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The diuretic and antihypertensive drug Besulpamide, 1{(4-Chloro-3-sulfamoylbenzoyl)amino}-2,4,6-tri-
methylpyridinium hydroxide inner salt, and related compounds have been investigated by nmr spectroscopy
and mass spectrometry. A mechanism for the formation of the salt 5 is proposed. The tautomerism of
hydroxy derivatives of Besulpamide is discussed on the basis of nmr spectroscopy. The single-crystal X-ray
investigation of Besulpamide, R = 0.038 (R, = 0.041), showed two crystallographically independent molec-
ular conformations in the crystal structure, space group P1, a = 8.485(3), b = 14.282(2), ¢ = 15.312(6), a =

69.41(2), B = 82.22(4), v = 72.78(3).

J. Heterocyclic Chem., 26, 1373 (1989).

4-Chloro-3-sulfamoylbenzoyliminopyridinium betaines,
which exhibited both diuretic and antihypertensive activi-
ties, have been synthesised in our laboratory [1]. The 1-(4-
chloro-3-sulfamoylbenzoyl)amino}-2,4,6-trimethylpyridin-
ium hydroxide inner salt, Besulpamide (1), has been
“chosen for further development, and is at present in phase
II clinical trials [2].

The pharmacokinetics of Besulpamide have been stud-
ied in rats and dogs [3], but its metabolism is not as yet
completely clarified. In order to identify some metabolites,
the hydroxy derivative of Besulpamide 2 was synthesised
by the standard procedure [1,4] of refluxing 4-chloro-2-
hydroxy-5-sulfamoylbenzoylhydrazide, 6, with trimethyl-
pyrilium tetrafluoroborate and subsequent treatment with
potassium hydroxide. By this reaction another well defin-
ed crystalline compound was isolated and identified as the

salt 5.
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Extensive studies carried out by Katritzky ez al. [5] con-
cerning the nucleophilic attack on N-substituted 2,4,6-tri-
arylpyridinium salts allow the conclusion that the N-substi-
tuents can be displaced and that the pyridine ring can act
as the leaving group. This research group also showed
[4a,5] that the pyrolysis of the N-acylamines of 2,4,6-tri-
arylpyridinium salts leads to fragmentation of the N-N

bond to give excellent yields of the corresponding iso-
cyanates. In our case, the formation of compound 5 in-
volves the breaking of the N-CO bond.

The proposed mechanism for the formation of the salt 5
is outlined in Scheme I. It involves the reaction of the pre-
viously formed betaine 2 with the hydrazide 6 and potassi-
um hydroxide. In order to confirm this hypothesis 2 and 6
were refluxed in methanol. Our initial experiments were
conducted with one equivalent of potassium hydroxide in
ethanol or in methanol as solvent but only unreacted com-
pounds were recovered. The addition of water also led to
unchanged compounds. In contrast, when 2.2 equivalents
of potassium hydroxide were used, the salt 3 was
recovered by crystallization and, after acidification of the
filtrate, 4-chloro-2-hydroxy-5-sulfamoylbenzoic acid, 7, was
identified by 'H-nmr.
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Table 1
'H NMR Data of Compounds 1-5 [a]

Hydrogen 1 1[b] 2 3 4 5
H(3) 7.60 (s) 7.25 (s) 7.62 (s) 7.94 (s) 7.94 (s) 7.67 (s)
H(2a) 2.50 (s) 2.58 (s) 2.52(s) 2.68 (s) 2.61 (s) 2.70 (s)
H(4a) 2.50 (s) 2.48 (s) 2.52(s) 2.59 (s) 2.61 (s) 2.43 (s)
H(10) 8.77 (d) [c] 8.89 (d) [cl 8.59 () [e] 8.71 (d) [c] 8.46 (s) 8.23 (d) [f}
H(13) 7.66 (d) {d] 7.55 (d) [d] 7.08 (d) [e] 7.87 (@) [d] 7.63 (s) 6.32 (d) [f]
H(14) 8.25 (dd) '[c,d] 8.25 (dd) [c,d] - 8.55 (dd) [c,d] - -
SO,NH, 7.63 (s) 7.26 (s) 7.41 (b) 7.70 (b) 7.82 () 7.05 (b)
NH - - - 523 (b) 7.82 () 12.05 (b)
OH - - 14.38 (®) 11.83 (b) -
OtherH - - s ) S 4.14 (b, NH,)

