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Abstract-Nuclear magnetic resonance (NMR) studies were carried out for the title compound ((f)-3,4-dihydro-2-[5-methoxy-2- 
[3-[N-methyl-N-[2-(3,4-methylenedioxy)phenoxy]ethyl]amino]propoxy]phenyl]-4-methyl-3-oxo-2H-l,4-benzothiazine) (la; R 
= H) and its 2-substituted analogs (lb; R = OCH3, lc; R = SCH3, Id; R = CH3, le; R = iC3H7) which had Ca2+ antagonistic 
activities. Conformational analysis using the model compounds of the 2-phenylbenzothiaxine (ZPBT) part of 1 by semiempirical 
molecular orbital method agreed with the NMR behavior. Two local minimum conformations, having different rotational angles 
(01) of the 2-phenyl ring, were suggested for biologically active la-ld. The molar fractional ratios, including the conformations 

within a particular 81 range that contained each global miniium conformation, were found to correlate well with the activities. In 

the same 81 range, any stable conformation was not indicated for non-active compound le. From these results, the active 
conformation for the 2-PBT part of 1 was suggested to be similar to the global minimum conformation indicated for the most 
ootent la. 

Introduction 

Calcium antagonists affect Ca2+ channels of several tissues 
such as vascular smooth muscle, cardiac muscle and the 
conducting system of the heart, in different potency. The 
difference in potency of the antagonists for the tissues, 
caused by various structural features, could result in tissue 
selectivity of those antagonists, and define their usefulness 
in clinical applications. 

SA2995 ((*)-3,4-dihydro-2-[5-methoxy-2-[3-[N-methyl-N- 
[2-( 3,4-meth y lenediox y) phenox y] ethyl] amino] ~ropox y I - 
phenyl]-4-methyl-3-oxo-W-1,4-benzothiazine)1~ (la) has 
a novel benzothiazine skeleton and has been shown to have 
potent Ca2+ antagonistic activity. The fumarate (semotiadil 
fumarate; SD-3211)3>4 of (R)-(+)-isomer (2a) of la was 
found to be a vasoselective Ca2+ antagonist and to have as 
potent and long-lasting effects anti-hypertensive and anti- 
angina pectoris, as well as less unfavorable effects such as 
bradycardia, atrioventricular block and reflex tachycardia. 
On the other hand, the (S)-(-)-optical antipode1+2 of 2a 
showed only one-tenth to one-seventh Ca2+ antagonistic 
activity of 2a. 

We have been studying the stereochemistry of 2a in order 
to elucidate the structure-activity relationships based on 
the widely accepted idea that a certain conformation of a 
drug plays a decisive role in bringing about a particular 
biological in vivo or in vitro response. Spectrometric and 
theoretical studies suggested an equatorial 2-phenyl 
orientation for the 1,4benzothiazine ring5 and close 
proximity between the 2-phenylbenzothiazine (ZPBT) part 
and the distal methylenedioxyphenyl(MDP) grot~p.~*~ 

In this study, we will represent the analysis of la-le in 
dimethylsulfoxide-& (DMSO-de) by nuclear magnetic 

resonance (NMR) spectrometry and the conformational 
analysis by the molecular orbital (MO) method to find the 
structure-activity relationships between the conformations 
and their potencies. 

Results and Discussion 

NMR spectrometry of la-le 

All the protons of la-le were assigned by the lH-‘H 
COSY technique at 25 “C and are shown in Table 1. The 
most remarkable difference of chemical shifts in H-19s and 
moderate differences in H-8s H-9s and H-lOs, were found 
among the compounds but other chemical shifts (except for 
H-13s) were quite similar. 

For 2a, NOE was found between H-13 and H-36, and/or H- 
13 and H-32 in aqueous solution,7 however in DMSO-de, 
similar NOE was not observed between any proton of the 
2-PBT part or the MDP group of la-le in a NOESY 
measurement (mixing time; 0.8 s) that showed H-l3-..H- 
21 NOE. This suggests that chemical shifts divergence of 
H-19s would be attributable to the 2-PBT part of these 
compounds. 

