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Artefact formation in the determination of residual solvents
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Abstract

Method 2 of the procedure for the identification and assay of residual solvents, of the European Pharmacopeia 3rd
edition 1999 addendum, leads to artefactual formation of N-chlorodimethylamine when the hydrochlorides of basic
compounds are examined. This is due to degradation of the dissolution solvent N,N-dimethylformamide under the
prescribed conditions. N-Chlorodimethylamine has been detected during analysis of several hydrochloride salts of
nitrogen bases including drug substances. Artefact formation did not occur consistently with all the compounds
examined, but with diltiazem hydrochloride it was observed in the majority of experiments. The discovery that the
alkylating reagent N,N-dimethylaminoethyl chloride (DMC) used in the synthesis of diltiazem gives apparently high
yields of N-chlorodimethylamine was cause for concern. However, it has been confirmed that production batches of
diltiazem hydrochloride contain B1 ppm of this synthetic intermediate. The formation of N-chlorodimethylamine in
the presence of the drug substance is probably due to a reaction between dimethylformamide and HCl, that would
be released as a result of hydrolysis by residual water of the O-acetyl function of diltiazem. In view of these findings,
the compendial general method should be reviewed. It may be necessary to adopt a different approach to the drafting
of methods for volatile impurities, since most of the operating conditions are in practice specific to the substance
being examined. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Official analytical monographs for drug sub-
stances usually include a test for volatile impuri-
ties (residual solvents according to the
terminology of the European Pharmacopeia). In-
jection methods that have been proposed or
adopted for the GC analysis of residual solvents

are: direct injection of a solution in a suitable
solvent; the purge and trap technique and the
static equilibrium headspace technique. Direct in-
jection can be useful in specific cases, but it is
unsuitable as a routine compendial method, be-
cause the injector and column rapidly become
contaminated. The purge and trap technique is
relatively complex, and since it has no advantages
over static headspace analysis whenever a homo-
geneous solution of the drug substance can be* Corresponding author.
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obtained, the latter is the most widely used tech-
nique. The relatively recent and more convenient
technique of solid phase micro extraction (SPME;
Supelco) is tending to replace headspace analysis
in many areas, but it is unlikely to cover the range
of solvent polarities encountered in the present
application.

The choice of dissolution solvent and equilibra-
tion temperature for static headspace analysis de-
pends on the solubility and other properties of the
drug substance, and on the volatile impurities
being searched for. Consequently, the selection of
a limited set of alternative experimental condi-
tions suitable for a compendial method has
proved difficult. The 1999 addendum of the Eu-
ropean Pharmacopeia (1999a) describes three
standard systems which are to be used whenever
possible: water (80°C), N,N-dimethylformamide
(105°C) and 1,3-dimethyl-2-imidazolidinone
(80°C).

In this report, we demonstrate that the use of
method 2 (dimethylformamide) for the analysis of
residual solvents in diltiazem hydrochloride (Fig.
1) leads intermittently to the formation of
an artefactual GC peak, identified as N-
chlorodimethylamine. The peak is not specific to
this drug substance, and it is detected with several
other hydrochloride salts.

During investigations of this reaction, it was
found that considerable amounts of N-
chlorodimethylamine are formed by reaction with
dimethylformamide of a synthetic intermediate of
diltiazem, the alkylating agent N,N-dimethy-
laminoethyl chloride (DMC; Fig. 2). Because

Fig. 2. Formation of N,N-dimethylaziridinium ion by cyclisa-
tion of N,N-dimethylaminoethyl chloride (DMC).

DMC belongs to a family of notoriously toxic
alkylating agents (Golumbic et al., 1946), it was
necessary to establish beyond all reasonable doubt
that neither this compound nor its cyclisation
product the N,N-dimethylaziridinium ion (DMA;
Fig. 2) is present in diltiazem hydrochloride.

2. Experimental

2.1. Materials

Production batches of diltiazem hydrochloride
manufactured by Synthélabo were used, together
with a few samples obtained from other sources.
Deuterated dimethylformamide was purchased
from CEA, Saclay, France. N-Chloro-N,N-
dimethylamine and N-chloro-N,N-diethylamine
were prepared by adding one equivalent of N-
chlorosuccinimide or sodium hypochlorite to solu-
tions (1 meq/100 ml) of the amines in diethyl
ether. The resulting solutions were used directly
for GC analysis. Other reagents and solvents were
obtained from Aldrich, Fluka or Merck.

