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In Vivo Metabolite Condensations. Formation of
N1-Ethyl-2-methyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone from the Reaction of a
Metabolite of Alcohol with a Metabolite of Lidocainet
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Isotopic labeling is used to demonstrate that N'-ethyl-2-methyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone (2) is
generated in vivo in the Rhesus monkey by condensation of w-ethylamino-2,6-dimethylacetanilide (4), a metabolite
of lidocaine, with acetaldehyde formed by ingestion of alcohol. This substance (2) was previously reported as a me-
tabolite obtained from the urine of man after ingestion of lidocaine. Evidence now suggests that, under normal
physiological conditions, the major portion of 2 originally determined was an artifact arising from the condensation
of 4 with trace amounts of acetaldehyde present in the solvent used in the isolation procedure. The extreme ease,
under a variety of mild nonenzymatic conditions, with which the condensation takes place demonstrates the care
that must be exercised in interpreting data that potentially involve similar in vivo condensation reactions. The
generality and potential importance of such reactions between aldehydes and amines are pointed out.

In the course of a study concerning the biotransforma-
tion of the potent antiarrhythmic agent lidocaine (1) in
man, we discovered] a new metabolite, Ni-ethyl-2-
methyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone (2).
Further investigation also revealed the presence of a sec-
ond new metabolite and it was subsequently shown to be
Ni-ethyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone (3).
Although the formation of 2 could readily be rationalized
as proceeding via an intramolecular cyclization following
initial oxidation (see Discussion), it was not apparent how
3 could be obtained from either 1 or 2 in any simple fash-
ion.

In a series of papers in 1960, Hollunger? demonstrated
that in rabbit, liver enzymes were largely responsible for
the biotransformation of lidocaine and that a key metabo-
lite was w-ethylamino-2,6-dimethylacetanilide (4). Later
Beckett and Boyes3 demonstrated that 4 was a major bio-
transformation product of lidocaine in man and their re-
port was subsequently confirmed by others# (Chart I).

Since 4 was known to be a major metabolic product in
man, it seemed possible that 3 might be arising via an in
vivo intermolecular condensation between 4 and some one
carbon fragment at the oxidation level of formaldehyde.

+ This investigation was supported in part by NIH Training Grant No.
5-TOI-GMO00728 and in part by NIH Grant GM-16496.

*To whom correspondence should be addressed at the School of Phar-
macy, University of Washington,

Similarly, the formation of 2 could be viewed as arising
from an intermolecular condensation between 4 and acet-
aldehyde. To investigate the origin of these metabolites
and the feasibility of such reactions in vivo, a series of la-
beling experiments was undertaken.

As will be shown, the results of these experiments clear-
ly demonstrate the ease of such condensation reactions
under very mild reaction conditions and, hence, the care
that must be taken in interpretation of results. Further,
they demonstrate that while the formation of 2 under nor-
mal physiological conditions cannot be unambiguously es-
tablished at this time, 2 can be generated in vivo after li-
docaine administration when the plasma level concentra-
tion of acetaldehyde is artificially increased by concomi-
tant administration of ethanol.

Results

Human Studies. (a) Isolation of Metabolites. After
oral administration of randomly tritiated lidocaine hydro-
chloride to three normal human volunteers, urine and
feces were collected, frozen, and stored over a period of 72
hr. No attempt was made to control urinary pH during
these studies. Of the radioactivity present in the urine
5-10% could be accounted for as extractable organic bases
while the total radioactivity present represented 50% of
the administered dose. Homogenization of the feces fol-
lowed by oxidation of an aliquot and scintillation counting
indicated that this route of elimination is of minor impor-
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tance for lidocaine and its metabolites. Hence, at this
point the feces were discarded. Since most of the radioac-
tivity appeared in the urine 8 hr after administration, this
sample was selected for initial investigation and isolation
of the organic bases presert. Glc separated the base iso-
late into five major components, Each component was
collected from glc via a stream splitter and saved for anal-
ysis.

(b) Mass Spectroscopy. To establish a capability for
elucidating the structure of any unknown metabolite, we
undertook a mass spectral study of the behavior of lido-
caine and one of its known metabolites, 4. The major
fragmentation routes are depicted in Scheme I and are
supported by exact mass measurement and metastable
scanning. As expected,58 both compounds fragmented pri-
marily by homolytic cleavage of the carbon-carbon bond
between the carbonyl and methylene groups to generate
immonium ions as the base peak ions at m/e 86 (CsHy2N)
and 58 (C3HgN), respectively. Exact mass measurement
of the ions at m/e 148, 120, and 105 is consistent with the
structures depicted in Scheme I and, as such, represents
the other half of the molecule. Therefore, it appeared that
metabolic transformations could conceivably be detected
by changes in the atomic composition of these ions.

(c) Identification of Metabolites and Proof of Strue-
ture. Of the five major radioactive bases isolated, three
proved to be known metabolites. These were lidocaine, 4,
and 2,6-dimethylaniline (5). These structures were con-
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Scheme I. Mass Spectral Fragmentation Pattern for 1 and 4
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firmed by retention times on two different glc systems,
isolation of small quantities of each via glc using a stream
splitter, scintillation counting, and high-resolution mass
spectrometry.