The effects of the 2-substituents of la-le through bonds 
would be inappropriate to explain those chemical shift 
differences. This is because the differences among H-19 
(la) (6.32 ppm), H-19 (lc) (7.33 ppm) and H-19 (Id) 
(6.93 ppm) were not the ones expected from those of the 
ortho protons in toluene (7.15 ppm), benzylmethylsulfide 
(7.2-7.29 ppm) and ethylbenzene (7.2 ppm). Additionally, 
similar chemical shifts of the ortho protons in 
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Figure 1. Structural formulae of 1,2 (R-configuration) and 3 showing atomic numbering. 01; C(15)-C(14)-C(2)-C(3), 02; R(13)-C(2)-C(3) (see Ref. 
S), a; R = H, b; R = OCH,, c; R = SCH,, d; R = CH,, e; R = CC3H,. 

Table 1. ‘NMR Chemical shifts (6 from TMS) of l&lea 

Chemical Shift(ppm) 

position la lb lc Id le 

7 7.25 7.34 7.27 7.31 7.36 

a 7.33 7.06 7.00 7.13 6.87 

9 7.02 7.28 7.23 6.91 7.06 

10 7.35 7.27 7.15 7.05 6.92 

11 3.48 3.45 3.42 3.39 3.35 

13 4.97 3.10 1.90 1.68 0.84,1.08,2.75 

16 6.92 6.98 6.93 6.78 6.73 

17 6.78 6.92 6.85 6.64 6.59 

19 6.32 6.94 7.33 6.93 7.03 

21 4.00 3.92 3.91 3.88 3.83 

22 1.92 1.81 1.84 1.93 1.94 

23 2.73 2.64 2.69 2.82 2.84 

25 2.86 2.75 2.75 2.93 2.99 

26 4.01 3.93 3.94 4.07 4.12 

28 2.38 2.28 2.29 2.44 2.49 

30 3.53 3.72 3.69 3.57 3.54 

32 6.59 6.56 6.57 6.61 6.64 

35 6.75 6.76 6.77 6.76 6.79 

36 6.32 6.29 6.30 6.35 6.39 

38 5.93 

a; All compounds were measured as fumarate salts. 

5.94 5.94 5.94 5.94 
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~~y~e~y~sul~~, ~~ylmercap~ (7.28 ppm) and 
~~l~~hol(7.2-7.3 ppm) were incongruent with H-19s 
of lb (6.94 ppm) and Xc. These results suggested the 
couformational difference of the 2-PBT part among la-le. 
Consequently, we studied the conformation of them by a 
mol~ular orbital method. 

MO calculations were done for respective model 
compounds 3a-3e of la-h, with rotating bonds 81 
(C(l5)-C(l4)-C(2j-C(3)) and Q2~R~13)-~(2)-~(3~}8 
(Pigure 1) in a step-like marmer (10-30 *&The 2-phenyl 
group orientation for the 1,4benzothiazine ring was made 
equatorial according to the reporud study? 

The potential energy curve of 3a with respect to 81 is 
shown in Figme 2. Com~und 3a could have two local 
mia~um confo~tions at ‘91 = 70 o (3a-A) and 8 1 = 
250 ’ (3a-B). The 2’-methoxy group attached to the 2- 
phenyl ring is do~w~d in ~af~ation 3a-A and 
upward in 3a-B in Figure 3. Conformation 3a-3 was 
more stable about 5 kcaUmo1 than 3a-A, and the potential 
curve around 3a-B was spread more gently than that of 
3a-A. These results suggest conformation 3a-B is more 
preferable than 3a-A in terms of energy. Molecular 
rn~~s (MM21 and other MO (PM3) oblations also 
gave similar results6 in facf, conformational resemblance 
of the 2-PBT part of 2s to 3a-3 was found in 2a 

