C-Glucuronidation of the Acetylenic Moiety of

Ethchlorvynol in the Rabbit

Abstract. An acetylenic C-glucuronide of the sedative-hypnotic drug ethchlorvynol
was isolated from rabbit urine as the major metabolite. The C-glucuronide repre-
sents a novel metabolic pathway for acetylenes and is a rare example of the forma-
tion of a carbon-glucuronide bond in mammalian systems.

Glucuronidation is the major metabol-
ic pathway for the elimination of many
drugs and endogenous compounds. It is
also the most common conjugation reac-
tion in mammals (/). Indeed, a large vari-
ety of aromatic, aliphatic, and heterocy-
clic compounds containing hydroxyl,
carboxyl, sulfhydryl, and amino or imino
groups form glucuronides. In this report,
we identify an acetylenic C-glucuronide
of ethchlorvynol (structure 1), a seda-
tive-hypnotic drug. It is an example of an
acetylenic conjugate. C-Glucuronides,
conjugates of glucuronic acid attached
by a carbon-carbon bond, are known for
only two other types of compounds. The
formation of C-glucuronides in man has
been shown for the pyrazolidine drugs,
phenylbutazone and sulfinpyrazone (2).
In addition, an aromatic C-glucuronide
of Af-tetrahydrocannabinol has recently
been observed in the mouse (3).

The metabolism of ethchlorvynol has
been studied (4, 5) in man, rabbits, and
rats. All of these species have been re-
ported to metabolize 1 extensively (more
than 95 percent). However, a glucuro-
nide, sensitive to B-glucuronidase and
accounting for 1 to 2 percent of a dose,
has been the only metabolite identified.
To further elucidate the metabolic fate of
1, we administered *C-labeled 1 (custom
synthesis, ICN, acetylenic-*C, 1.05 Ci/
mole) to rabbits and collected urine for
analysis.

Essentially all the radioactive dose
was found in the urine within 2 days after
the administration into a marginal ear
vein of a bolus (5 mg/kg) in isotonic sa-
line. Less than 0.05 percent of the dose
was excreted unchanged. Paper electro-
phoresis, ion-exchange chromatography,
and extraction techniques indicated that
the radioactivity in whole urine was a
mixture of polar weak acid components.
Our findings, which are consistent with
those of Nitta et al. (5), were that only 1
to 2 percent of the urinary metabolites
were hydrolyzed by sulfatase and f-
glucuronidase (Glusulase, Endo Labora-
tories) to give a nonpolar extractable
product.

The major metabolite in the urine (ac-
counting for 30 percent of an intravenous
dose of 60 mg/kg, 50 mCi/mole, infused
during 5 hours) was isolated by high-per-
formance liquid chromatography (6) with
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use of a C-18 reverse-phase column.
Since the metabolites demonstrated no
ultraviolet absorption at the wavelengths
monitored (254, 280, and 365 nm), the ef-
fluent was sampled for radioactivity by
liquid scintillation counting. Urine sam-
ples were concentrated by lyophiliza-
tion, reconstituted in a small volume of
appropriate mobile phase, and centri-
fuged to remove particulates. Three mo-
bile phases were employed to effect sep-
aration and isolation: (i) to separate the
major metabolite from other metabolites,
1 percent acetic acid, 30 percent meth-
anol, and 2 percent acetonitrile; (ii) to
separate the major metabolite from uri-
nary components, 40 percent methanol
in 10 mM acetate buffer, pH 6.0; and (iii)
to further purify the major metabolite
and remove salts, 5 percent methanol
and 5 percent acetonitrile in water. .
Mass spectra (7) were obtained after
treating the isolated metabolite with dia-
zomethane followed by N,O-bis(tri-
methylsilyltrifluoroacetamide (8) over-
night at room temperature. With direct
insertion, the electron-impact mass spec-
trum showed a fragmentation pattern
typical of the carbohydrate portion of a
glucuronide (9) at mass-to-charge ratios
(mle) of 407, 317, 275, 217, and 204.
However, no molecular ion was seen,
and the only chlorine-containing frag-
ment was at m/e 127/129. A chemical ion-
ization mass spectrum showed nothing
at the MH™" expected (m/e 551/553) for
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the methyl ester of a tris-trimethylsilyl
derivative of ethchlorvynol O-glucuro-
nide, structure 2, but instead showed
ions at m/e 623/625, 407, 317 (base peak),
275, and 127/129.

The observation of an MH* ion 72
mass units higher than that expected for
the O-glucuronide, structure 2, sug-
gested the incorporation of an additional
trimethylsilyl (TMS) group during the
derivatization. This was confirmed by
derivatizing a fresh sample with diazo-
methane followed by N,0,-bis(trideute-
romethylsilyl)trifluoroacetamide-dis (10).
The chemical ionization spectrum of this
derivative showed that the MH" had
moved 36 mass units to m/e 659/661,
thus confirming the incorporation of four
TMS groups. Some preparations also
showed an ion at m/e 681/683, which cor-
responded to a derivative with five TMS
groups minus a methylene, presumably a
TMS ester formed because of incomplete
methylation of the acid during the diazo-
methane step.

The mass spectral data were consis-
tent with structure 3 (//), but could also
be explained by structure 2 if the termi-
nal hydrogen of the acetylene group
were replaced by a TMS group. How-
ever, when ethchlorvynol was silylated
under exactly the same conditions as
those used for the metabolite, the in-
frared, proton magnétic resonance, and
mass spectra of the product showed re-
placement of the alcoholic, but not of the
acetylenic, hydrogen.