The remaining two peaks were unknown, although col-
lection and scintillation counting confirmed that they
were lidocaine derived. One of these, the largest of all five
peaks, was subjected to mass spectrometry and was found
to have a parent ion at m/e 232 (C14H20N20), suggesting
that the unknown contained one additional unit of unsat-
uration. Somewhat surprisingly, the base peak ion in the
spectrum of this material occurred at m/e 85 (CsH11N). If
the diethylaminomethylene portion of the molecule were
intact, the compound should still give a base peak at m/e
86. However, if, unlikely as it may be, cyclization to a
substituted pyrrolidine such as 6 or some isomeric sub-
stance had occurred, the base peak ion should be at m/e
84.

On the basis of chemical stability and the mass spec-
trum, the imidazolidinone 2 was considered a likely possi-
bility. The base peak at m/e 85 can be rationalized
mechanistically, as shown below.

CH; o
R ~
?LN*—CHZCHS
CH, CH,
CH; CH
¢ _CHCH,
N=C=0 + g
CH,CH,
CH; m/e 85

The driving force for the fragmentation is presumably the
generation of a neutral isocyanate and allylic radical ca-
tion.5® Certainly, this is a more reasonable process than
generating a base peak ion at m/e 86 or 84 from such a
molecule. Further, 2 was an attractive possibility because
its formation could readily be rationalized as proceeding
through a well-established metabolic pathway (see Dis-
cussion).

Compounds similar to 2 have been prepared by the con-
densation of an aldehyde with a suitable secondary
amine.® Hence, acetaldehyde was condensed with 4. The
reaction mixture was separated by glc and found to con-
tain two peaks distinct from starting material. The major
peak had a retention time identical with the unknown,
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while the nmr was consistent with 2. Admixture of the
synthetic material to the metabolite and recrystallization
to constant specific activity confirmed the assigned struc-
ture.

The last of the five major peaks that was still unidenti-
fied was subjected to mass spectroscopy. The molecular
ion occurred at m/e 218, C13H1sN20, while the base peak
ion occurred at m/e 71, C4HgN. The similarity in behav-
ior of this material upon electron impact to that displayed
by 2 immediately suggested either 3 or 7 as a possible
structure for the metabolite. Both materials were synthe-
sized, 3 by the condensation of 4 with formaldehyde and 7
by a similar condensation of w-methylamino-2,6-
dimethylacetanilide (8) with acetaldehyde. Mass fragmen-
tation patterns and glc retention times indicated that the
behavior of the metabolite was identical with 3 but differ-
ent from 7. Admixture of the synthetic material to the
urinary metabolite and recrystallization to constant spe-
cific activity established the structure as 3.

Initial Monkey Experiments. To investigate the gene-
sis of the cyclic metabolites by utilization of isotopically
labeled materials, it was necessary to have an animal
model that would emulate the fate of the drug in man. To
this end we repeated our experiments in the Rhesus mon-
key. The monkey was administered an isotonic solution of
lidocaine hydrochloride and the wurine collected and
worked up in a fashion identical with that which we had
used previously.l Under these conditions both 2 and 3
were isolated and identified.

Since we could reproduce our experiments in the mon-
key, we next attempted to determine whether these ap-
parent metabolites were in fact artifacts. The solvents,
either ether and/or methylene chloride, that we had used
for extractions were spectral grade and reputedly con-
tained less than 0.001% of either acetaldehyde or formal-
dehvde as contaminants. Both solvents were meticulously
purified and freed of aldehvdes, using the method out-
lined by Schwartz and Parks.”

Control Experiments. Compound 4 was added to sam-
ples of both human and monkey urine and duplicate ex-
periments were run using ‘“‘unpurified’’ and purified spec-
tral solvents for extraction. The results of these experi-
ments indicated that most, if not all, of 2 and 3 was the
result of a reaction between 4 and the aldehydes contami-
nating the solvent (Figure la). However, glc peaks corre-
sponding to both 2 and 3 could consistently be detected
(Figure 1b) from the control experiment. Conversely, if
the experiments were repeated and lidocaine was added to
the urine instead of 4, these peaks could not be detected
(Figure 1c).

These data imply that 2 and 3 result from either residu-
al contamination in the purified solvents or that they
arise from reaction with minute quantities of aldehydes
present in urine,

To investigate these possibilities, 4 was allowed to sit in
purified methylene chloride for 24 hr. The methylene
chloride was evaporated and the residue analyzed by glc.
No cyclic metabolites could be detected. The control ex-
periments were repeated again by adding 4 to both mon-
key and human urine. The urines were allowed to sit for
48 hr, each was divided into four aliquots, and each ali-
quot was separately extracted with purified CH2Clp,
CHCl3, Et20, and CCly. In all cases, both cyclic metabo-
lites could be detected on analysis and the results from all
four experiments were identical within experimental error.

Since both metabolites could be detected after using
purified solvents, it seemed possible that at least some
small portion of these materials could be arising in vivo
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Figure 1. Glc trace of the basic metabolites obtained from (a) 4
added to urine and extracted with unpurified CHyClg; (b) 4
added to urine and extracted with purified CH2Cls; (c) 1 added
to urine and extracted with purified CHzCl,.

even though there were no readily apparent differences in
concentration between the results of these experiments
and the controls.

