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We have previously reported that N-(4-isopropyl-2,2-dimethyl-3-oxo-3,4-dihydro-2H-benzo[1,4]oxazine-6-
carbonyl)guanidine (4b) methanesulfonate salt (KB-R9032) is a potent and highly water-soluble Na/H exchange
inhibitor. In a series of studies on Na/H exchange inhibitors, we designed and synthesized N-(3-0x0-3,4-dihydro-
2H-benzo[1,4]thiazine-6-carbonyl)guanidines (5) as more potent inhibitors with high water-solubility. The design
strategy for 5 was based on a quantitative structure—activity relationship (QSAR) study, involving the propor-
tional relationship between the biological activity and hydrophobicity of the ring structure of compounds 4. As
expected, compounds 5 showed more potent activity than 4. It was found by using the QSAR analysis that S were
about five-fold more potent than 4. The increase in potency of compounds 5 well agreed with our previous QSAR
analysis result. The most potent derivative was the methanesulfonate salt Sd of the 4-isopropyl derivative
(IC5,=0.0091 um). And in addition to the in vitro study, 5d showed significant protective activity against a rat

acute myocardial infraction model.

Key words Na/H exchange inhibitor; quantitative structure—activity relationship; N-(2H-benzo[1,4]thiazine-6-carbonyl)guani-

dine

Changes in intracellular pH have been implicated in the
pathophysiology of essential hypertension, myocardial is-
chemia, postischemic dysfunction and cellular death. How-
ever, the cells have some mechanisms which control and reg-
ulate intracellular pH. These mechanisms become vital, e.g.,
for the correction of intracellular acidosis during and follow-
ing a period of myocardial ischemia. One of the major alka-
lizing exchangers that exist in the myocardial cell is the Na/H
exchanger which extrudes protons by the countertransport of
Na* ions. There are many reports that the Na/H exchanger
plays a key role in the pathophysiology of cardiac ischemia
and reperfusion.”

Although activation of the Na/H exchanger is essential for
the restoration of normal intracellular pH, it results in a dele-
terious Na* overload after a prolonged period of ischemia.
Due to the coupling via a Na/Ca exchanger, this causes a cel-
lular Ca®* overload, and finally, serious contractile dysfunc-
tion, arrhythmia, and cellular death. Recently, inhibition of
the Na/H exchange has been experimentally shown to be a
useful approach in limiting Ca?" influx and avoiding its seri-
ous consequences during ischemia and reperfusion.”

Some monocyclic aroylguanidines, EIPA (1), HOE-694
(2a)" and HOE-642 (2b),” are known to be typical Na/H ex-
change inhibitors (Chart 1), but there may still be some limi-
tation for wide clinical application, because of their low
water-solubility. Thus, we have started a new research project
to discover more potent and highly water-soluble inhibitors.
We have already reported the structural requirements for po-
tent Na/H exchange inhibitors using the quantitative struc-
ture—activity relationship (QSAR) analysis of EIPA (1) and
its derivatives.®” Namely, the structural requirements neces-
sary for potent activity were as follows: 1) bicyclic aroyl-
guanidines inhibited the Na/H exchanger, 2) the activity was
proportionally related to the hydrophobicity of the bicyclic
ring structure, and 3) a substituent having an appropriate
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length at the 5-position of 2-naphthoylguanidine enhanced
the activity. In the series of study on Na/H exchange in-
hibitor design, we discovered N-(3-0x0-3,4-dihydro-2H-
benzo[ 1,4]oxazine-7-carbonyl)guanidine (3a) as a lead com-
pound for potent and highly water-soluble inhibitors.” In this
studies, we designed some compounds having moderate hy-
drophobicity (clogP®), around 1.5—2, based on an optimum
value necessary for good bioavailability.” The QSAR analy-
sis of 3 indicated that the lengths of the 2- and 4-substituents
were parabolically related to the inhibitory activity, indepen-
dently (Chart 2). The 2-ethyl-4-ethyl (or isopropyl) deriva-
tives 3b or 3¢ (clogP=1.33 or 1.65) were biologically potent
in in vitro study and highly water-soluble from a physico-
chemical view point.

Recently, we found that N-(2H-benzo[1,4]oxazine-6-car-
bonyl)guanidines 4 also had potent Na/H exchange in-
hibitory activity.'” The SAR of the 4-substituent of com-
pounds 4 was similar to that of compounds 3, although the
relative positions of the guanidinocarbonyl group essential
for potent activity were different from each other (Chart 2).
With regard to the 2-substituent of compounds 3 and 4, the
SARs seemed to be somewhat different. Shorter and/or
smaller substituents were tolerated, while longer and/or
larger substituents reduced the activity. The most potent
compound among 4 was the 2,2-dimethyl-4-isopropy! deriva-
tive 4b (clogP=1.65). The methanesulfonate salt of 4b (KB-
R9032) showed high water-solubility and good bioavailabil-
ity, so it was under further investigation as a promising Na/H
exchange inhibitor candidate.