Conjugation with glucuronic acid at
the acetyleng position was further con-
firmed by jpfrared spectroscopy (/2),
with carbon {gtrachloride solutions of 1,
the acetate of 1, the methyl ester of
glucuronic acid tetraacetate, and the per-
acetylated methyl ester of the metabo-
lite. The methyl esters of D-glucuronic
acid and the metabolite were prepared
by treatment with diazomethane. These
methyl esters, as well as 1, were acetyl-
ated overnight with acetic anhydride and
N-acetylimidazole in pyridine at 50°C.
Strong infrared absorption at 3311 cm™
(C=C-H stretch) was observed for 1 and
the acetate of 1, but not for the metabo-
lite and D-glucuronic acid derivatives.
The carbonyl stretch at 1750 cm™! was
noted for all but 1. Weak absorbance in
the 2100 cm™! region (C=C stretching)
was observed for 1, the acetate of 1, and
the metabolite derivative. These obser-
vations support the assignment of struc-
ture 3 to the metabolite for two reasons.
First, the lack of absorption in the 3300
cm™! region for the metabolite indicated
the absence of a terminal hydrogen on
the acetylenic group. Second, the strong
absorption of ethchlorvynol acetate at
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3311 cm™, with no absorption in the
3600 cm™! region, indicated acetylation
of the alcohol and not of the acetylenic
group.

The proton magnetic resonance spec-
trum (/3) of the metabolite in D,O was
compared to that of 1 in a mixture of
CD;0OD and D,O (1:1). The ethyl and the
vinyl chloride groups were intact, but the
acetylenic proton was absent. The pres-
ence of a multiplet (4H), 3.1 to 3.8 ppm
(8), and a doublet (1H), 4.7 ppm,J = 7.7
Hz, in the metabolite spectrum sug-
gested a sugar moiety in the B8 con-
formation, as is normally the case for
naturally occurring glucuronides.

All of the spectral data support the as-
signment of structure 3 to the major me-
tabolite. Furthermore, our inability to
demonstrate hydrolysis of the metabolite
with B-glucuronidase is consistent with
the observation (2) that the C-glucuro-
nides of phenylbutazone and sulfinpyra-
zone are not substrates for the enzyme.

The identification of three types of C-
glucuronides in mammalian systems sug-
gests the possibility that many uniden-
tified polar metabolites that are not hy-
drolyzed by pB-glucuronidase may, in
fact, be products of C-glucuronidation.
This raises interesting questions regard-
ing the specificity of the enzymes re-
sponsible for glucuronidation and the
mechanisms by which they function.
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Critical-Path Scheduling of Mental Processes in a Dual Task

Abstract. Scheduling theory is used to extend the additive factors method of ana-
lyzing reaction times to tasks involving concurrent processing. Data indicate that
mental processes in a double-stimulation experiment by Becker are executed in a
critical-path network. A relationship predicted for the timing of the responses of the

task is shown to hold.

When a set of mental processes, such
as perceiving and deciding, must be exe-
cuted to perform a task, the brain must
resolve the same problem as that faced
by computer operating systems and in-
dustrial managers, namely, how to
schedule the many activities demanding
attention. The problem is treated in the
theory of scheduling (/). If this theory
applies to mental processes, certain pre-
dictions follow for reaction times.

The primary technique for analyzing
reaction times is Sternberg’s additive
factors method (2). Its usefulness is lim-
ited, though, mainly to tasks in which all
processing is sequential. But concurrent
processing is likely and of much theoreti-
cal interest since Townsend (3) has
shown that both kinds of processing of-
ten yield the same reaction time distribu-
tions. Tasks incorporating both kinds of
processing can be analyzed if Stern-
berg’s method is combined with ideas
from scheduling theory.

With the additive factors method, two
experimental factors that increase reac-
tion time are manipulated. Suppose (i) all
the processes of a task are executed in a
sequence and (ii) each factor prolongs a
different process. The effect on reaction
time of prolonging both processes will be
the sum of the effects of prolonging them
individually. A violation of additivity has
usually been interpreted in the frame-
work of the method as indicating that (ii)
is false. But nonadditivity might indicate
instead that (i) is false, that processing is
not entirely sequential. Nonadditivity
turns out to be likely when separate
processes are prolonged in a task in-
volving concurrent processing. For such
a task, of course, there is no reason to
expect the principles of the additive fac-
tors method to apply without modifica-
tion.

The modifications presented here are

0036-8075/80/0808-0704$00.50/0 Copyright © 1980 AAAS

based on critical-path scheduling (/),
which allows both sequential and con-
current processes to occur. The tech-
nique requires only that the processes be
partially ordered, that is, that they can
be represented by a directed acyclic net-
work (Fig. 1).

As the critical-path method is ordinari-
ly used, the network is given, and the
time required to complete the task is to
be calculated. The psychologist has the
opposite problem of knowing the time re-
quired to complete the task under vari-
ous conditions and wanting to recon-
struct the unknown network. The key to
constructing the network is to use the
idea from the additive factors method of
prolonging processes. The effects of
such prolongations are surprisingly in-
formative about the network.

In a double-stimulation experiment by
Becker (4), two factors have additive ef-
fects, but there is evidence that the un-
derlying network is more complicated
than a simple sequence of processes. In
the experiment, the digit 1 or 2 was pre-
sented visually, and, after an interval of
either 90 or 190 msec, a tone of high or
low frequency was presented. On each
trial the subject pressed a button with
one hand to indicate which digit oc-
curred and another with the other hand
to respond to the tone. In one condition
the subject pressed the same button for
either tone, and in another condition he
chose one of two buttons to indicate
which tone occurred.

Table 1 gives the increases in response
times produced by changing the experi-
mental conditions. Departing from cus-
tom, I express response times for both
responses measured from the onset of
the first stimulus, the digit. Response
times in the condition with one toné re-
sponse choice and 90 msec between
stimulus onsets are baselines from which
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