Labeling Experiments under Normal Physiological
Conditions. In order to determine if some small quantity
of 2 was arising via an in vivo intramolecular process, we
synthesized specifically labeled lidocaine-de¢ (9) and ad-
ministered it to the monkey. We assumed that if any of 2
was being generated by an intramolecular process, then a
parent ion at m/e 238 should be detectable in its mass
spectrum even if 10 were only a tiny fraction of the isolat-
ed material. To ease the isolation problems, nonpurified
methylene chloride was used for extraction, the metabo-
lites were isolated, and the mass spectrum was deter-
mined. No ion at m/e 238 could be detected, although a
large parent ion was found at m /e 235.

In a similar experiment, lidocaine containing 14C in the
methylene group of one of the N-ethyl groups (11) was
synthesized. Its specific activity was determined, it was
administered to the monkey, and the experimental proto-
col described above was repeated. The cyclic metabolites
2 and 3 were isolated and their specific activities were de-
termined. Within experimental error, the specific activity
had fallen to 50% of the administered lidocaine. Clearly,
this result is consistent with the deuterium experiment.
Unfortunately, these experiments do not exclude the pos-
sibility of the labels being lost via equilibrium with al-
dehydes present in plasma, urine, and/or solvent. In fact,
the following experiment where purified solvents were
used demonstrates that the aldehydes present in urine are
sufficient to equilibrate with 2 and 4.

Doubly labeled 4 containing 14C in the carbonyl group
and tritium in the aromatic ring of known specific activity
was added to an 8-hr urine collection from a human vol-
unteer who had received lidocaine and the urine allowed
to stand for 12 hr. The urine was processed as previously
described and extracted with purified solvents. The isolat-
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Scheme I1. Proposed Mechanism for the Formation of 2

exogenous and
endogenous pool
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ed cyclic metabolite 2 as well as labeled 4 now had the
same specific activity, although it was different from and
less than the starting specific activity. This result
implies that 2 and 4 must be in equilibrium. Hence, the
rate of equilibrium probably limits the possibility of de-
tecting an intramolecular process.

Thus, the reaction appeared efficient enough to sca-
venge minute quantities of aldehydes under very mild
conditions. To investigate just how efficient the reaction
might be, 1 ug/ml of 4 was allowed to react with 1 ug/ml
of acetaldehyde in a phosphate buffer at room tempera-
ture. The reaction mixture was concentrated and injected
directly into a gas chromatograph. The resultant glc trace
indicated a 20% conversion of 4 to 2 under these condi-
tions. Hence, it appeared that if the in vivo concentration
of acetaldehyde could be increased, the formation of the
metabolite might possibly be induced.

Labeling Experiments with Concomitant Administra-
tion of Ethanol. To determine if this were indeed the
case, ethanol-ds was infused into the monkey along with
lidocaine in phosphate buffer. The urine was collected and
processed with purified solvents as described previously. A
glc trace indicated that the peak attributable to 2 from
the alcohol experiment was approximately 25 times as
great as that obtained from a simultaneously run control.
The metabolite was collected and subjected to mass spec-
troscopy and was found to have 39% containing one or
more atoms of deuterium. This result is based on the
abundance of the M + 1, M + 2, and M + 3 ions minus
the contribution of M + 1 due to the natural abundance
of 13C. No ion at M + 4 could be detected. This result in-
dicated that the acetaldehyde produced in vivo from the
alcohol was losing some of its deuterium via enolization
prior to condensation and the acetaldehyde was exchang-
ing via equilibrium in the normal aldehyde pool.

To gain confirmation for this result and unambiguously
determine whether 2 was being produced from an in vivo
source of acetaldehyde, the experiment was repeated
using ethanol-1-14C. The metabolite was isolated, subject-
ed to scintillation counting, and found to be radioactive.
Mass spectroscopy confirmed its structure. Determination
of its specific activity revealed that approximately 35%
dilution had occurred. Several explanations seem possible
for this observation. Either the labeled acetaldehyde is
being diluted in the normal metabolic pool prior to con-
densation and/or the presence of excess acetaldehyde is
enhancing formation of 2 via an intramolecular reaction.
The difference in the amount of label incorporated in the

CH,

two experiments, 39% in the deuterium experiment and
65% in the 14C experiment, is intriguing. It may simply be
biological variability, and/or it may mean that the deut-
eron at the 2 position (aldehydic deuteron) of 2 is acidic
enough to exchange under our experimental conditions
and/or it may be due to different rates of equilibration in
the two experiments. Studies designed to answer these
questions are currently being investigated.

