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Figure 1. Effects of UWEC-K1 and UWEC-K2 on blood clotting in the presence and absence of warfarin
after 4 days of separate administration and co-administration.

UWEC-K-2 at 4 days

1000 -
prothrombin clotting time
i Factor VII level
8 Factor X level
100 -
10

Control UWEC-K2 0.025 UWEC-K2 0.25 UWEC-K2 2.5 warfarin 0.25 warfarin 0.25 +
UWEC-K2 2.5

Figure 2. Effects of UWEC-K2 on blood clotting in the presence and absence of warfarin after 4 days of
separate administration and co-administration.
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Figure 3. Effects of UWEC-K1 and UWEC-K2 on blood clotting in the presence and absence of warfarin
after 10 days of separate administration and co-administration.
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Figure 4. Effects of UWEC-K2 on blood clotting in the presence and absence of warfarin after10 days of
separate administration and co-administration.
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SYNERGISTIC ANTICOAGULANT
COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Application Ser. No. 61/247,724, filed on Oct. 1, 2009, the

entirety of which is hereby expressly incorporated by refer- 0

ence herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

N/A
FIELD OF THE INVENTION

A new class of compounds has been developed that exhibit
cooperative activity with warfarin to quadruple the antico-
agulant activity of the coumarin, while not exhibiting signifi-
cant anticoagulant activity when administered alone.

BACKGROUND OF THE INVENTION

Various anticoagulant compositions, and in particular, war-
farin, have long been utilized in different human and animal
modalities, e.g., in rodent poison. However, as a result of the
continued use of the compound warfarin as a rat poison,
rodents have become less susceptible to the effects of war-
farin.

Therefore it is desirable to develop a composition that can
beutilized either as a substitute or as a complement to existing
anticoagulant compositions, such as warfarin, to increase the
effectiveness of the anticoagulant.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a com-
position has been developed that, when utilized in combina-
tion with warfarin, acts to greatly improve the anticoagulant
effects of warfarin in mammalian subjects. The composition
is a compound having a naphthohydroquinone ring system
substantially similar to the ring system of the reduced form of
vitamin K, and has the general formula:

OR,

R,

R3

OR4

where R, and R, are hydrogen or acyl;

R, is a saturated or unsaturated alkyl group with up to 6
carbons; and

R, is a saturated or unsaturated alkyl group with up to 20
carbons; or

R, and R; are part of a cyclic or polycyclic ring system; and

one or more hydrogen atoms of substituents R, and R, are
replaced by a leaving group, in which the leaving group is
chosen from

an epoxide, an aziridine or N-acyl- or N-sulfonylaziridine,
a halide (bromide, chloride or iodide), a sulfonate ester

25

30

35

40

45

50

55

60

2

(methanesulfonate, benzenesulfonate, p-toluenesulfonate,
p-bromobenzenesulfonate, p-nitrobenzenesulfonate, naph-
thalene-1-sulfonate, naphthalene-2-sulfonate);

and in which the leaving group is located so that it is not
more than four atoms removed from the closest carbon atom
of the naphthalene ring;

and which is capable of being oxidized in the presence or
absence of an enzyme such as the vitamin K-dependent
gamma-glutamyl carboxylase to give a structural analogue of
vitamin K 2,3-epoxide that is capable of binding to the
enzyme VKORC-1 in the vitamin K 2,3-epoxide binding site
in the presence of warfarin.

Numerous additional aspects, features and advantages of
the present invention will be made apparent from the follow-
ing drawing figures taken together with the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The drawings illustrate the best mode currently contem-
plated of practicing the present invention.

In the drawings:

FIG. 1 is a graph of the effects of UWEC-K1 and UWEC-
K2 on blood clotting in the presence and absence of warfarin
after 4 days of separate administration and co-administration;

FIG. 2 is a graph of the effects of UWEC-K2 on blood
clotting in the presence and absence of warfarin after 4 days
of separate administration and co-administration;

FIG. 3 is a graph of the effects of UWEC-K1 and UWEC-
K2 on blood clotting in the presence and absence of warfarin
after 10 days of separate administration and co-administra-
tion; and

FIG. 4 is a graph of the effects of UWEC-K2 on blood
clotting in the presence and absence of warfarin after 10 days
of separate administration and co-administration.