) 6.85 (b, NH,)

[a] Solvent: hexadeuteriodimethyl sulfoxide if not otherwise indicated. TMS was used as internal standard. [b] Solvent: deuteriochloroform and TMS was
used as internal standard. Coupling constants in hertz. [c] Jig14 = 2. [d] 31314 = 8. [€] Jj013 = 1.5. [f] Jypp3=1.2.

Table 2

13C NMR Data of Compounds 1-5 [a]

Carbon 1 2 3 4 5
C(2) 152.2 152.2 156.2 155.9 153.5

C(3) 126.1 [c] 126.2 [c] 128.0 [c]} 127.7 [c] 127.1 [c]
C@) 150.4 151.9 160.1 159.2 154.2

C(2a) 18.8 18.6 19.0 19.2 19.7

C(4a) 20.5 203 21.6 21.6 20.1

C(® 165.5 [e.f] 167.7 [b,e] 163.0 163.0 166.5 [b,h]
(&) 137.1 [b,1] 116.7 [b,f,n] 129.4 [b,d] 115.5 [d] 116.1 [b,f,g]
C(10) 128.4 [c,i] 130.3 [c] 129.1 [d} 132.2 {c,d] 131.6 [c]
cay 140.5 [b,h] 130.6 [g,h] 141.8 [b] 132.1 [d] 119.6 [g.il
C(12) 131.5 [b,i,]) 133.2 [b,e] 135.5 [b} 135.6 [b] 132.3 [b,j.k]
C(13) 131.0 [c] 118.8 [c,m] 132.2 [c] 119.5 {d] 123.1 [c]
C(14) 132.2 [c,i] 163.3 [b)h,n] 132.6 [c] 160.8 [b] 173.5 [b,g,1]

[a] Chemical shifts measured in ppm from the central line of DMSO-dg and corrected to TMS using and offset of 39.7 ppm. [b] Assignment confirmed by
HETNOE enhancement (see Table 3). [c] Assignment confirmed by intermediate power selective decoupling of directly attached protons. {d] Assignment
confirmed by SEFT. Coupling constants in hertz: {e] *Joy = 4. [f] Ty =S. [g] T =1.5. [h] gy =6. [i] =7 []Tcu=2. [K] Ty =10. [1] Iy
= 8. [m] The couplet spectrum shows a doublet (*J; = 167 hertz) with further long range coupling. [n] The couplet spectrum shows a doublet with fur-
ther long range coupling.

In N-acylimines of pyridinium salts, the negative charge
can be delocalized in the exocyclic substituent [6a]
(Scheme II, mesomeric structures 2a and 2b). The possi-
bility of tautomers of compound 2 must also be con-

sidered. Particularly, tautomer 2¢ and 2f are especially
favorable for breakage of the N-CO bond.

The structural study of the betaines 1 and 2, their hy-
droclorides 3 and 4 and the salt 5 has been achieved using
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'H and *C nmr spectroscopy and mass spectrometry. A
single crystal X-ray structure analysis of Besulpamide, 1,
was also undertaken.

Nuclear Magnetic Resonance Spectroscopy.

The 'H and "*C nmr chemical shifts and coupling con-
stants of compounds 1-5 are shown in Tables 1 and 2. The
numbering of all carbon atoms in the Tables is the same as
that adopted in the X-ray crystallographic structure of
Besulpamide (Figure 2) in order to provide direct com-
parison.

'H nmr of a series of N-acyliminepyridinium have been
reported [6] as well as systematic comparative studies in V-
substituted pyridines [7]. The assignment of protons of
compounds 1.5 is straightforward. The chemical shifts of
a- and y-methyl protons of the pyridinium ring are the
same in DMSO-d for the compounds 1, 2 and 4 but the
v-methyl group is less deshielded than o-methyl in com-
pounds 3 and 3 and in compound 1 using deuteriochloro-
form as solvent. The same was observed earlier [8a] with
non-aromatic N-bonded trimethylpyridinium salts but the
situation is reversed when N-aryl substituents are present.
As in compound 1 using deuteriochloroform as solvent,
‘the N-benzenesulfonylimino group shields the y-methyl
protons and deshields the a-methyl protons [8b].