Discussion

A generalized mechanism for the formation of 2 consis-
tent with all our results is depicted in Scheme II. There is
considerable evidence that enzymatic N-dealkylations
proceed by way of a carbinolamine intermediate such as
that shown above, which then either spontaneously or
enzymatically disassociates to an amine and an aldehyde.8
In the case of lidocaine, because of the availability of a
nonbonded lone pair of electrons five atoms away from the
electrophilic site, a second reaction becomes theoretically
possible, that of an intramolecular nucleophilic attack by
the amide nitrogen on the immonium cation carboni re-
sulting in ring closure and the generation of a stable non-
charged molecule. Moreover, there is precedent® for a
similar intramolecular reaction occurring in vivo in the
course of the metabolism of the antimalarial agent pro-
guanil (12) to generate the biologically active triazine 13.
From a strictly chemical viewpoint, this latter reaction can
be viewed as a Mannich type of reaction.1® Thus, the sec-
ondary amine 4 and the cyclic metabolite 2 are related
through a common intermediate, the carbinolamine, ob-
tained from reaction with acetaldehyde. It could, there-
fore, be anticipated that the three substances might be in
measurable equilibrium depending on their relative sta-
bilities and reaction conditions. That this is indeed the
case and that equilibrium is extremely facile under very
mild conditions are apparent from the results obtained. In-
deed the facile nature of the reaction precludes the possi-
bility in this report of determining just how much, if any,
of 2 might arise from the originally administered lidocaine
via an initial intramolecular cyclization. Even presuppos-
ing significantly large amounts of 2 were generated in this
fashion, this would not be detectable on urine analysis be-
cause equilibrium between 2, 4, and the endogenous or

1 We have invoked attack by the amide nitrogen on an immonium ion in-
termediate rather than directly on the carbinolamine because there is pre-

cedence for such intermediates in Mannich reactions and intuitively a nu-
cleophilic attack by a sterically hindered amide on a “stabilized carbonium

”

ion” seems a much more reasonable process than direct SN2 displacement
of OH~ from the carbinolamine carbon.
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exogenous (urine, solvents) aldehyde pool would have al-
ready occurred (Scheme II).

Recently Freund!! has reported that lidocaine is an ef-
fective agent in preventing ethanol withdrawal seizures in
addicted mice. It may be that the drug is exerting its
pharmacological action via its membrane-stabilizing prop-
erties. However, one cannot help but speculate that its
preventative effect may in some way be associated with
the propensity of its metabolite 4 to react with aldehydes.

These results would appear to have bearing on three
general areas of current research interest.

(1) Beckett? has coined the term ‘‘metabonate” for a
substance which appears to be a metabolite but which in
reality is formed during isolation and/or storage. The ease
by which 2 and 4 can be artifactually formed certainly il-
lustrates the problem and opens to question the genesis of
natural products formed by similar reactions. For exam-
ple, while isolating L-Dopa from velvet beans, one group of
workers13 reported finding 14 as a new naturally occurring
amino acid. Similarly, a second group!* reported finding
15 as a naturally occurring amino acid from the seeds of
Mucuna mutisiana. Since both compounds could result
chemicallyl® by condensation of acetaldehyde with L-Dopa
in the case of 14 and from formaldehyde in the case of 15,
the validity of these compounds as natural products is
open to some question.

(2) Much attention has been focused recently on the in
vivo and in vitro generation of substituted tetrahydroiso-
quinolines via the condensation of exogenous or endogen-
ously induced levels of aldehydes and the hormonal
amines,15-21 These substances are known to be pharmaco-
logically active in their own right and several groups of
workers have speculated as to their possible involvement
in the dependence and withdrawal phenomena of mor-
phine addition:19.20 and alcoholism.21 Our results would
indicate that quantification of levels of certain of these
condensation products might be extremely difficult. For
example, Sandler, et al.,22 have recently reported the in
vivo formation of aldehyde condensation products in pa-
tients being treated for Parkinsonism with r-Dopa. As
pointed out in their paper, they could not meaningfully
interpret their quantitative data on urine levels because of
great variability from determination to determination.

(3) The generality of the binding of low molecular
weight drugs or their degradation products to tissue pro-
tein components is becoming increasingly recognized.?? In
case of lidocaine, its metabolite, 4, readily condenses with
acetaldehyde to form 2, even though a sterically hindered
amide nitrogen must function as a nucleophile in this
reaction. This implies that good nucleophiles such as the
sulfhydryl group of cysteine, or the ring nitrogen of histi-
dine, could effectively compete for reaction with a reac-
tive intermediate formed in the process of dealkylation or
in the reverse reaction with aldehyde. If such reactive
electrophilic intermediates are a general phenomena in
N-dealkylation processes or in the presence of alcohol in-
gestion, then perhaps the biological responses, either effi-
cacious or toxicological, of various amine drugs may, at
least partially, be explained in terms of a reaction of such
an intermediate with a nucleophile of a critical macromol-
ecule. This possibility is under current investigation.

Experimental Section

Melting points were taken by capillarv on a Thomas-Hoover
Uni-Melt instrument and are uncorrected. Uv spectra were re-
corded on a Cary 16 spectrophotometer; ir on a Perkin-Elmer 337
spectrophotometer; nmr on a Varian A-60A (8) or a JEOL 100
MHz (5199); mass spectra were taken on an AEI MS 902 (direct
inlet, 70 eV). Vpc analyses were obtained on a Varian 2100 gas
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chromatograph equipped with flame ionization detectors using a
5.5 ft X 0.25 in. X 2 mm i.d. glass U column freshly packed with
2% Carbowax 20M on 80-100 mesh KOH-washed Chromosorb W.
Conditions employed were: column temperature 160°; injector
250°; detector 250°; Ng carrier gas flow 40 ml/min; hydrogen and
air adjusted to give maximum flame response; chart speed (Var-
ian A-25 recorder) 0.1 in./min. The column was equipped with a
10:1 splitter for collection of samples in capillary tubes for mass
spectral analysis or scintillation counting. A Tri-Carb Model 3375
scintillation counter was used for radioactivity determinations.
All determinations were made in 10-cc Aquasol (NEN) and cor-
rected for quenching using internal standardization with either
toluene-1#C standard (NEN) or toluene-3H standard (NEN).