DETAILED DESCRIPTION OF THE INVENTION

The compounds that have been developed are methanoan-
thracenediol derivatives, and they appear to act initially as
sufficiently functional analogues of vitamin K to generate an
analogue of vitamin K epoxide, and this then acts as a poten-
tiator of the anticoagulant activity of warfarin in rats.

The compounds are prepared from the Diels-Alder adduct
of 1,4-naphthoquinone and cyclopentadiene by aromatiza-
tion of the dione ring by boiling with acetic anhydride and
acetic acid in the presence of p-toluenesulfonic acid as the
catalyst. The diacetate thus obtained is the first new com-
pound, which we have designated UWEC-K1. This diacetate
was epoxidized under standard conditions using m-chlorop-
eroxybenzoic acid in dichloromethane to give the corre-
sponding epoxide, which we have designated UWEC-K2.

(¢]
H
AcyO/AcOH/TsOH
_—m
A
H
(0]
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-continued
OAc
OAc
UWEC-K1

m-CPBA
CILCl,

OAc
SO

OAc

UWEC-K2

These compounds were administered to rats in feed (p.o.)
with and without warfarin. It was expected that the ester
groups would be rapidly hydrolyzed by stomach acid or
esterases in the gut of the rats to give analogues of dihydro-
vitamin K, which we designate UWEC-KH1 and UWEC-
KH2 (corresponding to the compounds obtained by esterase-

or stomach acid-catalyzed hydrolysis of UWEC-K1 and
UWEC-K2, respectively).

OAc OH
( esterase
D ——
OAc OH
UWEC-K1 UWEC-KH1
OAc
O( esterase
_—
OAc
UWEC-K2
OH
. — '[ ’
OH
UWEC-KH2

These compounds may be substrates for the vitamin K-de-
pendent gamma-glutamyl carboxylase (GGCX), or may be
subject to oxidation without catalysis by the enzyme. Upon
administration it was not known if the compounds would act
as strict vitamin K analogues or as competitive inhibitors of
the GGCX (i.e these compounds could act as fully functional
replacements for dihydrovitamin K, which would make them
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warfarin antagonists and coagulation-promoting agents, or
competitive inhibitors of dihydrovitamin K which do not lead
to carboxylation of the glutamate side chains, which would
make them anticoagulants). However, it was anticipated that
the action of GGCX on both of these compounds would
convert them into structural analogues of vitamin K epoxide
(UWEC-KO1, UWEC KO-2).

OH O
GGCX
—_—
0,
OH (@]
UWEC-KH1 UWEC-KO1
OH
GGCX
_
Oy
OH
UWEC-KH2
O
e( 0
(@]
UWEC-KO2

It was further anticipated that these compounds would func-
tion as inhibitors of the vitamin K epoxide reductase
(VKOR), and most especially of'the C-1 polymorph, which is
important in warfarin inhibition of coagulation.

EXPERIMENTAL

Feeding Protocol.

Male, albino, Sprague-Dawley rats (n=100) weighing 150-
175 g were placed in quarantine for 1 week and then housed
in individual cages. To determine food consumption, rat chow
in containers was weighed at the beginning and end of the day
to determine the weight of the food consumed by each animal.
The containers were modified to prevent spillage. Rats were
provided with water ad libitum. The chow was composed of
rolled oats, sugar and peanut oil (92:4:4) (w:w:w) plus a
standard vitamin/mineral mix.

