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ABSTRACT

Vitamin K is reduced to vitamin KH, by lipoate in bi-
ological systems. To provide a model system for this
reaction, we have studied the in vitro reduction of vi-
tamin K by 1,3-propanedithiol. This reaction occurs
rapidly in dimethyl sulfoxide (DMSO) at 23°C, dem-
onstrating the validity of this model system.
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Vitamin K (1) is an essential cofactor in blood
clotting [1]. In its reduced form, vitamin KH,, it is
an essential cofactor for the enzyme that is respon-
sible for the carboxylation of at least seven proteins
of the blood-clotting cascade (prothrombin, clotting
factors VII, IX, and X, and proteins C, S, and Z). In
the initial step of this process, enzymatic reduction
of vitamin K by lipoate (4a) provides the vitamin
KH, hydroquinone (2) with concomitant formation
of disulfide 5 (Scheme 1). Reaction of hydroquinone
2 with dioxygen in the enzyme in the presence of
clotting factors and carbon dioxide results in the car-
boxylation of the N-terminal glutamates of the pro-
teins, with concomitant formation of diketoepoxide
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3 [2]. Epoxide 3 is then reduced by lipoate (4a) to
regenerate vitamin K (1) [3].

In the course of our recent research, we have
used model systems to explore the role of noncova-
lent interactions in the redox chemistry of biological
cofactors [4]. These models allow us to examine im-
portant biological processes in simplified systems.
This allows us to isolate and quantify the enzyme-
cofactor interactions responsible for biological activ-
ity. The first step in the design of a viable model sys-
tem is the creation of an appropriate metaphor for
the enzymatic environment. The suitability of the
model chosen can then be assessed on a functional
basis. For reactions occurring in the generally an-
hydrous environment of the enzyme active site,
aprotic media provide the most logical choice for
model systems. We report here the initial results of
our model studies of the crucial dithiol-mediated re-
duction of vitamin K to the active vitamin KH,
hydroquinone.

To gain a better understanding of the enzymatic
reduction of vitamin K (1) to vitamin KH, (2), we
have studied the reaction of 1 with dithiols. Addition
of excess 1,3-propanethiol (4b) (Scheme 1) to de-
gassed solutions of vitamin K in dimethyl sulfoxide
(DMSO) at ambient temperatures resulted in a rapid
decolorization of the yellow mixture that could be
followed by UV-Vis spectroscopy [5]. This reaction
was reversible: upon exposure to air, the solution
rapidly regained its original yellow color and UV
spectroscopic absorptions. The positive identifica-
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FIGURE 1 Reduction of vitamin K to KH, in DMSO-d; [7].
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tion of the colorless product was complicated by its
instability toward aerobic oxidation. As a result, in-
frared and mass spectroscopic studies were incon-
clusive. To determine whether the product formed in
this reaction was the hydroquinone 2, or a quinone-
thiol adduct [6], we followed the reaction in situ by
'H NMR spectroscopy. As shown in Figure 1, treat-
ment of vitamin K (1) with 4b in DMSO-d, resulted
in dramatic changes in the aromatic region of the 'H
NMR spectrum of (1) [7]. These spectral changes co-
incide fully with those previously observed during
the hydrosulfite reduction of quinone 1 to provide
the hydroquinone vitamin KH, (2) (Scheme 1).

In summary, we have established that 1,3-di-
thiols effect the biomimetic reduction of vitamin K
in an aprotic medium. Experiments designed to ex-
plore the effects of noncovalent forces on this pro-
cess are currently underway and will be reported in
due course.
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