2.2. Methods

Stock solutions of diltiazem hydrochloride (200
mg) in dimethylformamide were prepared in 20 ml
volumetric flasks. Some solutions were sonicated
for 20 min, in order to simulate the conditions
used for the analysis of solid dosage forms.

Aliquots (5.0 ml) of the stock solutions were
placed in 20 ml glass headspace vials (Perkin
Elmer), followed by 1.0 ml dimethylformamide
(which could contain standard additions of poten-
tial impurities). The vials were immediately crimp-
sealed with PTFE-lined silicone rubber septa, and
the contents were gently mixed.Fig. 1. Structure of diltiazem hydrochloride.



C.R. Lee et al. / International Journal of Pharmaceutics 195 (2000) 159–169 161

Head-space analysis was carried out either man-
ually or by means of an automatic injector. In both
cases, the vials were heated at 10592°C for 45 min.

For manual injections, the vials were not agitated
during heating. The pressure was released by pierc-
ing the septum with a hypodermic needle, which
provided a passage for the needle of a 1-ml gas-tight
syringe. The syringe was maintained at �95°C on
a hot-plate. The volume injected was 1.0 ml.

The automatic injector (Hewlett–Packard
Model 7694) was fitted with a 1 ml nickel sample
loop, and the transfer lines were also of nickel. In
some experiments the vials were not agitated; in
others, they were agitated at the higher of the two
available speeds. The loop and transfer line were
maintained at 110°C.

GC/MS was carried out using a Hewlett–Pack-
ard 5890 GC coupled directly to a 5989A quadru-
pole mass spectrometer, with Windows Chem-
station software. Two GC columns coated with
bonded and crosslinked polyethylene glycol were
used during the study: Chrompack CP Wax 52 CB
(25 m×0.32 mm, film thickness 1.5 mm), and
Hewlett–Packard Innowax (60 m×0.32 mm, film
thickness 0.5 mm).

The carrier gas (helium) pressure was regulated
at 7 psi (48 kPa) for the Chrompack column and
10 psi (69 kPa) for the Hewlett–Packard column.
The split/splitless injector was maintained at 140°C,
with a split flow of 12 ml/min. The column was
operated isothermally at 50°C for 5 min, and then
purged at 170°C for 5 min. The temperature of the
interface and ion source was 250°C.

The mass spectrometer was operated in electron
impact mode, and tuned in order to optimise
sensitivity at m/zB120. Acquisions were per-
formed either by scanning from m/z 30 to 200 (1.3
scans/s), or by selected ion recording of m/z 42, 78
and 79 (dwell time 100 ms).

3. Results

3.1. Identification of the artefact formed in the
presence of diltiazem

When analysed by headspace method 2
(dimethylformamide as dissolution solvent), dilti-

azem hydrochloride gave, on random occasions, a
GC peak of variable intensity, with a retention time
of 1.1–1.4 min on the Chrompack column and 4.75
min on the Hewlett–Packard column. The peak
was identified by its mass spectrum (Fig. 3), which
matched library spectra of N-chlorodimethy-
lamine. A sample of this compound synthesised by
a standard method had the same retention time and
the mass spectrum (Fig. 3) is identical, apart from
background noise, to that obtained from diltiazem
hydrochloride. An interpretation of the spectrum is
proposed in Table 2.

Subsequent experiments were carried out by
selected ion recording at ions charateristic of N-
chlorodimethylamine (m/z 42, 78 and 79). A repre-
sentative chromatogram is presented in Fig. 4; the
relative peak heights do not correspond to those of
the scanned spectrum, because no adjustment was
made for the variation of the transmission of the
quadrupole filter as a function of the m/z ratio. The
peak surface areas given in the tables are for m/z
78.

The absolute signal intensity and the ratio of
peak height to baseline noise varied widely during
the course of the investigation. The detection limit
(S/N=3) was usually B10 ppm of DMC with
respect to the compound being examined (final
concentration B100 ng/ml).

All eight batches of diltiazem hydrochloride
examined, whether from Synthélabo or from other
manufacturers, gave a peak corresponding to N-
chlorodimethylamine on at least one occasion. The
peak was weak or absent unless the vial had been
agitated during equilibration (ultrasonically before
heating in the manual method, mechanically during
heating in the automatic injector). Even with agita-
tion, the peak area varied widely. The results
presented for one batch of diltiazem hydrochloride
in Table 1 illustrate the degree of variability that
was observed for consecutive injections of this
compound.