In addition, the QSAR analysis of 4 predicted that the iso-
propyl group of 4b was significant for enhancement of the
biological potency. However, it was not actually indicated
that the 2,2-dimethyl moiety contributed to the increase of
the activity in an in vitro assay, although this hydrophobic
moiety would be important for adjustment of the clogP value
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Chart 3. Synthesis of N-(2H-Benzo[1,4]thiazine-6-carbonyl)guanidines 5

to the optimum range necessary for good bioavailability
(around 1.5—2). As described before, hydrophobic fused-
rings would be favorable for potent activity.®’ These results
prompted us to design a more hydrophobic bicyclic ring by
removal of the dimethyl moiety of 4b. Consequently, we have
designed N-(3-oxo0-3,4-dihydro-2H-benzo[1,4]thiazine-6-car-

RPN
N
o N” “NH,
R? H
R ) MeSOzH

5

bonyl)guanidines Sa as the new lead compound, with a clogP
value appropriate for optimized compounds. The benzoth-
iazine derivative Sa was expected to be more potent than the
benzoxazine derivative 4a, because the clogP value of 5a
(0.20) was higher than that of 4a (—0.36).®

In this paper, we describe the synthesis and SAR study of
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Table 1. Physical Properties of N-(2H-Benzo[1,4]thiazine-6-carbonyl)guanidines 5
R3 O NH
o—j:N]i\;')kNJLNH2
R2 H
Al S MeSOgH
Analysis
Yield mp (°C) Calcd (Found)
1 2 3
No. R R R (%) (Recryst. solvent) Formula
C H N
5a H H H 5 263—264 C,oH oN;0,S - CH,SO,H 38.14 4.07 16.18
(MeOH-H,0) (38.14 423 16.28)
5h H H Me 13 231—233 C,H,N,0,S - CH,SO,H 39.99 447 15.50
(MeOH-H,0) (39.93 457 15.59)
5¢ H H Et 7 232234 C,H,N,0,S - CH,SO,H 41.70 4385 14.96
(MeOH-H,0) (41.68 4.88 15.09)
5d H H iso-Pr 36 188—190 C,,H,(N,0,S CH,SO,H 4329 5.19 14.42
(EtOH) (43.07 5.28 14.36)
Se H H Pr 44 228—230 C;H,N,0,S CH,SO,H 43.29 5.19 14.42
(EtOH) (43.16 521 14.38)
sf H H Butyl 41 193—195 C,H,(N,0,8 - CH,SO,H 44.76 5.51 13.92
(EtOH) (44.67 5.48 13.90)
5g H H Pentyl 39 239—240 C,sHyN,0,S - CH,SO,H 46.14 5.81 13.45
(EtOH) (46.02 5.85 13.51)
Sh H Me Et 28 169—171 C,;H,(N,0,S" CH,SO,H 4329 5.19 14.42
(EtOH) (43.28 5.19 14.45)
5i H Me iso-Pr 35 183—185 C,,H,:N,0,S CH,SO,H 44.76 5.51 13.92
(EtOH) (44.68 5.48 13.93)
Table 2. Physical Properties of Methyl 2H-Benzo[ 1,4]thiazine-6-carboxylates 10
R® 0
N
Ox :[::r)koa
RP—
RS
Analysis
Yield mp (°C) Calcd (Found)
1 2 3
No. R R R (%) (Recryst. solvent) Formula
C H N
10a H H Me 63 110—112 C,H;NO,S 57.35 521 5.57
(IPE) (57.35 5.20 5.64)
10b H H Et 65 56—57 C,,H,;NO,S 58.85 5.70 5.28
(Hexane) (58.80 5.60 5.25)
10c H H iso-Pr 50 oil C,,H,,NO,S 60.19 6.13 5.01
(60.17 6.24 5.04)
10d H H Pr 37 0il C,,H;;NO,;8 60.19 6.13 5.01
(60.58 6.37 4.84)
10e H H Butyl 62 oil C,;H,oNO,S 61.41 6.53 477
(61.45 6.65 4.64)
10f H H Pentyl 44 oil C,H,,NO,S 62.52 6.89 456
(62.75 7.08 4.44)
10g H Me Et 79 oil C,.H,NO,S 60.19 6.13 5.01
(60.45 6.26 4.95)
10h H Me iso-Pr 83 oil C,H,,NO,S 61.41 6.53 477
(61.36 6.61 4.50)

Na/H exchange inhibitory activity of N-(3-oxo-3,4-dihydro-
2H-benzo[1,4]thiazine-6-carbonyl)guanidines 5 in order to
find potent Na/H exchange inhibitors.