Comparison of the chemical shifts of compounds 1 and
2 shows that hydroxy substitution at C(14) produces an up-
field shifts (—0.58) [9] in the H(13) and in the H(10)
(—0.18). These data exhibit a considerable parallelism
(—0.56 and —0.12 respectively) with those described in
the literature [10] for the hydroxy substitution, suggesting
that the hydroxy tautomers 2a to 2d (Scheme II) are the
predominant forms. The H(13) and H(10) in compound 3
are shielded (—0.76 and —0.36 respectively) in compar-
ison with the same protons in compound 2 due to the ma-
jor contribution of phenolate tautomers 3e and Sf
{Scheme III). The data reported in the literature [11] show
that, on conversion to the anion, the resonance of the or-
tho and meta protons of a substituted phenol are shifted
upfield (—0.50 to —0.84 and —0.19 to —0.47 respective-

ly).
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The *C nmr spectra of compounds 1-5 are given in
Table 2. The resulting chemical shifts of 1 agree reason-
ably well with those reported earlier [12] for unsubstituted
1-benzoylaminopyridinium hydroxide, inner salt. How-
ever, the identification and assignments of the **C shifts of
compound 5 are essential to the establishment of its con-
stitution, as well as for compounds 1-5 in order to discuss
their tautomerism. The signals of all protonated carbons
were unambiguously assigned by intermediate power
selective decoupling of the corresponding protons
(SFORD technique [13a]) and by the spin echo Fourier
transform sequence (SEFT [13b] ). These techniques per-
mitted assignment of the narrow range of resonances at
131.0 and 131.5 ppm for compound 1, at 130.3 and 130.6
ppm for compound 2, at 132.2 and 132.6 ppm for com-
pound 3, at 132.1 and 132.2 ppm for compound 4 and at
131.6 and 132.3 ppm for compound 5. Some quaternary
carbons were assigned by examination of the couplet spec-
tra. Thus, the characteristic coupling constants C-H for
compound 1 allow assignment of carbons C(8) and C(12)
and the broad doublets for compound 2 of carbons C(9)
and C(14) may indicate their position with respect to the
OH proton. A broad coupling is also observed at C(13) of
compound 2 but couplings observed at carbons C(9), C(13)
and C(14) for compound 5 were not broad, showing the
absence of OH appended at C(14).

However, the assignments of the C(9) and the C(11) car-
bons fo all compounds, and of the C(8) and the C(14) car-
bons of compounds 2 and 5 remained uncertain. We used
the HETNOE technique, developed by Sanchez-Ferrando
et al. [14], which we have recently applied to confirm the
constitution of some quinolone derivatives [15a]} and to the
constitutional assignment of the antiinflammatory Drox-
icam [15b). A series of HETNOE experiments (Table 3)
provided conclusive evidence of the assignments of the
quaternary carbons and explained the constitution and
the tautomeric predominant forms of the betaine 2 and of
the salt 5. The HETNOE method, as shown previously
[16], is very useful in hydrogen bonded systems. In our
cases, the crucial HETNOE experiments were caried out
by low power presaturation of the OH signals at § 14.38
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Table 3

Percentage Heteronuclear NOE Enhancements on Irradiation of
some Protons in DMSO-dg

Irradiated NOE %
Compound Proton C@8) C@9) Cal) C(12) C(14)
1 H(10) 24 65 92 S -
H(13) - S - 62 -
H(14) S 17 - - S
2 H(13) - - - 84 18
OH fa] 37 30 S - 55
3 H(10) 23 68 93 = -
H(13) - - S 65 S
4 H(13) S S - 49 19
5 H(13) - S - 75 60
OH [a] 29 24 - - 8

[a] Irradiation time to generate nOe on quaternary carbons = 180s.

and 12.05 ppm of compounds 2 and 5 respectively, for an
irradiation time to generate nOe on quaternary carbons of
180 s. This resulted in enhancements, for the betaine 2, of
55% at C(14), 37% at C(8) and 30% at C(9), thus showing
the intramolecular hydrogen bond and therefore the pre-

J. Frigola
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dominant tautomeric structures 2a and 2¢ (Scheme II).
The irradiation of the OH signal of the salt 5 resulted
mainly in nOe enhancement (29%) at C(8) and only 8% at
C(14), thus showing that the negative charge is located at
the oxygen attached at C(14) and therefore the predomi-
nant tautomeric structures are 5e and 5f (Scheme III).