3.2. Formation of the artefact from DMC

Among potential impurities of diltiazem hy-
drochloride, the synthetic reagent DMC was in-
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Fig. 3. Mass spectra of artefact from diltiazem hydrochloride (A) and of N-chlorodimethylamine (B).

vestigated, in the presence and absence of the
drug substance. N-chlorodimethylamine was de-
tected in all experiments and at all concentrations
investigated (1–100 ppm), whether or not the
solution was agitated. The identity of the peak
was confirmed by its mass spectrum (not shown).
The peak surface area was not, however, repro-
ducible within a factor of 2, and as explained
above the detection limit was variable.

On one occasion, the area of the N-
chlorodimethylamine peak diminished towards
the end of a long series of runs with the automatic
injector. The response was restored by exhaus-
tively steam-cleaning the flow-lines, a treatment
which presumably re-passivates the nickel
surfaces.

In view of the volatility, reactivity and toxicity
of N-chlorodimethylamine, and the variability in
the results for DMC, no attempt was made to
evaluate the amount formed per mole of DMC.
However, it can be judged from the intensity of
the peaks that the reaction yield would be well
above trace levels. As explained above, the
amount of N-chlorodimethylamine formed from
diltiazem hydrochloride varied from one injection
to the next; it corresponded to the amounts of
DMC ranging from undetectable to several hun-
dred ppm (Table 1).

3.3. Origin of N-chlorodimethylamine

The following experiments demonstrate that the
dimethylamino group of N-chlorodimethylamine
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is derived exclusively from the solvent dimethyl-
formamide, and not from DMC:

(1) A mixture of 1000 ppm DMC in 1 ml
unlabelled dimethylformamide and 0.75 ml [2H7]-

dimethylformamide gave the spectrum presented
in Fig. 5. This spectrum (interpretation: Table 2)
is consistent with a mixture of [2H6]-labelled and
unlabelled N-chlorodimethylamine, and there was
no evidence for exchange of individual deuterium
atoms or methyl groups.

The peaks corresponding to labelled dimethyl-
formamide are relatively less intense than would
be expected from the composition of the solvent
mixture (42% v/v labelled solvent). This effect is
in fact more marked than would appear from the
spectrum shown, which was taken at the maxi-
mum of the peak of the labelled compound, which
occurred (as expected) several seconds before that
of the unlabelled compound. Experiments carried
out with pure [2H7]-dimethylformamide did
not yield detectable amounts of N-chloro-
dimethylamine.

(2) The inverse experiment was carried out,
using a homologue of DMC, N,N-diethy-
laminoethyl chloride, in unlabelled dimethylfor-
mamide; labelled DMC is not available. The
spectrum of N-chlorodiethylamine (not shown)
has a molecular ion of m/z 107 and a relatively
intense fragment of m/z 92. No peak was detected
at the retention time of this compound when the
m/z 92 fragment was monitored. Only one GC
peak was detected, and this corresponded to N-
chlorodimethylamine (Fig. 6).

(3) Finally, it was found that N-chlorodimethy-
lamine is formed during headspace analysis of
dimethylformamide to which has been added 5 ml
of concentrated aqueous HCl (not shown), al-
though this reaction was somewhat less repro-
ducible than that given by DMC.

3.4. Formation of the artefact from other
hydrochlorides

Six drug substances in the form of hydrochlo-
rides were examined, together with triethylamine
(Table 3). Five of these compounds gave a posi-
tive response on at least one occasion.

Tris(hydroxymethyl)aminomethane hydrochlo-
ride (Tris–HCl) was investigated on a different
occasion. A strong response was obtained for
each of five injections, and the mean peak surface
area corresponded to 380 ppm DMC.

Fig. 4. Selected ion recording chromatogram of diltiazem
hydrochloride (stock solution 4, injection 2; Table 1). The
retention time of N-chlorodimethylamine is 4.75 min.

Table 1
Peak surface areas for N-chlorodimethylamine obtained for
repeated analyses of a batch of diltiazem hydrochloride, and
for a reference solution of DMCa

Product Stock solution Peak surface
area

26241DMC (100 ppm refer-
ence)

17319

1 n.d.Diltiazem hydrochlo-
ride

65643
160472
27614

3 56739
3923
70344

39708
n.d.5

26040
6 21595

67347

a The automatic head-space injector was used. n.d., not
detected (detection limit B10 ppm DMC).
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Fig. 5. Mass spectrum obtained by GC/MS headspace analysis of a mixture of [2H7]-dimethylformamide and unlabelled
dimethylformamide containing… ppm DMC.