Administration of anticoagulant was accomplished by uni-
formly dispersing the compound in the peanut oil used in the
chow. The anticoagulants were prepared to one of 3 concen-
trations: the LDy, concentration for warfarin for a rat weigh-
ing 180 g (assuming a 30 g weight gain during quarantine), or
1 log concentration above or below the LDy, concentration.
The LD, for warfarin is 1 mg/kg/day for 5 days. Thus diets
were constructed at 0.1 mpk/d. 1 mpk/d and 10 mpk/d. Actual
concentration of the drug to be applied will be based on the
average food consumption determined for the rats.
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Groups of rats were established as follows for each UWEC-K
compound:
A. Diet (Negative) controls: no anticoagulant additive to
food
B. Positive controls: food treated with warfarin at LD;, 5
concentration for a rat weighing 180 g
C. Control to evaluate potentiation or diminution of war-
farin effect. (B plus D2)
D. Experimental: food treated with UWECK compound at
one of three doses
1) equivalent dose of warfarin (0.25 mg/kg)
2) 1 log concentration above the dose
3) 1 log concentration below the LD5, dose
There were 10 animals each for groups A, B, C, D1, D2, and
D3. The groups will be repeated for each of the two com-
pounds. Four animals in each group were anaesthetized at 96
hours, and exsanguinated by cardiac puncture. Prior to exsan-
guination each animal was anesthetized by the intraperitoneal

injection of 50 mg/kg of sodium pentothal. Blood was col- ,,

lected in 3.2% citrate in pediatric tubes and tested for pro-
thrombin time and active coagulation factors VII and X. Fac-
tor V will also be tested as a marker of potential hepatic
toxicity. The remainder of the animals were continued on

15
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their treatment protocol for a total time of 10 days, sacrificed
as described above, and prothrombin time, levels of active
coagulation factors V, VII and X, LDH, AST, ALT, Alkaline
Phosphatase and creatinine were determined in plasma and
serum extracted from the animals. Animals were monitored
twice daily and any animals found in apparent distress with be
immediately sacrificed as above.
The rationale for dose selection was as follows:
Studies have shown that 0.25 mg/kg will maintain an INR
of 2.6 in rats of approximately 200 gm BW
Thelog dose both above and below this dose will give some
understanding of a dose response curve for anticoagu-
lant effect and look at potential toxic effects of the com-
pound at large and small doses.
The outcome observations that were determined:
Change in prothrombin time in animals treated with anti-
coagulants compared to controls
Change in levels of factor VII and X in animals treated with
anticoagulants compared to controls
Change in level of factor V, LDH, AST, ALT, Alkaline
Phosphatase and creatinine in any group (toxicity con-
trol)
The results of the feeding studies are gathered in Table 1
(4-day) and Table 2 (10-day).

TABLE 1

4-Day feeding results.