by X-my crystallo Y.g 

For 3b-3e, the pound energy surfaces were surveyed 
witb 81 and 82, and are shown as contour maps in Piiure 
4. Four local rni~~ evocations were found for 3b 
at about (Ql, 62) = (80 O, 320 “) (3b-A), (300 *, 310 “) 
(3b-B), (210 ‘, 150 “) (3~C) and (60 ‘,150 “) (3b-D). 
The potential energies of 3b-C and 3b-D were higher 
(~l~~rnol~ than those of 3b-A M 3b-B. The energy 
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wells that involve the former two conformations (3b-A, 
3b-B) were shallower and more widely spread than those 
of the latter (3~C, 3b-D), thus suggesting predominant 
contributions of 3b-A and 3b-B in all the conformations 
of 3b. These conformations (3b-A, 3b-B) could be 
~s~g~~ed only with the rotational angle 81, whose 81 
values were close to those of 3a-A (Ql = 70 “) and 3a-B 
(Ql = 250 “1, natively. For compomd 3c, the siphon 
with local bairn confo~ations was similar to 3b, 
which was expected &om their strucmral resemblanw, its 
two favomble ~~~ti~s were at (Ql, Q2) = (90 *$310 0) 
(3c-A) and (300 O, 310 “) (3c-B), the others obviously 
unstable. Compound 3d gave essentially two local 
minimum conformations, at about (Ql, $2) = (80 *, 50 “), 
(80 ‘, 170 “) and (80 *, 290 “) @d-A), and (Ql, Q2) = (300 *, 
20 “), (300 O, 140 “) and (300 ‘, 260 “)(3d-3). These two 
conformations were also ~ffe~nti~ with only 81, and 
were comparable to each other in energy. The contour map 
of 3e is ob~ously different from those of 3b-3d as we 
were only abte to find one stable conformation at about 
(Ql, Q2) = (150 *, 60 “1. This is probably due to the 
sterically crowded 2&C3H7 substituent. 

The conformational analysis with the contour maps 
described above reveals a more important role of me 
rotational angle 81 than of 82 in finding more stable 
co~fo~ations. Therefore, in order to comp~ the 
contribution of these conformations of 3b-3e with the 
stable ~nfo~ati~s of 3a diitly, the lentil energy 
curves are shown as functions only of @l(Figure 5); each 
point on these curves was the energy ~~~ with 82. 
With the exception of the potential energy curve of 3e, 
which had a global minimum conformation (3&A) at 81 
= 150 ’ and is clearly ~s~ngu~s~ble, the ~rn~~g appear 
comparatively similar to others. Within these similar 
potential cnrves one difference stands out, this difference 
being the location of the global ~~~ co~fo~ations; 
namely 81 =250° for 3a-B,and Q1=3OO*for 3b-B, 
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3c-B and 3d-B. These could cause the chemical shift circumstances around the 2-PBT part of their parent 
difference of H-19s among the parent compounds (Table 1). compounds. 
While H-19 (3a-B) is located close (-3.0 A) to the amid0 
carbonyl group of the 2-PBT part and appears under its 

Structure-activity relationships 

magnetic shielding region, other H-19s were a little more Consideration of the NMR behavior of la-le with the 
distant (-3.8 A) and out of that shielding region (Figure 6). potential energy curves of the model compounds (3b-3d) 

suggests the participation of their global minimum 
conformation Bs as the most stable structures in solution. 

In consequence, the potential energy curves obtained with We therefore considered that Bs might be relevant to the 
the model compounds would be a good reflection of the Ca2+ antagonistic activity. 