3.5. Pressure in headspace 6ial

After some (but not all) of the above experi-
ments in which DMC was not detected, it was
found that the crimp seal of the headspace vial
had become loosened, apparently as a result of
excessive pressure. Three vials containing neat
dimethylformamide were prepared with the stan-
dard flat teflon-lined septa (Perkin Elmer cat.
B010-4241), and three other vials were sealed with
less inert but more tightly-fitting septa (Hewlett–
Packard cat. 250 030). The vials were heated at
105°C for 45 min in the automatic injector, which
was then opened. The pressure in the vials was
measured by means of a bourdon gauge supplied
for this purpose with the Perkin Elmer HS40
injector. The pressure measured in all vials was
close to 15 psi (�1 bar); the actual pressure
would be somewhat greater than this, because of
the volume of the gauge.

4. Discussion

4.1. Artefact

Under the conditions prescribed by the Eu-
ropean Pharmacopeia (1999a), dimethylfor-
mamide is degraded to N-chlorodimethylamine in
the presence of a small concentration of hy-

drochloric acid. Neither this nor any similar reac-
tion appears to have been described in the
literature. An oxidation is involved, since the for-
mation of chloramines requires the presence of
‘positive chlorine’, but whether the primary oxi-
dising agent is air or an oxidative degradation
product of the dissolution solvent has not been
established. Air may participate in the formation
of the artefact, at least from diltiazem hydrochlo-

Table 2
Interpretation of mass spectrum of the head-space vapour of a
vial containing a solution of DMC in a mixture of [2H7]-
dimethylformamide and unlabelled dimethylformamide

m/z Interpretation

[CH2�N�CH2]+ (d0)42
[CH2�N–CH3]+

�
(d0)43

44 M–Cl
[CH3–NH–CH3]+

�
?45

46 [CD2�N�CD2]+

48 [CD2�N–CD3]+
�

[35Cl�CH2]+49
[37Cl�CH2]++[35Cl�CD2]+ (+[CD3–NH–CD3]+

�
?)51

78 [M–H]+ (d0)
M+�

(d0)79
80 [M–H]+ (d0, 37Cl)
81 M+�

(d0, 37Cl)
83 [M–D]+ (d6)

M+�
(d6)85

M+�
(d6, 37Cl)87
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Fig. 6. Selected ion recording chromatogram of N,N-diethylaminoethyl chloride in dimethylformamide. The ion of m/z 78 is
characteristic of N-chlorodimethylamine (retention time 1.4 min), and the ion of m/z 92 of N-chlorodiethylamine (retention time
2.65 min).

ride, because, in vials that had not been ultrason-
icated, agitation is required during equilibration.
However, agitation is not required in the case of
DMC, and a different mechanism may be in-
volved. Some experiments were carried out in
which the vials were purged with oxygen or ar-
gon, but the results were inconclusive because of
the inherent lack of repeatability of the artefact
formation.

The fact that N-chlorodimethylamine was not
detected in all experiments can be explained in
part by its reactivity; in particular, the compound
would be expected to react with metal surfaces.
On some apparently random occasions, the crimp
seal of the headspace vial appears to have failed,
presumably under the pressure of gaseous decom-
position products of dimethylformamide. Neat
dimethylformamide was shown to be sufficiently
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stable at 105°C, but this does not exclude the
possibility that some analytes could catalyse its
decomposition to carbon monoxide and
dimethylamine.

The results obtained with deuterium labelled
dimethylformamide and N,N-diethylaminoethyl
chloride demonstrate conclusively that the N-
chlordimethylamine formed is derived exclusively
from dimethylformamide, and that there is no
significant exchange of hydrogens or methyl
groups. This is confirmed by the result obtained
with a homologue of DMC in unlabelled
dimethylformamide. The unusually strong isotope
effect in favour of unlabelled dimethylformamide

is of some interest; while it would be due in part
to reduced volatility of deuterated N-
chlorodimethylamine, there is almost certainly a
large difference in reactivity, in particular, neat
labelled dimethylformamide appeared not to react
at all in several experiments. It could therefore be
speculated that the formation of labelled N-
chlorodimethylamine in the solvent mixture is due
to a reactive intermediate that is formed in signifi-
cant amounts only from unlabelled dimethylfor-
mamide. Presumably, cleavage of the aldehydic
hydrogen would be involved in such a scheme.