Chemistry N-(2H-Benzo[1,4]thiazine-6-carbonyl)guani-
dines § listed in Table 1 were synthesized by the route shown
in Chart 3. 4-Chrolo-3-nitrobenzoic acid (6) was allowed to
react with ethyl mercaptoacetate or ethyl 2-mercaptopropi-
onate to obtain 4-ethoxycarbonylmethyl (or 4-[(1-ethoxycar-
bony)ethyl])sulfanyl-3-nitrobenzoic acids 7, which were con-

verted to esters 8 by reflux with concentrated sulfuric acid in
ethanol (EtOH). Compounds 8 were hydrogenated with pal-
ladium—charcoal (Pd—C), and the hydrogenated intermediates
spontaneously cyclized to give ethyl 3-oxo-3,4-dihydro-2H-
benzo[1,4]thiazine-6-carboxylates 9, which were alkylated to
give N-alkyl derivatives 10. N-(2H-Benzo[,4]thiazine-6-car-
bonyl)guanidines 5 were prepared from 9 or 10 by reflux
with an excess amount of guanidine in dimethyl sulfoxide
(DMSO) for several hours. The physical data for 5 and 10 are
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Table 3. 'H-NMR Spectral Data for N-(2H-Benzo[1,4]thiazine-6-carbonyl)guanidines 5

No. Spectral data (DMSO-d;) &

5a 2.40 (3H, s), 3.57 (2H, s), 7.52—7.60 (3H, m), 8.35 (4H, br), 10.77 (1H, br), 11.20 (1H, br)

5b 2.43 (3H, s), 3.43 (3H, 5), 3.61 (2H, 5), 7.60—7.71 (3H, m), 8.43 (4H, br), 11.35 (1H, br)

5 1.18 (3H, 1, J=7Hz), 2.42 (3H, 5), 3.58 (2H, 5), 4.06 (2H, q, J=7 Hz), 7.59—7.68 (2H, m), 7.73 (1H, d, J=1Hz), 8.43 (411, br), 11.35 (1H, br)

5d 1.51 (6H, d, J=7Hz), 2.45 (3H, 5), 3.4 (2H, ), 4.58—4.64 (1H, m), 7.64—7.76 (31, m), 8.42 (4H, br), 11.37 (1H, br)

Se 0.85 (3H, t, J=7Hz), 1.52—1.64 (2H, m), 2.39 (3H, s), 3.61 (2H, s), 4.03 (2H, q, J=7Hz), 7.61 (1H, dd, /=8, 2 Hz), 7.70 (1H, d, /=8 Hz),
7.73 (1H, d, J=2 Hz), 8.40 (4H, br), 11.31 (1H, br)

sf 0.88 (3H, t, J=7Hz), 1.20—1.35 (2H, m), 1.46-—1.58 (2H, m), 2.40 (3H, s), 3.61 (2H, 5), 4.06 (2H, q, J=7 Hz), 7.62 (1H, dd, J=8, | Hz),
7.70 (1H, d, J=8 Hz), 7.75 (1H, d, J=1Hz), 8.42 (4H, br), 11.33 (1H, br)

5g 0.84 (3H, t, J=7Hz), 1.12—1.33 (4H, m), 1.46—1.60 (2H, m), 2.41 (3H, s), 3.61 (2H, s), 4.05 2H, q, /=7 Hz), 7.62 (1H, d, /=8 Hz), 7.70
(11, d, J=8 Hz), 7.75 (1H, s, 8.42 (4H, br), 11.34 (1H, br)

5h 1.18 3H, t,J=7Hz), 1.34 (3H, d, J=7Hz), 2.41 (3H, s), 3.78 (1H, q, /=7 Hz), 4.07 (2H, q, /=7 Hz), 7.63 (1H, dd, J=8, 1 Hz), 7.69 (1H, d,
J=8Hz), 7.74 (1H, d, J=1Hz), 8.44 (4H, br), 11.38 (1H, br)

5i 1.29(3H, d, /=7Hz), 1.45 (3H, d, /=7Hz), 1.46 (3H, d, J=7Hz), 2.42 (3H, ), 3.57 (1H, q, J=7 Hz), 4.53—4.69 (1H, m), 7.59—7.67 (2H,
m), 7.75 (1H, s), 8.43 (4H, br), 11.38 (1H, br)