F' ure 3. Stable ~CJC~ minimum st~ctures of 3~3s~. All B conformations ad 3e-A were globd minimum III t~~e~gy. %-A; 81 = 70 ‘, 38-B. 81 s 250 
“%-A (el 82) = (80 O 320 “) 3b_B;(el, e2) = (300 O, 310 “), 39~A;@l, e2) = (90 “, 310 “), 3c-B; (el, 82) = (300 ‘, 310 “), =-A; (el, 02) = (80 ', 
5% "), &-B;\el, e2) = &I O(2i) “), 3e-A; (el, 82) = (150 O, 60 “). 
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Inclusion of the amine side chain of 1 terminating with the conformation. This time, then, the structure-activity 
MDP moiety into a structure-activity study would be relationship was examined in the light of the 
desirable since close proximity between the MDP group conformational behaviors of the 2-PBT part, assuming the 
and the 2-PBT part of 2a in aqueous solution was contribution of the amine side chains on the activities 
suggested by NIvIR,~ however, that will bring about a could be similar and thus they could be cancelled out 
complicated and ambiguous situation on the side chain among la-le. 
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Figure 4. Contour maps of potential energy surface in 3b-A. Values in the maps mean relative potential energies for each global minimum structure. 

Table 2 shows the energy differences (A&$+, = &-A&!,) necessarily enough, because the values AAEBA of la and 
of conformations B and A for differing potencies. lb were the same. 
Conformation A can render exclusive perturbation to the 
contribution of B. The potencies were found to increase 
with the decrease of AAEBA, implying the involvement of 

Accordingly, all the contibutions around the global 
minimum conformation were taken into account. The 

confo~ation B for the activity but this correlation is not molar fractional ratio of each clout of this range, 
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JFigam6. Stereotiewsof 3%B and M-B. 

Table 2. CI?+ ~o~c activities of la-le and their calculated pmperties 

R Activity Enerqv Difference Molar Fraction(%) 

IC!jO&Wa hhEBA(kCal/IrtOl)b !&AC ZBC 

18 H 0.18f0.01 -4.7 0.02 99.96 

lb OCN3 0.25f0.06 -4.7 0.07 99.93 

lc SCH3 1.5f0.4 -2.4 2.99 97.01 

Id CH3 2.1f0.2 -0.7 22.98 77.02 

I* I-C3H? >lO 100.00 0.00 

a;meanfS.JL ~ll=&lO). 
b;AAQ e-AEA 
c; 2, an t Z, refer to all the contributions of molar fractions mound cmfommtion A and B, respectively. 
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including conformation B, was estimated from the 
Boltzmann equation (z = Jexp (AYRT) de). The results are 
given in Table 2 and show a good correlation of the 
potencies with the molar ratios for all the compounds. 
This suggests the importance of the conformation in this 
81 range, as well as, the global minimum conformation 
itself to bring about the activity. 

If we accept the active conformation to have a similar 
structure among compounds when they are incorporated 
into a Ca2+ receptor, then conformation 3a-B would be 
most appropriate as the active conformation of the 2-PBT 
part of 2a. This is because 3a-B would be the global 
minimum structure of the most potent mother compound 
la, and no stable conformation was indicated for non- 
active le in the corresponding energy well. Besides, the 
other medium potent compounds contributed their molar 
fractions to the extensive 81 range of 3a-B in an activity 
dependent manner from slightly distant global minimum 
conformations. 

In a protic solution, the distal MDP group of 2a was found 
to locate adjacent to the 2-PBT part by van der Waals 
interaction between the two aromatic cycles6v7 Since the 
MDP group was essential for the potent activity (data not 
shown), rotational preference of the 2-phenyl ring on 81, 
and hence, it controls the relative position of the MDP 
group. This may cause the difference in potency, provided 
the adjacency brings about no significant change in the 
conformational properties obtained with the model 
compounds. 

Experimental 

lH-NMR spectra were recorded on a JEOL GSX400 
spectrometer using tetmmethylsilane as an internal standard 
in DMSO-&. 