The C(2) and C(4) carbons of the pyridine ring under-
went a shift to low field on protonation (compounds 3 and
4) of the benzamidate nitrogen atom of the betaines 1 and
2. In contrast, the carbonyl carbons C(8) and C(9) become
more shielded on protonation on going from compound 1
to 3 and from compound 2 to 4.

A specific problem was raised on considering the effect
of hydroxy substitution to the carbonyl group. For the be-
taines 1 and 2, the change of an OH causes a downfield
shift (+2.2 ppm) [17] at the carbonyl carbon C(8) and an
upfield shift (—20.4 ppm) at C(9). For the protonated com-
pounds 3 and 4, no change in the chemical shift is produc-
ed at C(8) and an upfield shift of —13.9 ppm is observed at
C(9). We interpret these observations as being consistent
with the. view that intramolecular hydrogen bonding is
present in the betaine 2 and do not exist in the protonated
compound 4. Indeed, it has been described [13c] that
intramolecular hydrogen bonding involves the nonbond-
ing electron of the carbonyl oxygen and, as a result, the
carbonyl carbon becomes more positive, and thus a de-
shielding is observed. On the other hand, the experimen-
tally determined *C nmr spectra of several compounds
with intramolecular hydrogen bonding (Table 4) showed
that not only the carbonyl carbon C(8) is more deshielded

Table 4

Substituent Increments in Substituted Benzenes [a]

RH
<|> 13
R—C—> R12
8
Rll
R R! R? R ASC(8) ASC(9) A8C(13)

OH SO,NH, a H--»OH +4.6 -18.0 ~13.8
OCH, SO,NH, a H--»O0H +2.4 -16.4 -133
OCH, SO,NHMe a H--»0CH, -0.7 - 106 -174
OCH, SO,NMe, a H—OCH, -0.3 -105 ~175
NH, SO,NH, a H—OH +29 -19.1 121
NH, SO,NMe, cl H--OCH,4 -1.7 ~118 -167
NHNH, SO,NH, a H—O0H +25 ~162 _ 85
NH, H H H--»0H +35 -19.6 -109
NH, H H H-»OCH, -21 -11.8 -162

{a] See footnote [a] on Table 2.
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(+2.4 to +4.6) but also the a-carbon C(9), with respect to
the OH and the carbonyl groups, is shielded by —16.2 to
—19.6 ppm. In contrast, when intramolecular hydrogen
bonding was not possible (OCH, as substituent in Table 4),
the carbonyl carbon C(8) underwent a shift to high field
(—0.3 to —2.1) and the a-carbon C(9) was shielded only by
—10.5 to —11.8 ppm, taking into account that the shield-
ing effect of a methoxy group is higher than that of an
hydroxy substituent. In fact, the C(13) carbon is shielded
between —8.5 and —13.8 ppm by an OH and between
—16.2 and —17.5 ppm by a methoxy group (Table 4).
However, the hydroxy effect at C(13) carbon in the betaine
2 (—12.2 ppm) is nearly equal to that of the protonated
compound 4 (—12.7 ppm).

In conclusion, the predominant tautomeric structures of
the hydroxy derivatives of Besulpamide are 2a and 2c
(Scheme II), 5e and 5f (Scheme III) and 4b.

Mass Spectrometry.

The electron impact spectrum of Besulpamide 1 (Table
5), revealed a fragmentation pattern analogous to the N-
benzoylimino-2,6-dimethylpyridinium betaine, studied by
Ikeda et al. [18]. The spectrum showed the molecular ion
(m/z 353) and the base peak at m/z 338 corresponding to a
loss of an a-methyl radical and subsequent cyclization of
the oxygen radical to give a fragment ion of completely
aromatized structure (Figure 1).