Table 4. 'H-NMR Spectral Data for Methyl 2H-Benzo[1,4]thiazine-6-carboxylates 10

No. Spectral data (CDCL,) &

10a (DMSO-d;) 1.40 (3H, t, J=7Hz), 3.43 (2H, s), 3.49 (3H, s), 4.39 (2H, q, J=7Hz), 7.41 (1H, d, /=8 Hz), 7.69 (1H, dd, /=8, 2 Hz), 7.75 (1H,
d,J=2Hz)

10b (DMSO-dg) 1.30 (3H, t, J=7 Hz), 1.40 (3H, t, /=7 Hz), 3.40 (2H, s), 4.10 (2H, q, J=7Hz), 4.39 (2H, q, J=7Hz), 7.41 (1H, d, J=8 Hz), 7.67
(1H, dd, /=8, 2 Hz), 7.81 (1H, d, /=2 Hz)

10¢ 1.39 (3H, t, J/=7Hz), 1.53 (6H, d, J=7Hz), 3.31 (2H, s), 4.42 (2H, q, J=7 Hz), 4.63—4.74 (1H, m), 7.43 (1H, d, /=8 Hz), 7.67 (1H, dd, J=
8, 1 Hz), 7.89 (1H, d, /=1 Hz)

10d 0.94 (3H, t, /=7Hz), 1.42 (3H, t, /=7 Hz), 1.60—1.79 (2H, m), 3.41 (2H, s), 4.04 (2H, t, J=7 Hz), 4.39 (2H, q, /=7 Hz), 7.42 (1H, d, J=8
Hz), 7.68 (1H, dd, /=8, 1 Hz), 7.80 (1H, d, /=1 Hz)

10e 095 (3H, t,J=7Hz), 1.36—1.42 (2H, m), 1.40 (3H, t, J=7 Hz), 1.60—1.64 (2H, m), 3.40 (2H, 5), 4.05 (2H, t, J=7 Hz), 4.39 (2H, q, J=7
Hz), 7.42 (1H, d, J=8 Hz), 7.68 (1H, dd, J=8, 1 Hz), 7.81 (1H, d, J=1 Hz)

10f 0.88 (3H, t, J=7Hz), 1.31—1.38 (4H, m), 1.41 (3H, t, J=7 Hz), 1.60—1.67 (2H, m), 3.40 (2H, s), 4.04 (2H, t, /=7 Hz), 4.38 (2H, q, J=7
Hz), 7.42 (1H, d, J=8 Hz), 7.68 (1H, dd, /=8, 2 Hz), 7.80 (1H, d, /=2 Hz)

10g 129 (3H,t,J=7Hz), 1.41 3H, t, J=7Hz), 1.45 (3H, d, J=7 Hz), 3.49 (1H, q, J=7 Hz), 4.09 (2H, q, J=7 Hz), 4.40 (21, q, J=7 Hz), 7.41
(1H, d, /=8 Hz), 7.68 (1H, dd, J=8, 2 Hz), 7.80 (1H, d, /=2 Hz)

10h 1.41 3H, t,J=7Hz), 1.43 (3H, d, J=7Hz), 1.51 (3H, d, /=7 Hz), 1.54 (3H, d, /=7 Hz), 3.36 (1H, q, J=7Hz), 4.39 (2H, q, /=7 Hz), 4.62—

478 (1H, m), 7.43 (1H, d, J=8 Hz), 7.68 (1H, dd, J=8, 2 Hz), 7.88 (1H, d, J=8 Hz)

listed in Tables 1—4.

Biological Results and Discussion

The Na/H exchange inhibitory activities of N-(3-0x0-3,4-
dihydro-2H-benzo[ 1,4]thiazine-6-carbonyl)guanidines 5 were
tested by their ability to inhibit platelet swelling induced by
sodium propionate, in accordance with the method of
Rosskopf et al.'” The results are given in Table 5.

As expected from the clogP values, 5a was actually about
five-fold more potent than 4a in in vitro assay. Prompted by
this result, we optimized the lead compound Sa. Several sub-
stituents were introduced to the 2- and/or 4-positions of the
benzothiazine ring. All the 4-substituted compounds 35
showed more potent activity than the corresponding 4-substi-
tuted benzoxazine derivatives 4, and their activities were con-
sidered to be parabolically related to the length of the 4-sub-
stituent. On the other hand, the 2-substituent did not much
affect the activity. In order to confirm the SAR in greater de-
tail, compounds 5§ were subjected to QSAR analysis. Eq. 1
was obtained as the best equation.

pIC,,=2.10(= 1.25)L(R%)—0.21(=0.13)L (R*)*—3.63(+2.78) (1

n=9, r=0.861, s=0.396, F=8.61, L(R®), , =4.91

opt.