Isolation of Basic Metabolites from Human and Monkey
Urine. Administration of lidocaine (1) to human volunteers was
accomplished via the oral route with 500-mg encapsulated doses
of 1 as the hydrochloride.§ Male Rhesus monkeys, restrained in
metabolism chairs, were administered by iv infusion 100 mg of 1
dissolved in sterile water for injection made acidic with a small
amount of HCIl, neutralized with NaOH, made isotonic with
NaCl, made to a volume of 40 ml, and filtered through a millipore
filter. Infusion was maintained for 20 hr at a rate of 2 ml/hr. Ali-
quots of the total urine collected for 36 hr were extracted (pH 11)
with equal volumes of solvent= by shaking for 30 min on an auto-
matic shaker in centrifuge tubes. The samples were then spun
down for 20 min at 1000g to help break emulsions. Combined ex-
tracts were extracted with two 0.5 vol of 10% HCl which were
combined and basified to pH 11 with 6 N NaOH followed by
back-extraction with 2 vol of solvent. After drying (NagSQy). sol-
vent was removed at room temperature by rotovac. Residue was
taken up in | ml of the solvent used for extraction and subjected
to glc. Retention times on a freshly packed column are: 5. 1.2 min;
2, 17 min; 3, 19 min; 1, 21.2 min; 4. 41 min. Retention times on a
column packed with 3% OV-17 on A/W Chromosorb W 80-100
mesh are: 5, 1 min; 2, 8 min; 3, 7.9 min; 1, 9.5 min; . 8.8 min
(185°).

w-Ethylamino-2,6-dimethylacetanilide (4). To a solution of
w-chloro-2,6-dimethylacetanilide2¢.25 (51.5 g, 0.25 mol} in 250 ml
of CsHg was added ethylamine, 60 ml of a 70% solution (0.5 mol),
and the two-phase system was refluxed for 5 hr. After cooling the
reaction mixture was poured into 1 vol of HyO and the CgHg laver
separated and extracted with two 0.5 vol of 10% HCl. Combined
acid extracts were back-washed with 1 vol of C¢Hg, basified with
NaOH to pH 11, and back-extracted with three %3 vol of purified
CHyCly. Combined organic extracts were washed with 1 vol of
H,0 and dried (Na2SQy4), and solvent was removed by rotovac at
room temperature to yield a crystalline mass. Recrystallization
from purified hexane gave 4 (25 g, ~50%) as white needles: mp
49-50.5° (lit.2¢ 47-49°); nmr é (CDClg, TMS) 1.18 (t, J = 7 Hz,
NCH.CHj), 1.63 (s, NH), 2.25 (s, aromatic Me’'s), 2.82 (g, = 7
Hz, NCH2CHs), 3.48 (s, O==CCHN), 7.1 (s, aromatics). 8.8 ppm
(broad s, HNC==0); mass spectrum caled for C;sHy1sN2O
206.14191, found 206.14228; mass fragments m/e¢ 191, 163, 148,
132, 120, 105, 91, 77, 53. Anal. (C12H;gN0) C, H, N.

N1.Ethyl-2-methyl-N3-(2,6-dimethylphenyl)-4-imidazolidi-
none (2). To an ice-bath cooled, stirred solution of 4 (20.6 g, 0.1
mol) in 2 1. of Et0 was added two 10-ml portions of acetalde-
hyvde. The reactants were warmed slowly to room temperature
and allowed to stir for 5 hr after which time solvent was removed
by rotovac yielding an orange oil. Recrystallization from petrole-
um ether (bp 30-60°) gave 2: 9.8 g (48%); mp 62-63°; ir (KBr)
1715 cm~1 (lactam C==0); nmr 5190 (CgHg-dg. TMS)** 0.87 (d. ./
= 5.5 Hz, C-2 methyD), 0.86 (t, J = 7.3 Hz, NCH.CH3), 2.05 and
2.56 (nonequivalent s, aryl Me's). 2.49 and 1.95 ppm (nonequiva-
lent octets, Juem = 14.5 Hz. Jy = 5.5 Hz, ring methine): mass

§ The original studies were carried out iun three normal human male vol-
unteers using randomly tritiated lidocaine. Once the cyclic metabolites
were identified, additional studies in both man and monkey employved nor-
mal lidocaine. We wish to thank Dr. C. T. Peng of the School of Pharmacy,
University of California, San Francisco, Calif.. for a generous gift o( the
randomly tritiated lidocaine. The randomness of the tritiated label and the
possibility of exchange in viro prevents the possibility of obtaining hard
quantitative dara. Hence, the figure of 3-5% of the administered dose ap-
pearing as extractable bases in the urine must be taken as a lower limit.
Lidocaine and all its known metabolites are currently being quantitated in
our laboratories utilizing chemical ionization mass spectrometry and stable
isotopes. These data will be the subject of a future report.

- As stated in the text, spectral grade solvents were used and in some
cases these solvents were further purified to remove all traces of aldehydes.