Semiempirical molecular orbital method calculations were 
performed with a modified version of MNDO.lO Model 
structures 3a-3e, for eliminating ambiguity of the 
aminoalkyl chain conformations of la-le, were subjected 
to all the calculations, 

Biological activities were measured by the reported 
method233 with isolated taenia caecum of guinea pig. 

Conclusion 

Conformational differences of the 2-PBT part of la-le 
were suggested by NMR experiments. MO calculations 
with the model compounds indicated that biologically 

(Received 2 December 1993; accepted 9 February 1994) 

active compounds (la-ld) had two stable conformations, 
respectively, while the non-active one (le) had only one 
stable conformation. An energy profile analysis of these 
conformations revealed a correlation of the antagonistic 
activities with molar fractional ratios in a particular 81 
range which include each global minimum conformation. 
These results suggest that the active conformation of the 2- 
PBT part of la-le was similar to the global minimum 
conformation that was indicated for the most potent la. 

Acknowledgements 

We would like to thank Professor Toshimasa Ishida (Osaka 
University of Pharmaceutical Science) for his helpful 
suggestions. 

References and Notes 

1. Nakayama, K.; Morimoto, K.; Nozawa, Y.; Tanaka, T. J. 
Cardiovasc. Pharmacol. 1992,20, 380. 

2. Fujita, M.; Ito, S.; Ota, A.; Kato, N.; Yamamoto, K.; 
Kawashima, Y.; Yamauchi, H.; Iwao, J. J. Med. Chem. 1990, 
33, 1898. 

3. Nishimura, K.; Miyawaki, N.; Yamauchi, H.; Iso, T. 
Annein-Forsch./Drug Res. 1990,40, 244. 

4. (a) Miyawaki, N.; Furuta, T.; Shigei, T.; Yamauchi, H.; Iso, 
T. .I. Cardiovarc. Pharmacol. 1990, 16, 769; (b) Kageyama, 
M.; Nishimura, K.; Takada, T.; Miyawaki, N.; Yamauchi, H. J. 
Cardiovasc. Pharmacol. 1991,17, 102; (c) Miyawaki, N.; 
Furuta, T.; Shigei, T.; Yamauchi, H.; Iso, T. Life Sci. 1991, 
48, 1903; (d) Takada, T.; Miyawaki, N.; Nishimura, K.; 
Nakata, K.; Matsuno, K; Ishida, N.; Yamauchi, H.; Iso, T. 
Arch. Int. Pharmacodyn. 1991, 309, 75; (e) Takada, T. 
Miyawaki, N.; Kageyama, M.; Matsuno, K.; Ishida, N.; 
Yamauchi, H.; Iso, T. J. Cardiovasc. Pharmacol. 1991, 18, 
885; (f)Teramoto, N. Japan J. Pharmacol. 1993,61, 183. 

5. Ota, A.; Suhara H.; Kawashima, Y. Chem. Pharm. Bull. 
1992,40, 833. 

6. Fujimura, K.; Suhara, H.; Ota, A.; Kawashima, Y. Chem. 
Pharm. Bull. 1992, 40, 2901. 

7. Suhara, H.; Ota, A.; Fujimura, K.; Kawashima, Y., in 
preparation. 

8. Torsional angles 82 were defined as follows, b; C(13)- 
0(13)-C(2)-S(l), c; C(13)-S(l3)-C(2)-S(l), d; C(13)H- 
C(13)-C(2)-S(l), e; C(13)H-C(13)-C(2)-S(l). 

9. Ota, A.; Kawashima, Y.; Ohishi, H.; Ishida, T. Chem. 
Pharm. Bull. 1993,41, 1681. 

10. (a) Sasaki, Y.; Takagi, T.; Tanaka, A.; Tokura, R. Bull. of 
Computation Center Osaka University 1985, 14(4), 103; (b) 
Thiel, W. QCPE Bull. 1978, 11, 353; (c) Beppu Y.; 
Ninomiya, I. QCPE Bull. 1981, 14, 409. 