In Eq. 1, L is Verloop’s STERIMOL parameter'? and is as-

sumed to be in an extended conformation. The number in
parentheses is the 95% confidence interval, n is the number
of data points used in deriving the equation, r is the correla-
tion coefficient, s is the standard deviation, and F is the F-
ratio between the variances of calculated and observed activi-
ties. L(R3)0p[_ is the calculated optimum values of L(R?).

Equation 1 suggested a parabolic relation between activity
and the length L(R®) of the 4-substituent. This QSAR result
was identical to the SAR (Eq. 2) of the benzoxazine derivas-
tives 4.7

pICs,=1.42(£0.57)L (R} ~0.15(+0.06)L (R*?—2.87(*1.36) (2)

n=20, r=0.806, s=0.361, F=15.72, L(R"), =4.81

opt.

The optimum L(R?)s are almost equal in these two equations.
This result was reasonable, because compounds 5 and 4
would interact with the same region of the Na/H exchanger
protein. However, the constants are different in spite of simi-
lar optimum L(R®)s. Therefore, we supposed that the con-
stants depended differences in the hydrophobicity between
the ring structure of 5 and 4. In order to confirm this hypoth-
esis, compounds 5 and 4 were subjected to QSAR analysis
using the indicator variable D, which takes one for com-
pounds 5 and takes zero for 4. And as a result, Eq. 3 was ob-
tained.
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Table 5. Na/H Exchange Inhibitory Activity of N-(2H-Benzo[1,4}thiazine-6-carbonyl)guanidines 5 and N-(2H-Benzo[1,4]oxazine-6-carbonyl)guanidines

4

N
o N” “NH,
R2 H
Al S MeSO3H
5

SRy
N
o N” “NH,
A2 H
R © X
4

Na/H exchange inhibitory activity

No. R! R? R X LR} pICy,

| (O

() Obsd. Eq. 1 Eq. 2" Eq.3
Sa H H H — 2.06 2.1 —0.32 -0.20 — 0.10
Sb H H Me — 3.00 0.19 0.72 0.75 — 0.83
Sc H H Et — 4.11 0.051 1.29 1.40 — 1.32
5d H H iso-Pr — 4.11 0.0091 2.04 1.40 — 1.32
Se H H Pr —_ 5.05 0.086 1.07 1.53 — 1.41
5f H H Butyl — 6.17 0.11 0.96 1.20 — 1.15
5S¢ H H Pentyl — 8.22 0.19 0.72 0.50 — 0.61
Sh H Me Et — 4.11 0.070 1.15 1.40 — 1.32
5i H Me iso-Pr — 4.11 0.018 1.74 1.40 — 1.32
4a H H H H 2.06 10 —1.00 — -0.57 —0.71
4b H H Et H 4.11 0.33 0.48 — 0.48 0.51
4c H H iso-Pr H 4.11 0.25 0.60 — 0.48 0.51
4d H Me Et H 4.11 0.29 0.54 — 0.48 0.51
4e H Et iso-Pr H 4.11 0.17 0.76 — 0.48 0.51
4f H Ph iso-Pr H 4.11 1.0 0.00 — 0.48 0.51
4g Me Me iso-Pr H 4,11 0.12 0.92 — 0.48 0.51
4h° Me Me H H 2.06 7.4 —-0.87 — -0.57 -0.71
4i Me Me Me H 3.00 0.81 0.09 — 0.06 0.02
4j Me Me Et H 4.11 0.38 042 — 0.48 0.51
4k Me Me Pr H 5.05 0.74 0.13 — 0.55 0.61
4 Me Me Butyl H 6.17 1.3 —0.11 — 0.29 0.34
4m° Me Me (CH,),0Et H 6,99 5.6 —0.75 — -0.13 -0.11
4n? Me Me Hexyl H 8,22 3.7 ~0.57 — —-1.13 —1.20
40 H H Me Cl 3,00 0.33 0.48 — 0.06 0.02
4p H H Et Cl 4,11 0.22 0.66 — 0.48 0.51
4q° H H iso-Pr Cl 4.11 0.16 0.80 — 0.48 0.51
4r H H Me OMe 3.00 0.50 0.30 — 0.06 0.02
4s H H Et OMe 4,11 0.27 0.57 — 0.48 0.51
4t Me Me iso-Pr OMe 4,11 0.37 0.43 — 0.48 0.51

a) Seereference 12. b) See reference 10. ¢} Hydrochloride.
pICs,=1.60(+0.48)L (R*)—0.16(+0.05)L (R*)* Table 6, Na/H Exchange Inhibitory Activity and Duration of Ventricular
+0.81(=030)D—3.31(+1.13) 3) Fibrillation of Compound 5d

n=29, r=0.875, s=0.367, F=27.26, L(R%),, =4.89

opt.