Warfarin UWEC-K1 UWEC-K2
Control 0.25 mpk 0.25 mpk 0.25 mpk
Mean SEM Mean SEM Mean SEM Mean SEM
Alk Phos 24455 15.92 24230 19.16 24575 26.81 24033 27.94
ALT 52.18 6.67 46.00 3.78 41.75 131 45.00 4.00
AST 148.36  10.11  123.25 6.30  152.75 2028 13533 14.50
LDH 1603.64 170.33 1168.88 223.80 1168.00 244.21 1496.33 459.43
Creat. 0.11 0.01 0.11 0.01 0.10 0.00 0.10 0.00
Pro Time 12.76 0.48 36.98 5.89 11.60 0.06 11.63 0.09
VII % 400.00  33.16 29.54 412 351.33 11.22 33433 2630
X % 60.55 2.96 10.00 0.00 65.33 2.60 61.00 5.57
UWEC-K1 UWEC-K2 UWEC-K1 UWEC-K2
2.5 mpk 2.5 mpk 0.025 mpk 0.025 mpk
Mean SEM Mean SEM Mean SEM Mean SEM
Alk Phos 230.67 34.81 217.25 13.54 170.67 12.33 213.50 11.27
ALT 39.00 4.16 35.50 3.52 37.67 5.21 40.25 2.39
AST 125.67 22.39 11475 7.60 121.00 13.08  104.75 8.34
LDH 1304.67 426.98 1026.50 140.70 1075.33 273.97 75875 191.75
Creat. 0.10 0.00 0.10 0.00 0.15 0.03 0.10 0.00
Pro Time 11.78 0.31 12.73 0.65 11.18 0.21 11.38 0.17
VII % 370.75 7.35 39550 18.00 346.75 33.59  366.25 7.75
X % 64.25 2.39 61.00 3.67 74.50 7.96 73.25 4.03
UWEC-K1 2.5 mpk UWEC-K2 2.5 mpk
Warfarin 0.25 mpk Warfarin 0.25 mpk
Mean SEM Mean SEM
Alk Phos 236.50 5.61 260.75 18.32
ALT 50.25 5.62 41.00 2.80
AST 93.50 5.98 105.75 9.72
LDH 183.25 26.25 583.75 209.73
Creat. 0.13 0.03 0.10 0.00
Pro Time 40.53 5.98 11.95 0.22
VII % 20.25 3.57 264.00 27.51
X % 4.75 1.49 58.75 3.35
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TABLE 2
10-Day feeding results.
Warfarin UWEC-K1 UWEC-K2
Control 0.25 mpk 0.25 mpk 0.25 mpk
Mean SEM Mean SEM Mean SEM Mean SEM
AlkPhos  218.82 10.27 249.73 1251 283.50 13.01 27417 1530
ALT 4353 1.88 4809 147 4833 191 4750 266
AST 10641 633 91.82 324 12133 738 11867  2.92
LDH 833.59 88.80 62618 6672 1330.33 21247 144550 74.70
Creat. 017 001 015 0.02 015 0.02 012 0.02
Pro Time 1291 0.65 2438 359 1172 008 1155 0.09
VII % 32131 1471 5618 561 30467 1539 29517  8.69
X % 5806 181 1485 179 6117 212 5983 271
UWEC-K1 UWEC-K2 UWEC-K1 UWEC-K2
2.5 mpk 2.5 mpk 0.025 mpk 0.025 mpk
Mean SEM Mean SEM Mean SEM Mean SEM
AlkPhos 26400 17.32 26417 1036 25217 1439 24167 19.80
ALT 4933 275 48350 296 4933 375 4817 346
AST 12467 878 110.67 618 13467 696 13233 13.73
LDH 1663.83 198.70 123450 16747 1697.17 126.07 155233 244.01
Creat. 015 0.02 015 0.02 013 0.02 010 0.00
Pro Time 11.63 008 1157 010 1137 006 1158  0.06
VII % 286.83  10.00 32533 18.56 36400 21.04 350.17 1134
X % 61.00  1.81 6333 138 6800 0.3 6417 149
UWEC-K1 2.5 mpk UWEC-K2 2.5 mpk
Warfarin 0.25 mpk Warfarin 0.25 mpk
Mean SEM Mean SEM
Alk Phos 215.50 9.23 190.60 36.90
ALT 46.67 2.14 39.40 6.55
AST 101.33 7.61 101.00 12.51
LDH 653.33 198.97 795.20 281.92
Creat. 0.13 0.03 0.18 0.05
Pro Time 35.38 4.29 108.42 38.46
VII % 35.00 5.00 18.40 8.57
X % 7.67 1.15 3.60 1.21
The data in the tables relative to blood clotting are the Pro TABLE 4
Time (the time required for prothrombin coagulation), VII %
(a measure of the amount of clotting factor VII in the blOOd), Prothrombin coagulation time; Factor VII and Factor X at 10 days.
o . .
and X % (a measure of the arpount of clotting fe}ctor X in the Experiment ProTime SEM VII% SEM X% SEM
blood. These data are combined rearranged with particular
: : Control 1291 0.65 32131 1471 5806 1.81
emphasis on these data into Table 3 (4 days) and Table 4 (10 45 UWEC.K1 0.025 1137 006 36400 2104 6800 063
days). UWEC-K1 0.25 11.72 0.08 304.67 1539 61.17 212
UWEC-K1 2.5 11.63 0.08 286.83 10.00 61.00 1.81
TABLE 3 UWEC-K2 0.025 11.58 0.06 350.17 11.34 6417 149
UWEC-K2 0.25 11.55 0.09 20517 869 359.83 271
UWEC-K2 2.5 11.63 0.08 286.83 10.00 61.00 1.81
Prothrombin coagulation time; Factor VII and Factor X at 4 days. 50 warfarin 0.25 2438 3.59 56.18 5.61 1485 1.79
warfarin 0.25 + 35.38 429 3500 500 7.67 115
Experiment ProTime SEM VII% SEM X% SEM UWEC-KI 2.3
warfarin 0.25 + 10842 3846 1840 857 3.60 1.1
UWEC-K2 2.5
Control 12.76 048  400.00 33.16 6055 2.96
UWEC-K1 0.025 11.18 021 34675 33.59 7450 796 55
UWEC-K1 0.25 11.60 0.06 35133 11.22 65.33  2.60 The most striking result from these tables is the behavior of
UWEC-K1 2.5 11.78 031 37075 735 6425 239 UWEC-K2 over the time period of the experiment. At 4 days,
UWEC-K2 0.025 11.38 017 36625 775 7325 4.03 UWEC-K2 is clearly an anti-warfarin: with the exception of
UWEC-K2 0.25 11.63 0.09 33433 2630 6100 5.57 the Factor VII levels, the administration of UWEC-K2 and
UWEC-K22.5 12.73 0.65 39550 18.00 6100 3.67 0 warfarin gives results that are not significantly different from
warfarin 0.25 36.98 589 2954 412 1000 0.00 control. At 10 days, on the other hand, UWEC-K2 enhances
warfarin 0.25 + 40.53 598 2025 357 475 149 the effects of warfarin to a significant degree: the prothrombin
UWEC-K1 2.5 clotting time is increased by almost an order of magnitude
warfarin 0.25 + 11.95 022 26400 2751 5875 335 compared to control, and by a factor of over 4 relative to
UWEC-K22.5 65 warfarin alone; the levels of Factor VIl are reduced by a factor