** The nmr for 2 given in ref 1. note 4. was determined in C¢Hs de and
not CDClj as reported.



Formation of a Substituted Imidazolidinone

spectrum caled for C14H20N20 232.15782, found 232.15756; mass
fragments m/e 217, 160, 147, 105, 91, 85, 70. Anal. (C14N2oN20)
C,H,N.

N1-Ethyl-N3-(2,6-dimethylphenyl)-4-imidazolidinone (3). To
a solution of 4 (1.0 g, 4.85 mmol) in 100 ml of CsHe was added a
twofold excess of 35% aqueous formaldehyde. The reaction was
refluxed for 3 hr, cooled, washed with saturated NaCl, and dried
(Na280,4). Removal of CgHg with a stream of Ny gas yielded a
white crystalline mass which was recrystallized from petroleum
ether (bp 30-60°) to give white needles of 3: 0.6 g (56.5%); mp
100-101°; ir (KBr) 1715 em-! (lactam C=0); nmr § (CDCls,
TMS) 1.16 (t, J = 7 Hz, NCH2CH3), 2.27 (s, aryl Me’s), 2.74 (q,
J = 7 Hz, NCH,CHj3), 3.47 (m, C-5 methylenes), 4.20 (m, C-2
methylenes), 7.13 ppm (s, aromatics); mass spectrum caled for
C13H15N20 218.14191, found 218.14127; mass fragments m/e 160,
147, 105, 90, 71, 58. Anal. (C13H1sN20) C, H, N.

N1-Methyl-2-methyl-N3-(2,6-dimethylphenyl}-4-imidazolidi-
none (7). (a) w-Chloro-2,6-dimethylacetanilide (10 g, 0.05 mol) in
50 ml of dry CsHg was added to a fourfold excess of CHgNH; in a
stainless steel bomb cooled in Dry Ice-acetone. The bomb was
sealed and heated for 18 hr at 100°. After cooling, the bomb was
unsealed and warmed to room temperature. The reaction mix-
ture was extracted twice with 5% HCI; the combined acid ex-
tracts were back-washed with Ety0, basified with KOH pellets,
and extracted twice with CHyCl,. The organic layers were
washed with saturated NaCl solution and dried over NasSOs,
and solvent was evaporated under N2 to give a pale yellow liquid
which was recrystallized from CH2Cl, to give white crystals (2.7
g) of w-N-methyl-2,6-dimethylacetanilide, mp 41° (1it.25 41°).

(b) A solution of w-N-methyl-2,6-dimethylacetanilide (1 g, 4.9
mmol) in 100 ml of C¢He was refluxed with excess acetaldehyde
for 1 hr. After cooling, the reaction mixture was washed with sat-
urated aqueous NaCl and dried over Na;SO4. Removal of solvent
under N3 gave an oil which was crystallized from petroleum ether
(bp 30-60°) to yield white crystals: mp 139-142°; nmr ¢ (CDCls,
TMS) 1.03 (m, C-2 methyl), 2.20 (s, aryl methyls), 2.45 (s,
NCHj), 3.25 (m, 1 H), 3.70 (m, 1 H), 3.80 (m, 1 H), 7.07 ppm (s,
aromatics); mass spectrum m/e 218, 203, 147, 132, 117, 105, 91,
71, 57 (base peak).

w-[8,8-dg-Diethylamino]-2,6-dimethylacetanilide or Lido-
caine-dg (9). (a) A mixture of AcsO-dg (Stohler, 5.0 g, 46 mmol)
and acetonitrile-ds (Stohler, 1.5 g, 34 mmol) was hydrogenated
(30 psi, Ha) on a Parr shaker over 60 mg of Adam'’s catalyst for 4
hr. An additional 30 mg of Adam’s catalyst was then added and
the hydrogenation continued an additional 2 hr. After removal of
reduced Pt by suction filtration, the filtrate was distilled through
a short-path distillation head to yield N-ethylacetamide-ds, 2.2 g
(71%).

(b) To an ice-bath cooled solution of AlH3 (~31 mmol) in THF
was added dropwise a THF solution of N-ethylacetamide-dg (1.5
g, 16.5 mmol) over 45 min. After 18 hr excess AlH3 was destroyed
with 2 ml of 1:1 THF-H;0 followed by hydrolysis of aluminate
complexes with 8 ml of 15% NaOH. The liberated diethylamine-
dg was codistilled with THF at 59-64°.

(c) To the 60 ml of THF solution containing diethylamine-dg
was added w-chloro-2,6-dimethylacetanilide2¢ (1.20 g, 60 mmol),
and the solution stirred at reflux for 2 hr. To the solution was
added 300 mg of NaOH in 1.5 ml of HoO and the reaction re-
fluxed an additional 4 hr. Rotovap of solvent yielded a pale yel-
low liquid which was taken up in Et20 and washed with H30 fol-
lowed by extraction with 10% HCIl. The acid extract was basified
with 3 N NaOH and back-extracted into Et,O. Ether back-extract
was washed with Hy0O, filtered through NasSQy4, and dried over
Drierite. Removal of solvent and recrystallization from petroleum
ether (bp 30-60°) yielded 9 (780 mg): mp 65-67°; nmr & (CDCls,
TMS) 2.23 (s, aryl Me’s), 2.66 (broad m, [N(CH5CD3)2]), 3.20 (s,
0=CCH:N), 7.07 ppm (s, aromatics); mass spectrum calcd for
C14H16N20(-dg) 228.12625, found 228.12703; mass fragments m/e
220, 148, 132, 120, 105, 92.