In Eq. 3, the indicator variable D is significant. The coeffi-
cient 0.81(%+0.30) of D is statistically equal to the calculated
factor (0.58) based on the difference of clogPs between Sa
(0.20) and 4a (—0.36).'"Y Thus, our hypothesis was con-
firmed and it was clarified that the benzothiazine derivatives
5 were about five-fold more potent than the benzoxazine de-
rivatives 4. In addition, the proportional relationship between
the activity and the hydrophobicity of the ring structure was
re-confirmed.

The most potent derivative was the methanesulfonate salt
of the 4-isopropyl derivative 5d, with an IC,, value of
0.0091 um. The clogP (1.15) of the free base of 5d was
around the optimum value (around 1.5—2) for good
bioavailability. Compound 5d also showed good water-solu-
bility. Therefore, 5d was subjected to in vivo investigation.
Anti-arrhythmia activity of 5d was tested in terms of the du-
ration of ventricular fibrillation (VF) using a rat acute myo-
cardial infarction model, in accordance with the method of

Na/H exchange Duration(s) of
No. Structure inhibitory activity ventricular fibrillation®
1Cs, (um) (Mean=S.E.)
Control — — 171.0£5.8
POU S
o
5d T“D)Lu NHz 00091 5.1+5.19
S MeSOgH

a) i.v. administration of compound 0.3 mg/kg, reperfusion induced arrhythmia in
anesthetized rats (n=5—7). Significantly different from the control group. ) p<<0.01
(Mann—Whitney U-test).

Tagliavini et al.'¥ The duration of VF time for the control
group was 171£5.8s (mean=*standard error). The adminis-
tration of 5d (0.3 mg/kg, i.v.) before occlusion significantly
reduced the duration of VF (5.1£5.15).

Conclusion
In order to find potent Na/H exchange inhibitors, we
designed and synthesized N-(3-oxo-3,4-dihydro-2H-benzo-
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[1,4]thiazine-6-carbonyl)guanidines 5 and evaluated their in-
hibitory activities. The result of QSAR analysis indicated
that the activity was parabolically related to the length of the
4-substituent. As expected from our previous SAR study,
compounds 5 were about five-fold more potent than the ben-
zoxazine derivatives 4. The most potent derivative was the
methanesulfonate salt of the 4-isopropyl derivative 5d
(IC4,=0.0091 um). The hydrophobicity (clogP=1.15) of the
free base of 5d was at the optimum value (around 1.5—2) for
good bioavailability. Compound 5d also showed significant
protective activity against a rat acute myocardial infarction
model. This SAR-based methodology of drug design would
be useful for the rapid optimization of lead candidates.

Experimental

Melting points were measured with a capillary melting point apparatus
(Yamato MP-21) and are uncorrected. 'H-NMR spectra were taken on a
Bruker DPX-250 NMR (250MHz) spectrometer with tetramethylsilane
(TMS) as an internal standard. Chemical shifts are given as § values (ppm).
Elemental analysis was performed with a Yanagimoto CHN-CORDER MT-
5.

4-Ethoxycarbonylmethylsulfanyl-3-nitrobenzoic Acid (7a) A mixture
of 4-chloro-3-nitrobenzoic acid (6, 100 g, 496 mmol), ethyl mercaptoacetate
(72 g) and pyridine (250 ml) was refluxed for 8 h. After cooling, the reaction
mixture was acidified with diluted hydrochloric acid. The precipitates were
collected by filtration and washed with water to give 7a (121 g, 424 mmol,
yield 85%). The analytical sample was obtained by recrystallization from
EtOH, mp 159—161°C. '"H-NMR (DMSO-d,) &: 1.18 (3H, t, J=7 Hz), 4.12
(2H, q, J=7Hz), 4.17 (2H, s), 7.70 (1H, d, J=9Hz), 8.15 (1H, dd, J=9,
2Hz), 8.63 (1H, d, J=2Hz), 13.46 (1H, br). Anal. Calcd for C, H,,\NOS: C,
46.31; H, 3.89; N, 4.91. Found: C, 46.37; H, 3.95; N, 4.51.

4-(1-Ethoxycarbonylethylsulfanyl)-3-nitrobenzoic Acid (7b) A mix-
ture of 4-chloro-3-nitrobenzoic acid (6, 62.6g, 311 mmol), ethyl 2-
methylmercaptoacetate (50g) and pyridine (150 ml) was refluxed for 20 h.
After cooling, the reaction mixture was acidified with diluted hydrochloric
acid. The precipitates were collected by filtration and washed with water and
diisopropyl ether (IPE) to give 7b (78 g, 261 mmol, yield 84%). The analyti-
cal sample was obtained by recrystallization from IPE, mp 89—91 °C. 'H-
NMR (CDCl;) &: 1.25 (3H, t, J=7Hz), 1.67 (3H, t, J=7Hz), 4.07—4.28
(3H, m), 7.73 (14, d, J=9Hz), 8.24 (1H, dd, /=9, 2Hz), 8.88 (IH, d,
J=2Hz). Anal. Calcd for C,H;;NO,S: C, 48.16; H, 4.38; N, 4.68. Found: C,
48.22; H, 4.40; N, 4.60.