While DMC gives a high yield of N-
chlordimethylamine, the formation of the latter
compound when diltiazem hydrochloride is
heated in DMF is not evidence for the presence of
DMC. The results presented exclude any possibil-
ity that the dimethylamino moiety of N-
chlorodimethylamine might be derived from
DMC.

Dimethylformamide to which had been added a
small amount of concentrated aqueous HCl also
yielded N-chlordimethylamine. If it is assumed for
the purpose of this discussion that artefact forma-
tion is due in all cases to the presence of free HCl,
the formation of N-chlorodimethylamine from
DMC could be explained by the release of HCl
associated with the cyclisation of DMC to give
the dimethylaziridinium ion (Fig. 2).

Free HCl may also be formed by partial disso-
ciation of hydrochloride salts, or by an oxidative
or other degradation of their basic functions.
Several other hydrochlorides were examined. Al-
though, as with diltiazem hydrochloride, N-
chlorodimethylamine was not detected in all vials
examined, six of eight hydrochlorides of differing
structures gave a positive result for the artefact on
at least one occasion. Nevertheless, diltiazem hy-
drochloride yielded N-chlordimethylamine more
consistently than the other hydrochlorides except
Tris, a finding that could be explained in terms of
hydrolysis of the O-acetate function of this com-
pound by traces of water. Because HCl is a rela-
tively weak acid in solvents of low basicity and in
the strict absence of water, the acetic acid gener-
ated would release a certain amount of undissoci-
ated HCl.

Table 3
Peak surface areas for N-chlorodimethylamine obtained for
various hydrochlorides, and for a reference solution of DMCa

Peak surfaceCompound Sample
area

15389DMC (100 ppm reference)

1(Compound under develop- n.d.
ment)

pKa 8.0 n.d.2
n.d.3

4 n.d.
5 n.d.

73571Lintopride–HCl
pKa 10.3 n.d.2

3 n.d.

Metoclopramide–HCl 1 n.d.
2pKa 9.7 n.d.
3 n.d.

1 n.d.Eliprodil–HCl
2pKa�9.1 n.d.
3 n.d.
4 8367
5 n.d.

(Compound under develop- 1 Trace
ment)

pKa 7.3 2 3583

1Tiapride–HCl 45236
pKa 9.2 2 n.d.

1 n.d.Triethylamine–HCl
pKa 10.9 2 n.d.

3 7784

a The automatic head-space injector was used. n.d., not
detected (detection limit B10 ppm DMC).
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There is no evidence from the results presented
for an association between the yield of N-
chlorodimethylamine and the aqueous dissocia-
tion constants or polarities of the compounds
studied.

4.2. Analysis of diltiazem hydrochloride for DMC

As explained in Section 1, it is necessary to
exclude any possibility that production batches
of diltiazem hydrochloride contain significant
amounts of DMC. The norm applied by this
laboratory is not more than 1 ppm.

When considering methods for the determina-
tion of DMC, account must be taken of an exten-
sive literature which demonstrates that the
reactive intermediate in all alkylations by b-
chloro-N,N-dialkylethylamines that have been
investigated is the corresponding dialkyl-
aziridiunium ion DMA (Golumbic et al., 1946;
Cohen et al., 1948; Allen and Chapman, 1960;
Hansen, 1962). The kinetics of formation of
DMA (Fig. 2) from DMC in aqueous solution
have been studied by Simonetta et al. (1949).

As suggested earlier, the HCl generated may, by
an unknown mechanism, lead to the degradation
of dimethylformamide to N-chlorodimethylamine.
Because the reaction is reversible in the presence
of chloride ion (Levins and Papanastassiou,
1965), any residue of the alkylating agent in dilti-
azem hydrochloride is likely to be in the form of
DMC, but this remains to be proven.

Halogenated alkylamines are synthetic starting
materials for numerous drug substances, but only
one method appears to have been published for
the determination of these highly toxic com-
pounds (Leigh and Bowker, 1991). These authors
hydrolysed the compounds to the corresponding
alcohols, which were separated by TLC after
derivatisation. Some further development would
be required in order to obtain a detection limit
below 1 ppm. The major disadvantage of this
approach is that innocuous traces of the aminoal-
cohols already present in the product being exam-
ined would give false positive results.