Metabolic Studies with 9. A 4.8-kg Rhesus monkey was ad-
ministered iv a total of 100 mg of 9 over 20 hr and aliquots of
36-hr urine were extracted as previously described using reagent
grade Et20. Mass spectral analysis of 2 collected from gic showed
that only three deuteriums were retained in the metabolite on the
N-ethyl side chain: mass fragments m/e 235, 220, 160, 147, 132,
117, 105, 91, 88 (base peak), 70.

w~[a~1*C-Diethylamino]-2,6-dimethylacetanilide (11). This
compound was synthesized by the procedure described above for
9 from acetonitrile-214C (Amersham-Searle) and redistilled AcsO.
The product was recrystallized five times from petroleum ether
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(bp 30-60°) to constant specific activity and the radiochemical
purity determined by glc and tlc (cyclohexane-CHCl;-MeOH
70:20:10) with the aid of a radiochromatographic scanner. A final
specific activity of 0.060 uCi/mg was obtained.

Metabolic Studies with 11. A 4.8-kg Rhesus monkey was ad-
ministered iv a total of 100 mg of 11, sp act. 0.060 uCi/mg, over
20 hr. The metabolites 2 and 3 were isolated from an aliquot of
the 36-hr urine as previously described and collected from glc.
Reinjection was used to verify their purity. Two independent
methods were then used to determine the specific activity of the
isolated metabolites. In the first method, 2 was taken up in 300 ul
of pure EtOH and its uv spectrum determined at 264 nm. The
absorbance obtained was compared to that obtained from the
spectrum of a known concentration of an authentic sample. Hav-
ing determined the concentration, we used a 100-ul aliquot for
scintillation counting. The specific activity was determined and
found to be 0.029 uCi/mg or ~49% that present in the originally
administered lidocaine (11). In the second method, standard
curves of known concentration of cyclic metabolites 2 and 3 vs. li-
docaine were determined by glc. A known amount of lidocaine
was added to 100-ul aliquots of each of the metabolites in pure
EtOH, the samples were subjected to glc, and the concentration
of each was determined from the standard curves. Another 100-ul
aliquot was counted and again the specific activity in both cases
was found to be 49% of that of the administered lidocaine (11).

Reaction of 4 with Acetaldehyde under Conditions of ‘‘Phys-
iological’’ Concentration and pH. To 1 1. of Na phosphate buffer
solution (pH 7.4) was added, with stirring, 1 ml of a 1 mg/ml so-
lution of acetaldehyde in distilled Ho0 followed 15 min later by 1
ml of a 1 mg/ml solution of 4 in phosphate buffer. The buffer so-
lution was stirred for 4 hr at room temperature, followed by a 4-hr
period of bubbling N2 gas through the solution in order to remove
as much of the remaining acetaldehyde as possible. The buffered
reaction mixture was evaporated (rotovac) at room temperature
under reduced pressure (~5 mm) to a volume of 50 ml and a
10-ul sample was subjected to glc. Glc analysis indicated 20%
conversion of 4 to 2 based on standard curves of the two com-
pounds on the Carbowax column used.

Study with EtOH-ds. A 5.2-kg Rhesus monkey was infused iv
with a 40-ml solution containing 10 ml of xylocaine (Astra) (10
mg/ml), plus 10 ml of 95% EtOH-ds (Stohler Isotope), plus 20 ml
of normal saline. Infusion was maintained at 2 ml/hr for 20 hr.
The total 36-hr urine was combined and extracted with aldehyde-
free CHoClz as previously described. Metabolite 2 was collected
from glc and subjected to EI mass spectral analysis which showed
peaks at m/e 232 (61), 233 (23), 234 (11.5), 235 (4.5), 236 (0). The
following controls were used. (a) Two weeks before coadministra-
tion of EtOH-dg and lidocaine, the same Rhesus monkey was ad-
ministered 100 mg of lidocaine by iv infusion in the usual man-
ner. The total 36-hr urine was combined and extracted with alde-
hyde-free CH2Cly as described. Comparative gle analysis of the
basic metabolites from EtOH-dg vs. control showed enhanced lev-
els (~25 times) of 2 in the EtOH-dg study. (b) One week prior to
infusion with EtOH-dg, the same monkey was infused with 10 ml
of unlabeled 95% ethanol in 30 ml of normal saline and 3 mg of 4
added to the urine collection pail. Urine was collected for 36 hr
and extracted with aldehyde-free CH2Cly in the same manner.
Comparative glc analysis of the basic metabolites from the
EtOH-dg vs. control extract showed enhanced levels (~20 times)
of 2 in the EtOH study, based on relative peak areas of 2 to 4.
This indicates that the enhanced levels of 2 found under condi-
tions of ethanol administration do not arise from the collected
urine.