Ethyl 4-Ethoxycarbonylmethylsulfanyl-3-nitrobenzoate (8a) A mix-
ture of 7a (30.0 g, 105 mmol), sulfuric acid (5 ml) and EtOH (300 ml) was
refluxed for 5h and concentrated in vacuo. Water was added to the residue.
The precipitates were collected by filtration and washed with water to give
8a (33.0g, 105 mmol, yield 100%). The analytical sample was obtained by
recrystallization from IPE, mp 66—67 °C. 'H-NMR (CDClLy) 6: 1.27 (3H, t,
J=7Hz), 1.42 (3H, t, J=7Hz), 3.78 (2H, s), 423 (2H, q, J=7Hz), 4.42
(2H, q, J=7Hz), 7.58 (1H, d, /=9 Hz), 8.18 (1H, dd, /=9, 2 Hz), 8.85 (1H,
d, J=2Hz). Anal. Caled for C;;H NOS: C, 49.83; H, 4.83; N, 4.47. Found:
C,49.81; H, 4.83; N, 4.22.

Ethyl 4-(1-Ethoxycarbonylethylsulfanyl)-3-nitrobenzoate (8b) A
mixture of 7b (73.0 g, 244 mmol), sulfuric acid (7.3 ml) and EtOH (730 ml)
was refluxed for 22 h and concentrated in vacuo. Aqueous sodium carbonate
was added to the residue. The mixture was extracted with ethyl acetate
(AcOEt). The extract was concentrated in vacuo to give 8b (74.0g, 226
mmol, yield 93%) as an oil. The analytical sample was obtained by column
chromatography on silica gel with chloroform-MeOH (10 1, v/v). 'H-NMR
(CDCL,) &: 1.23 (3H, t, J=7Hz), 1.41 (3H, t, J=THz), 1.66 (3H, d, J=7
Hz), 4.09 (1H, q, /=7 Hz), 4.12—4.26 (2H, m), 4.42 (2H, q, /=7 Hz), 7.68
(1H, d, J=9Hz), 8.16 (1H, dd, J=9, 2Hz), 8.79 (1H, d, J=2Hz). Anal.
Calcd for C,H;;NO,S: C, 51.37; H, 5.23; N, 4.28. Found: C, 51.16; H, 5.17;
N, 4.31. ‘

Ethyl 3-Oxo-3,4-dihydro-2H-benzo[1,4]thiazine-6-carboxylate (9a)
A mixture of 8a (31.0g, 98.9 mmol), 10% Pd-C (3.1 g) and EtOH (300 ml)
was stirred at 50°C under a hydrogen atmosphere (4 kg/cm?) for 2h. The
mixture was filtered. The filtrate was evaporated in vacuo. The residue was
column chromatographed on silica gel with chloroform and triturated with
hexane—AcOEt to give 9a (7.80g, 32.9 mmol, yield 33%). The analytical
sample was obtained by recrystallization from hexane—AcOEt, mp 159—
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160°C. 'H-NMR (CDCL,) &: 1.39 (3H, t, /=7 Hz), 3.46 (2H, 5), 4.37 (2H, g,
J=T7Hz), 7.37 (1H, d, J=8Hz), 7.50 (1H, d, J=2Hz), 7.69 (1H, dd, J=8,
2Hz), 7.92 (1H, br). Anal. Caled for C, H,\NO,S: C, 55.68; H, 4.67; N,
5.90. Found: C, 55.76; H, 4.71; N, 5.75.

Ethyl 2-Methyl-3-oxo-3,4-dihydro-2H-benzo[1,4]thiazine-6-carboxy-
late (9b) A mixture of 8b (40.0 g, 122 mmol), 10% Pd-C (4.0 g) and EtOH
(400 ml) was stirred at 40 °C under a hydrogen atmosphere (4 kg/cm?) for
16 h. The mixture was filtered. The filtrate was evaporated in vacuo. The
residue was washed with IPE and recrystallized from AcOEtIPE to give 9b
(18.85¢g, 75.0mmol, yield 61%), mp 155--157°C. 'H-NMR (CDCl,) &:
1.39 (3H, t, J/=7Hz), 1.51 (3H, d, J=7Hz), 3.59 (1H, q, J=7 Hz), 4.39 (2H,
q, J/=7Hz), 7.37 (1H, d, J=8 Hz), 7.56 (1H, d, J=2 Hz), 7.68 (1H, dd, J=8,
2Hz), 8.38 (1H, br). Anal. Caled for C,H;NO;S: C, 57.35; H, 5.21; N,
5.57. Found: C, 57.46; H, 5.23; N, 5.38.

