the DMSO or could have
incorporated the methylene group from the diazomethane. The origin of the artifact was probed by
substituting DMSO-d6 for DMSO in the reaction. The formation of Compound 15a demonstrated that the
methylene and methyl groups in the methylthiomethyl group are obtained entirely from the DMSO and
none from the diazomethane. The mass spectrum of the methylthiomethyl ester of benzoic acid is shown in

Figure 3.
)
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Several other by-products from the reaction were identified as dimethyl disulfide (MW 94) and 1-

methylthio-1-methylmethane (MW 92). We didn’t scan the mass spectrometer low enough to detect
methanol.

Our results are consistent with the formation of the methylthiomethy! ester artifacts by a mechanism?®*
similar to a Pummerer-type reaction.
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There were also some minor artifacts noted when using DMF as the solvent for diazomethane reactions.
The DMF artifacts appeared to be formaldehyde type oligomers. Their electron impact spectra typically

showed ions at m/z 45, 61, 75, 89, 91, 105, 119, 121, 135, 149, etc. They were tentatively identified as the
following structures:
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The molecular weights and formulae were determined?’ by accurate mass ammonia chemical ionization
data and consistent with the proposed structures. The ammonia chemical ionization data showed primarily
M + NH4 ions for all the components. In addition, the quasi-molecular ions showed subsequent neutral
losses of several molecules of formaldehyde.

The concentrations of these impurities varied significantly from sample to sample even though the
temperatures, reaction times, quality of solvents employed were controlled. The exact mechanism for the
formation of these artifacts is unknown, but it is suspected to be related to the DMF since many of them are
thought to be formate esters. Isotopic labeling would be very useful in understanding the mechanism for
their formation and possible devising methods for controlling their formation.

We have never employed THF (tetrahydrofuran) as a solvent for derivatization reactions. However, it is
employed as a solvent in the preparation of the diazomethane. Some of this THF is purged with nitrogen
into our samples during the derivatization procedure. We have noted that the artifact is formed at about the
500-1000 ppm-level relative to acid being derivatized. For example, the derivatization of Sorbic Acid
yielded the following components plus smaller concentrations of other artifacts.
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The structure of the impurity was confirmed by substituting THF-dg for THF to give the following
compound.

0
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The mass spectra of the deuterated and undeuterated artifacts are shown in Figure 4. A literature
reference® notes a similar type reaction to yield a methoxybutyl enol ether by the reaction of diazomethane
with a substituted 1,3-indandione in the presence of THF.

3.2.e. Artifacts from Reaction of Diazomethane with Alkenes
A wide variety of alkenes can add diazomethane to yield pyrazolines, cyclopropane, or C-methyl

artifacts.® For example, Sorbic Acid dissolved in DMF and reacted with diazomethane for 1 minute gave
the following artifacts at a concentration between 50-100 ppm:*

10
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The electron impact mass spectrum of the pyrazoline artifact of Sorbic Acid is shown in Figure 5.

It is very useful to run derivatization reactions with excess diazomethane for 45-60 minutes instead of
the normal 1-minute reaction time. The changing profile makes it easy to detect artifacts and to identify
them. In the Sorbic Acid derivatization reaction, an internal standard, decanoic acid, was added to the
Sorbic Acid sample at the 100 ppm-level. The decanoic acid forms methyl decanoate quickly and does not
form any artifacts in this time frame, and thus its concentration is constant. It was then easy to see which
components were decreasing or increasing versus time.

3.2.f. Artifact from Reaction of Solvent with Diazomethane Precursor

Several trace-level components were noted as artifacts in the derivatization of samples. One artifact was
identified by its mass spectrum and accurate mass ammonia chemical ionization data®’ as:
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Apparently it is formed by the reaction of one of one of the solvents, 2-(2-ethoxyethoxy)ethanol, and the
Diazald by-product in our diazomethane preparation. It must somehow be entrained in the ether distillation
step in the production of diazomethane.