of’close to 20 compared to control, and by a factor of 3 relative
to warfarin alone; the levels of Factor X are reduced by a
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factor of close to 20 compared to control, and by a factor of 4
relative to warfarin alone. This implies that at 10 days,
UWEC-K2 quadruples the anticoagulant activity of warfarin.

These results can be viewed in the form of the plots in
FIGS. 1-4. From these results, it is clear that at 4 days, the first
six sets of results do not differ significantly from control,
which is evidence that neither UWEC-K1 nor UWEC-K2
affects blood clotting time or the levels of the clotting factors
VIand X. At4 days administration, we find that UWEC-K2 is
a strong inhibitor of the activity of warfarin, as shown in
FIGS. 1 and 2. Note that the scale in FIG. 2 is logarithmic and
illustrates how UWEC-K2 at 4 days effectively reverses the
effects of warfarin: the clotting time falls, and the levels of
both Factor VII and Factor X increase, although the level of
Factor VII does not quite return to the level of control.

Just as at 4 days, the first six sets of results at 10 days do not
differ significantly from control, which is evidence that nei-
ther UWEC-K1 nor UWEC-K2 affects blood clotting time or
the levels of the clotting factors VII and X at this time. These
FIGS. 1-4 do, however, show how both UWEC-K1, and much
more effectively UWEC-K2 at 10 days both significantly
enhance the effect of warfarin. In particular, after 4 days of the
co-administration of warfarin and UWEC-K2, the blood
analyses show that the UWEC-K2 leads to a substantial res-
toration of clotting factors VII and X, and a reduction in the
prothrombin time to near control levels, despite the co-ad-
ministration of warfarin, as is clearly evident from FIGS. 1-2.
After 10 days of co-administration, the effects of the UWEC-
K2 dramatically change, as is obvious from FIGS. 3-4. At this
point in time, the activity of UWEC-K2 is reversed and it
becomes a strong potentiator of the anticoagulant activity of
warfarin, enhancing its activity by a factor of approximately
4.

The interpretation of these results of the anticoagulant
studies is in terms of the initial hydrolysis of the ester groups
of UWEC-K1 and UWEC-K2 to give the analogues of dihy-
drovitamin K, UWEC-KH1 and UWEC-KH2. Neither of
these compounds functions as an enhancer of the anticoagu-
lant activity of warfarin at 4 days, which is consistent with
these compounds having to undergo an essential transforma-
tion prior to their enhancement of warfarin activity being
revealed.