General Procedure for the Preparation of Methyl 3-Oxo-4-substi-
tuted-3,4-dihydro-2H-benzo[1,4|thiazine-6-carboxylates 10 An alkyl
iodide (20 mmol) was added to a mixture of 9 (10 mmol), potassium tert-bu-
toxide (15 mmol) and tetrahydrofuran (24 ml) at room temperature. The mix-
ture was stirred at 60 °C for several hours. Water was added to the mixture
and the whole was extracted with AcOEt. The extract was washed with
water and dried over anhydrous magnesium sulfate. The solvent was re-
moved in vacuo. The residue was chromatographed on silica gel with
hexane-AcOEt or recrystallized to give 7. Physical data are listed in Tables
2 and 4.

General Procedure for the Preparation of N-(3-Oxo-(4-substituted-)
3,4-dihydro-2H-benzo[1,4]thiazine-6-carbonyl)guanidine Methanesul-
fonates 5 A mixture of 9 or 10 (5 mmol), guanidine hydrochloride (55
mmol), sodium methoxide (50 mmol), and DMSO (25ml) was stirred at
120°C for several hours, then diluted with water. The precipitates were col-
lected by filtration, washed with water and dissolved in MeOH. Methanesul-
fonic acid was added to the solution. After concentration in vacuo, the
residue was recrystallized to give 5. Physical data are listed in Tables | and
3.

Na/H Exchange Inhibitory Activity Na/H exchange inhibitory activity
was determined based on the ability to inhibit sodium propionate-induced
swelling of platelets in accordance with the method of Rosskopf et al.'”
Platelet-rich plasma was prepared as described by Mammen and co-
workers.'® Male Wistar rats (230—300 g) were anesthetized with ether, and
blood was taken from the abdominal aorta. To inhibit blood coagulation,
acid citrate dextrose (ACD) solution (a mixture of 65 mm citric acid, 85 mm
sodium citrate, and 11 mm dextrose) was added to the blood, and this treated
blood was centrifuged at 90X g for 10 min. The supernatant was separated to
prepare platelet-rich plasma. A solution of the test compound in DMSO was
then added to 140 mm sodium propionate buffer solution. To this mixture
was added the platelet-rich plasma prepared above, and the decrease in opti-
cal density was recorded at 37 °C using a platelet aggregometer (turbidime-
ter) and an X—Y recorder [decrease rate in optical density in the presence of
the test compound (D)]. As a control, the solvent DMSO alone was used in-
stead of a solution of test compound, and the decrease in optical density was
recorded in a similar manner [control (C)]. The swelling inhibitory rate
(Na/H exchange inhibitory rate, %) was calculated using Eq. 4.

Swelling inhibitory rate (Na/H exchange inhibitory rate, %)
=(1-DIC)X 100 @)

The concentration of the test compound which causes 50% inhibition (ICs)
was calculated by the least-squares method.

Inhibitory Activity against Reperfusion-Induced Arrhythmia Using
a rat acute myocardial infarction model, compound 5d was tested for in-
hibitory activity against reperfusion arrhythmia in accordance with the
method of Tagliavini et al.'¥ Male Sprague-Dawley rats (310-—510 g) were
anesthetized by intraperitoneal administration of sodium pentobarbital (50
mg/kg). The rats were cannulated via the trachea and the cannula was linked
to a respirator. An electrocardiogram (lead II) was obtained from electrodes
attached to limbs using a bioelectric amplifier, while body temperature was
maintained at 37 °C. The chests of the rats were opened at the fifth inter-
costal space, and the pericardium was cut open to reveal the heart. A solu-
tion of the test compound in a mixed solvent of polyethylene glycol 400,
ethanol and physiological saline [3:3: 14 (v/v)] was then administered into
the femoral vein. Ten minutes after administration of the compound, the ori-
gin of the left coronary was occluded. After occlusion for 5 min, reperfusion
was carried out for 10 min and the duration (seconds) of ventricular fibrilla-
tion was assessed in accordance with the guidelines of the Lambeth Conven-
tion.'® The mixed solvent of polyethylene glycol 400, ethanol and physio-
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logical saline [3:3:14 (v/v)] was used as a control, and the duration (sec-
onds) of ventricular fibrillation was measured in a similar manner.
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