In this laboratory, diltiazem hydrochloride has
been analysed by several unpublished methods.
DMC base is amenable to GC after extraction in

a non polar solvent, whereas the sum of the DMC
and DMA concentrations can be determined by
means of the standard reagent for alkylating
agents 4-(4-nitrobenzyl)pyridine (NBP; Dictionary
of Analytical Reagents, 1993). To date, no pro-
duction batch of diltiazem hydrochloride, from
whatever source, has been found to contain more
than 1 ppm of alkylating agent. Following the
discovery of the artefactual formation of N-
chlorodimethylamine during head-space analysis,
a direct LC/MS method was developed for the
individual determination of DMC and DMA. The
results obtained confirm the earlier findings.
These analytical methods are currently under re-
view, with the aim of establishing a compendial
method; details will be published at a later date.

Traces of DMC base can be detected by head-
pace analysis of a relatively concentrated solution
of the hydrochloride in dimethylformamide
(\100 ppm; results not shown). The size of the
peak will be a function of the amount of the
impurity dimethylamine already present or
formed by degradation of dimethylformamide; the
estimated pKa of DMC in aqueous solution is 8.4.
Whatever the dissolution solvent, direct
headspace analysis is unlikely to be applicable to
the assay of DMC in diltiazem hydrochloride,
because under the necessary basic conditions,
DMC would react with the side-chain nitrogen of
diltiazem. It should be noted that the European
Pharmacopeia (1999b) does not prescribe the ad-
dition of acid or base, despite the listing of acetic
acid and pyridine as solvents to be searched for.

4.3. Suitability of dimethylformamide and
alternati6e sol6ents

It is clear from the results presented here that
dimethylformamide in unsuitable as a general-
purpose solvent for head-space analyses, at least
at the temperature prescribed (105°C). Since the
norms for some volatile impurities are as low as 2
ppm, even traces of artefactual volatile com-
pounds are a source of difficulty. Quite likely, a
lower temperature would be suitable in the major-
ity of cases, since achieving a satisfactory detec-
tion limit is rarely a serious source of difficulty
except for the least volatile impurities, even when
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using columns of 0.32 mm i.d. If necessary, wider
columns can be used in order to obtain a more
favourable split ratio.

While there is no doubting the need for a
general compendial method, the European Phar-
macopeia (1999a) is, in our opinion, too prescrip-
tive in the choice of dissolution solvent and
equilibration conditions; these details are specific
to the substance being examined, and should per-
haps be left to the individual monographs. In
addition, the list of potential impurities to be
searched for (European Pharmacopeia 1999b) is
of doubtful utility, since it does not include
volatile impurities other than residual solvents.
For example, hydrochlorides of basic drug sub-
stances can become contaminated by chloroalka-
nes generated by reaction of HCl with alcohols or
ethers, a reaction that has been observed during
recrystallisation as well as storage in the presence
of trace residual solvent (unpublished results).
Other impurities not listed include relatively in-
volatile impurities of recrystallisation solvents,
such as higher homologues and the condensation
products of ketones, which tend to become con-
centrated in some drug substances.

There is little published information on the
choice of dissolution solvents for head-space anal-
ysis. Useful solvents not mentioned in the general
method are benzyl alcohol (Bicchi and Bertolino,
1982), and N,N-dimethylacetamide (Mulligan and
McCauley, 1995; George and Wright, 1997; Hong
and Altorfer, 1997). A pure grade of 2-
methoxyethanol, stored over 3 A, molecular sieve
in order to limit the concentration of methanol,
has been found in this laboratory to be one of the
most generally useful solvent other than water.
Unfortunately, it is now considered unsuitable for
this application, as it is teratogenic and would be
released into the atmosphere in case of vial seal
failure. Various propane diol derivatives could be
investigated as alternatives.

5. Conclusions

The results presented in this paper demonstrate
that dimethylformamide is unsuitable as a gen-
eral-purpose dissolution solvent for the head-

space GC determination of volatile impurities.
Alternative solvents could be considered, but it
would be more appropriate to indicate the solvent
and operating conditions in the individual mono-
graphs rather than in the general method.

The fact that both diltiazem hydrochloride and
the alkylating agent DMC used in its synthesis
generate the same artefact in the presence of
dimethylformamide does not indicate that the
drug substance contains significant amounts of
DMC; in fact, the hydrochlorides of several other
bases give the same reaction. Concentrations of
DMC in production batches of diltiazem hy-
drochloride have always been B1 ppm.
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