3.2.9. Artifact from Reaction of Diazomethane with Amino Acids

Amino acids were shown to form artifacts with diazomethane. Both N-methyl and N,N-dimethyl artifacts
were observed.*

3.3. Trimethylsilyldiazomethane Reaction Mechanism

11



Trimethylsilyldiazomethane is a convenient substitute for diazomethane since it can be purchased
commercially and is much safer to use than diazomethane. Trimethylsilyldiazomethane is a greenish-
yellow liquid, which is stable in a hydrocarbon solution.® and in pure form. However, the conversion of
carboxylic acids to methyl esters with this reagent requires around 30 minutes. In addition, we have noted
more chemical noise originating from the hydrocarbon reagent solution, reaction by-products, and artifacts
formed from undesirable side reactions. Nevertheless, we have successfully substituted it many times in
derivatization reactions previously employing diazomethane.

The reaction of trimethylsilyldiazomethane with carboxylic acids is proposed®** to occur by a
significantly different reaction mechanism than that of diazomethane with carboxylic acids. The reaction
must have methanol present to get good yields of the desired methyl ester.

CH
0 [P O CH
JL + H,C—Si—CH-N—N - . + 3
R OH \ NSN-C S|*CH
Tr|methy5|lyld|azomethane
CH,OH /
O
. ?
) H,C-N=N
R O 3 AN + N
——> R 0 CH A
+ C‘IH3
HBC—O—?i—CH3 * <‘3H3
CH3 HSC*O*S‘|*CH3
CH

3

One of the protons in the resulting methyl ester originates from the diazomethane, one from methanol, and
the remaining one is the “donated” acidic proton from the carboxylic acid.

3.4. Artifacts from Trimethysilyldiazomethane Reagent

Many of the types of artifacts noted with diazomethane should also be formed with
trimethylsilyldiazomethane. We have not used trimethylsilyldiazomethane as frequently as we have
diazomethane, so the artifacts noted to date will be somewhat limited.

3.4.a. Formation of Trimethylsilyl and Trimethylsilylmethyl Ester Artifacts

The methanol in the reaction suppresses the following mechanism:*

12
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However, the acid to derivatize can “donate” two protons to form the methyl ester, the trimethylsilyl, and
the trimethylsilylmethyl ester of the acid being derivatized. Figures 6 and 7 show the electron impact mass
spectra of three trimethylsilymethyl ester artifacts formed by this mechanism.

3.4.b. Other Artifacts Containing Trimethylsilylmethyl Groups
Many of the artifacts noted with diazomethane can also be observed with trimethylsilyldiazomethane.

In contrast, many of them can also include the trimethylsilyl group. For example,
trimethylsilyldiazomethane was noted to undergo a 1,3-dipolar addition with acrylonitrile:®

T -« | i
— : — N
+ Qi N =
— ~—N H,C—Si—CH N—N . g N
CH, / /
——N
/

The resulting material was extremely unstable to hydrolysis by atmospheric moisture. Other Similar
reactions were noted with other substrates, but the products could not be isolated and many polymerized.®

Trimethylsilyldiazomethane was noted to add to cyclohexene in the presence of copper (1) chloride to
yield two isomers (syn and anti):*

o

o
+ HC—Si—CH-N=N AN
CH H

3

Trimethylsilyldiazomethane was also noted to decompose® in the copper (1) chloride reaction to yield
two isomeric cyclopropanes whose structure was confirmed by proton-NMR data.

13
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We have noted an artifact in our reactions (only one isomer) that could be one of these compounds. Its El
spectrum is shown in Figure 7.

Two components were noted from the dimerization of trimethylsilyldiazomethane:

3.4.c. Presence of Phenol and Phenol Derivatives in Trimethylsilyldiazomethane in Hexane Reagent

The trimethylsilyldiazomethane (in hexane) reagent purchased from Aldrich includes phenol. Aldrich
would not reveal their method of synthesis, but indicated that the phenol was a by-product from the
synthesis. The phenol was noted in all samples and varying amounts of the trimethylsilyl phenyl ether and
methyl phenyl ether. Aldrich could be using a synthesis employing a phenyl phosphate ester. Another
vendor’s reagent might not contain phenol as a by-product if it was synthesized by another approach.*

\Si/

CH
7\, /8
oH 0 0

4.0. Summary

Normally derivatization reactions of carboxylic acids with diazomethane and TMSCHN, yield primarily
the desired methyl ester. However, many different artifacts can be formed at lower levels for some
compounds. In addition, multiple peaks can be noted due to incomplete methylation of compounds.
Identifying the artifact or partially derivatized component often leads to a means of avoiding the artifact.