It is suggested that this required transformation is in the
form of conversion of these compounds to the corresponding
UWEC-KO analogues of vitamin K epoxide. This would
mean that that both these compounds are substrates for
GGCX, with UWEC-KH2 being not only a substrate, but also
a functional substrate of the carboxylase, which allows it to
promote the carboxylation of the clotting factors, and hence
function as an inhibitor of the activity of warfarin. Clearly,
UWEC-KHI1 does not promote carboxylation of the clotting
factors when it is oxidized by GGCX. Equally clearly, both
UWEC-KH compounds are converted between 4 and 10 days
into compounds (we suggest that these are UWEC-KO1 and
UWEC-KO2) that, while not effective alone as oral antico-
agulants, do act in concert with warfarin. This may indicate
that both molecules (warfarin and the UWEC-KO com-
pounds) bind to sites on VKORC-1 to prevent the reduction of
vitamin K epoxide, and that this synergism is responsible for
the enhanced activity of the warfarin.
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O
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The difference between the two compounds is the pres-
ence, in UWEC-KO2, of a reactive epoxide ring that is absent
from UWEC-KOI1. This strongly suggests that this epoxide is
important in the observed dramatic enhancement of the anti-
coagulant activity of warfarin. It is hypothesized that this
marked synergism between warfarin and UWEC-KO2 may
reflect a covalent linkage being formed between then while
both are held in the binding sites on VKORC-1, as shown
below.
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Implicit in this argument is the deduction that there are two
warfarin binding sites in VKORC-1, and that UWEC-KO2
may bind to one of these sites, while warfarin binds to the
second. This, in turn, raises the question of whether warfarin
itself actually binds twice to VKORC-1 (this would provide
one possible explanation of the lack of sensitivity of some
populations to warfarin: if one or other of these two binding
sites is mutated such that warfarin no longer fits the site, its
anticoagulant activity would be reduced, if not eliminated).

If'the two molecules are held in sufficiently close proximity
to react, it is not unreasonable to hypothesize that molecules
similar to UWEC-KO2 (or the pro-drug, UEWC-K2) should
also function the same way. Thus, 2,3-disubstituted-1,4-
naphthalenediol derivatives carrying a leaving group in the
side chains might be expected to exhibit the same synergistic
effect with warfarin. It is proposed that the compounds illus-
trated below all represent readily accessible analogues of the
UWEC-K2 molecule. FEight general classes of these com-
pounds are shown below. All have the same naphthalene ring
system with the hydrolysable ester groups, and the same
geometric relationship between the leaving group (an
epoxide or halide or sulfonate ester) and the ring system. It is
reasonable to expect that if UWEC-KH2 is a substrate for
GGCX, these compounds, also, should be substrates for
GGCX, so that all should be convertible to the UWEC-KO
analogues. In these structures, X represents a group capable
ofreacting with the nucleophilic site on warfarin (presumably
the 4-hydroxyl group), and is chosen from the group of the
halogens, sulfonate esters, epoxides, and aziridines, acy-
laziridines, or sulfonylazirodines.
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Various alternative embodiments are contemplated as
being within the scope of following claims particularly point-
ing out and distinctly claiming the subject matter regarded as
the present invention.
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What is claimed is: wherein R, and R, are hydrogen or acyl; and
1. A compound comprising a structure according to for- wherein X is selected from the group consisting of aziri-
mula T or formula IT: dine, N-acyl-aziridine, N-sulfonylaziridine, halide, and

sulfonate ester.

OR, 2. The compound according to claim 1, wherein the com-

pound has the structure:
<CHz>x—m

(CHa), (CHy),

10
<CH2>W—’\/

8

OR4
1
Ry
- OA
o 15 ¢
20
OAc
N
R4
I
Ry
O/
25
X
O ( 3. A method of increasing the anticoagulant activity of
X warfarin, comprising administering to a subject an effective
3 30 amount of warfarin and an anticoagulant compound accord-
g, ing to claim 1.
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