Study with EtOH-7-14C. A 4.7-kg Rhesus monkey was infused
iv with a 40-ml solution containing 10 ml of xylocaine (Astra) (10
mg/ml), plus 10 ml of 95% EtOH containing 500 uCi of EtOH-1-
14C (NEN), and 20 ml of normal saline. The experimental and
isolation conditions were the same as those used in the EtOH-ds
study. The collected sample of 2 was taken up in 200 ul of pure
EtOH and a 100-ul aliquot counted. A 10-ul aliquot was reinject-
ed to indicate the chromatographic purity of the collected metab-
olite. Another 2 X 10 ul aliquot was cochromatographed on the
Carbowax system with known concentrations of lidocaine to de-
termine the concentration of 2 using a standard curve of peak
area ratios. The specific activity of 2 was 1.81 uCi/mmol. The spe-
cific activity of the administered EtOH was 2.96 uCi/mmol. This
indicates a 35-40% dilution of radioactive label in the metabolite 2.
The remaining sample was evaporated under a stream of Ny and
subjected to mass spectral analysis where the fragmentation was
found to be identical with synthetic 2.
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Doubly Labeled 4. For future studies, 4 labeled randomly with
tritium in the aromatic ring and specifically with 14C in the car-
bonyl group was synthesized.

(a) Tritiated water, 2 ml (~500 xCi), was distilled twice in
vacuo using a high vacuum manifold. To this was added freshly
prepared platinum black (50 mg) and freshly distilled 2,6-xylidine
(1.0 g, 8.2 mmol). Concentrated HoSO, was added dropwise with
stirring to solubilize the amine. The contents of the tube were fro-
zen in liquid N2 and the tube was sealed. The reaction was run
for 36 hr with the sealed-glass tube encased in a metal tube im-
mersed in an oil bath maintained at 90-95°. The dark purple
reaction mixture was then refrozen in liquid N; and the sealed
tube broken. Impurities were extracted with four 5-ml portions of
CHCl; and remaining contents basified with KOH pellets, The
product was extracted with three 10-ml portions of CH5Cly; com-
bined extracts were washed with H.O and filtered through
NazS04. Solvent was removed under a stream of Ny and product
vacuum distilled at room temperature (5-10 u) over 8 hr using the
high vacuum manifold to give 785 mg of clear liquid, specific ac-
tivity ~0.80 mCi/mmol.

(b) To tritiated 2,6-xylidine (700 mg, 5.8 mmol) in 40 ml of
CH;Cl, was added chloroacetic acid-1-14C (Amersham-Searle,
550 mg, 5.8 mmol, sp act. 0.15 mCi/mmol). DCC (1.24 g, 6 mmol)
in 10 ml of CHyCly; was added dropwise to the stirred solution
over 20 min and the reaction stirred 3 hr at room temperature.
White precipitate of dicyclohexylurea was filtered off and filtrate
washed with 2 X 10 ml of 10% Na2COz and 10 ml of H20 and
dried (Na2S0,). Removal of solvent and recrystallization to con-
stant specific activity from CCly gave doubly labeled w-chloro-
2,6-dimethylacetanilide (698 mg, 3H specific activity corrected for
quenching and crossover using internal standards ~0.82 mCi/
mmol, 14C specific activity corrected for quenching and crossover
using internal standards ~0.13 mCi/mmol).

(c) To doubly labeled w-chloro-2,6-dimethylacetanilide (198 mg,
1 mmol) in 20 ml of C¢Hg¢ was added a 70% aqueous solution of
ethylamine (161 mg, 2.5 mmol). After 3 days at 60° the reaction
was washed with HoO and extracted with 2 X 50 ml of 3 N HCl
and the combined acid extracts were back-washed with 25 ml of
CH,Clg. Acid extract was basified (pH 11) with 20% KOH and
back-extracted with 3 X 50 ml of CHzCl;. Combined CH2Cl; ex-
tracts were washed with 2 X 20 ml of HoO and dried (NasSO4).
Evaporation of solvent gave a 175-mg crystalline mass of doubly
labeled 4 which was recrystallized three times from hexane to
constant sp act. 112 mg (3H corrected sp act. 0.65 mCi/mmol, 14C
corrected sp act. 0.125 mCi/mmol). The purity of the product was
confirmed by glc analysis and radiochromatographic analysis.

Reverse-Isotope Dilution Study with Doubly Labeled 4. To
10 ml of pH 7.4 phosphate buffer was added doubly labeled 4
(~10 ug, sp act. 3H 0.65 mCi/mmol) and 50 1 of the resulting so-
lution added to a 1-1. aliquot of a total 36-hr human urine sample
from a normal male subject dosed orally with 500 mg of lidocaine.
The sample was placed in a refrigerator (10°) for 12 hr. Extrac-
tion and isolation of metabolites were carried out as previously de-
scribed using aldehyde-free CH2Cl; and the Carbowax glc sys-
tem. Metabolite 2 was collected and taken up in 1.5 ml of puri-
fied hexane, and its concentration was determined by uv absorb-
ance at 264 nm. Solvent was then evaporated under a stream of
N2 and radioactivity determined by scintillation counting using
the tritium channel. Specific activity found for 2 was 2.20 xCi/
mmol. Metabolite 4 was collected and diluted to 2 ml in purified
hexane. A 100-ul aliquot was counted using the tritium channel

Nelson, Breck, Trager

and 1.5-ml aliquot used for uv determination of concentration at
264 nm. Specific activity found for 4 was 1.90 4 Ci/mmol.
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