Table 5

Mass Spectrometric Fragmentation {a]

mz 1 2 5 6
369 3

354 5

353 4

338 100

265 5 21
234 4 33 100
218 13

163 30 7

137 9

136 39 32 78

121 45 38 100

120 20 39 81

[a] Intensity of some of the more important fragments expressed
as percent of base peak.
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A loss of 4-chloro-3-sulfamoylphenyl from molecular ion
led to m/z 163 which by further elimination of NCO fur-
nished a trimethylpyridinium ion at m/z 121. A low intensi-
ty peak at m/z 218 corresponds to the 4-chloro-3-sulfamoyl-
benzoyl ion as described for related compounds [19].

The fragmentation pattern of compound 2 is analogous
to that of 1. The salt 5 shows peaks at m/z 265 and 234 cor-
responding to 4-chloro-2-hydroxy-5-sulfamoylbenzoylhy-
drazide and those corresponding to the fragmentation of
trimethylpyridinium (m/z 136, 121 and 120). Moreover, the
peek of N-trimethylpyridiniumisocyanate at m/z 163 is not
observed in the spectrum of compound 3 and the cation of
the salt 5 at m/z 137 is not observed in the spectra of com-
pounds 1 and 2 (Table 5).

The X-Ray Crystallographic Description of Besulpamide,
1.

The structure determination was carried out as describ-
ed in the experimental section. Two independent molecu-
lar conformations (1 and 1°) were identified in the crystals
as shown in Figure 2. The final fractional atomic co-ordin-
ates and bond lengths involving H-atoms are given in
Table 6, and bond lengths and bond angles in Table 7.

The atoms in the pyridinium ring are coplanar to within
+ 0.018 A in molecules 1 and 1’, while those for the ben-
zene ring are within + 0.032 A in molecule 1 and £
0.041 A in molecule 1’. The atoms in the N-N-CO-C(9) sys-
tem are also coplanar to within + 0.009 A in molecule 1
and + 0.012 A in molecule 1’. The other parameters of
interest in molecules 1 and 1’ are the dihedral angles be-
tween the least-squares ring planes and the N-N-CO-C(9)
system and the torsion angles of this part of the molegul_e.

The pyridinium ring is almost perpendicular to the N-N-
CO-C(9) system (85.1° for molecule 1 and 96° for molecule
1), as required by space group symmetry. The dihedral
angles between the N-N-CO-C(9) system and the benzene
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Table 6

Fractional Atomic Coordinates (x 104) and Bond Distances (A) Involving H-Atoms with their e.s.d.'s