Several ways of avoiding artifacts were noted in our studies and literature references. Ones that we have
found generally useful are summarized below:

-The first step is to characterize all components in the mixture by electron impact GC/MS. In some cases,
additional analyses were required by chemical ionization GC-MS, accurate mass, and isotope labeling to
identify unknowns. In addition, reaction times were often increased from 1 minute to 45-90 minutes to
increase the concentration of the artifacts to facilitate identifications. Reaction conditions can only be
efficiently optimized if components are identified and reactions leading to their formation understood.

14



-Reaction times and temperatures should be optimized for the components/functional groups of interest.
For many compounds, derivatization reactions are complete upon mixing with diazomethane.
Diazomethane reactions should be performed at room temperature or below. Solutions of diazomethane
should not be frozen since they can become shock sensitive and explode

-Select another solvent for the derivatization. Artifacts are often noted by reactions of the solvent with
analytes and/or diazoalkanes.

-Derivatization methods developed for pure standards often yield different products than those noted for
crude samples containing additional solvents, inorganic acids, inorganic salts, etc. Therefore if is best to
develop derivatization procedures for samples with matrices identical or similar to the targeted process
samples.

-The order or addition of the diazomethane to sample is important. Lower levels of artifacts for aldehydes
were observed when diazomethane is added to the sample in solution as opposed to adding the sample in
solution to diazomethane dissolved in an organic solvent.

-Drive incomplete reactions to completion by the use of an appropriate catalyst/solvent mixture.

-There are a multitude*” ?® of other derivatization reactions for conversion of acids to methyl esters
including methanol employing acid catalysts, N,N-dimethylformamide dimethy! acetal,

tetraaklylammonium reagents. Thus, consider a totally different class of derivatization reagent.

15
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Figure 1: El Mass Spectra of a Diazomethane Artifact Formed from Aldehyde
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Figure 2: El Mass Spectra of a Diazomethane Artifact from Substituted Bibenzil.
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Figure 3: El Mass Spectrum of a Diazomethane Artifact from Dimethyl Sulfoxide Solvent in Reaction
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Figure 4: El Mass Spectra of a Diazomethane Artifact from Sorbic Acid, THF, and Diazomethane.
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Figure 5: El Mass Spectra of a Pyrazoline Artifact of Sorbic Acid and Diazomethane.
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Figure 6: El Mass Spectra of Trimethylsilylmethyl Artifacts from Trimethylsilyldiazomethane Derivatizations.
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Figure 7: El Mass Spectra of Trimethylsilylmethyl and Cyclic Trimer Artifacts from Trimethylsilyldiazomethane Derivatizations.

73
1 00
121
o \
81 | o \
103
| 43
| e
0 |""'"“|"“|‘"l"l'"lfk‘jl" ™ ™ T T T T T T T T T T
30 & 90 120 150 180 210 240 270 300 330 340 390 420 450 480
100 73
170
155 —Si——
L0+
N s
1 Sl
45 258 \‘\
| 95 127 /N /
0= T e e o e T e m—
30 &0 90 120 150 180 210 240 270 300 230 260 290 420 450 480

24



	3.2. Artifacts Formed from Diazomethane
	The majority of the observed artifacts (by-products) noted in this paper arise from known reactions of diazomethane1-3  Diazomethane will react with a wide variety of functional groups under the proper conditions.  Many of these reactions require ...
	We have only discussed some of the more common artifacts noted in our laboratory and in literature references.  The review by Pizey1 discussing methylation, additions, homologation, and miscellaneous reactions employing diazomethane is especially...