Molecule 1 Molecule 1'
Atom X y z Atom x y z
N1 7208 (4) 5711( 2) 8548( 2) N1’ 13340(3) 1397( 2) 14908( 2)
C2 5710(5) 6077( 3) 8926( 3) c2’ 13941 (4) 2189( 2) 14877( 2)
C2a 4216(7) 5920( 5) 8643( 4) C2a' 14686 (5) 2751( 3) 13980( 3)
C3 5637 (6) 6582( 3) 9558( 3) C3’ 13789 (4) 2457( 2) 15675( 2)
C4 7029 (6) 6705( 3) 9819( 3) C4’ 12993 (4) 1966( 3) 16474( 2)
C4a 6924 (9) 7204( 4) 10550( 4) C4a’ 12724 (8) 2319( 4) 17319( 3)
C5 8508 (6) 6348( 3) 9393( 3) Cs' 12414 (4) 1166( 3) 16471( 2)
C6 8615(5) 5857( 3) 8750( 3) Ceé' 12604 (3) 864( 2) 15691( 2)
C6a 10175(6) 5499( 5) 8238( 4) Cé6a’ 12049 (5) ~26( 3) 15663( 3)
N7 7278 (4) 5212( 2) 7886( 2) N7’ 13570(3) 1084( 2) 14109( 2)
C8 7627 (5) 4195( 3) 8270( 3) Ccg’ 12254 (4) 1519( 2) 13593( 2)
O8a 7893 (4) 3679( 2) 9118( 2) O8a’ 10920(3) 2122( 2) 13734( 1)
(&) 7668 (5) 3648( 3) 7585( 3) (o1°) 12453 (3) 1181( 2) 12744( 2)
C10 7813(5) 4140( 3) 6628( 3) C10' 11043 (4) 1272( 2) 12320( 2)
Cl11 7920(4) 3622( 3) 5993( 3) C1r1’ 11170(3) 901( 2) 11576( 2)
C12 7879 (5) 2588( 3) 6331( 3) C12 12726 (4) 461( 2) 11252( 2)
CL12 8121(1) 1861( 1) 5600( 1) CL12’ 12947(1) -70( 1) 10366( 1)
Ci3 7700(5) 2097( 3) 7282( 3) c13¥ 14145 (4) 407( 3) 11648( 2)
Cl4 7592(5) 2632( 3) 7899( 3) Cl4’ 13997 (4) 766( 3) 12393( 2)
S15 8140(1) 4305( 1) 4779( 1) S15' 9307 (1) 957( 1) 11117( 1)
Ol5a 8112(4) 5331( 2) 4723( 2) O15a’ 9332(3) -94( 2) 11258( 1)
0O15b 6943 (3) 4174( 2) 4294( 2) 015b’ 7995 (3) 1564( 2) 11538( 2)
N16 9932(6) 3790( 3) 4427( 3) N16' 9360 (4) 1556( 2) 10023( 2)
H2al 4341(63) 5239(42) 8744(36) H2al' 13851 (51) 3081(30) 3546(28)
H2a2 3271(68) 6083(39) 8997(35) H2a2' 15457 (51) 2304(32) 3764(28)
H2a3 4064 (66) 6173(41) 8064(38) H2a3' 15213 (49) 3218(32) 4081(27)
H3 4626 (64) 6790(38) 9780(35) H3’ 14260 (47) 2979(30) 5651(27)
Hdal 6407 (61) 6763(39) 11140(38) H4al’ 12733 (56) 2916(34) 7180(31)
H4a2 7845 (66) 7374(40) 10631(36) H4a2' 13955(51) 2094(29) 7668(28)
Hda3 6197 (64) 7758(41) 10508(36) Hd4ad' 12388(52) 1891(32) 7842(30)
HS5 9455 (65) 6471(38) 9441(34) HS’ 11830(49) 850(30) 6961(28)
Héal 10342(61) 4751(42) 8355(35) Hé6al’ 12864 (50) —486(31) 5459(27)
Hé6a2 11044 (66) 5591(40) 8471(36) Hé6a2' 11584 (49) —378(31) 6281(29)
H6a3 10168 (61) 5845(39) 7633(38) Hé6a3' 11132(52) 215(30) 5288(28)
H10 7954 (61) 4840(40) 6436(35) H10' 9931 (48) 1567(29) 2533(26)
H13 7563 (58) 1370(40) 7490(33) H13’ 15180(50) 139(29) 1377(27)
H14 7540(59) 2265(38) 8560(36) H14' 14982 (49) 725(29) 2644(26)
H161 10100(57) 3132(37) 4290(32) H161' 9827 (50) 1193(32) ~293(28)
H162 10769 (60) 3930(37) 4672(33) H162' 8879(51) 2190(33) -158(28)
Bond Length Bond Length

H2al -—-C2a 0.905 (61) H2al---C2a’ 0.935 (41)

H2a2 ---C2a 0.923 (52) H2a2---C2a’ 0.887 (42)

H2a3 ---C2a 0.843 (55) H2a3'---C2a’ 0.968 (53)

H3 --C3 0.883 (50) H3' ---C3' 0.934 (49 )

H4al ---C4a 1.030 (50) H4al'---Cda’ 0.804 (49)

H4a2 ---Cda 0.919 (65) H4a2'---C4a’ 1.145 (45)

H4a3 ---Cda 0.835 (50) H4a3'---C4a’ 0.890 ( 40)

H5 --CS 0.942 (63) H5' ---C5' 0.898 (38)

H6al ---C6a 0.987 (60) H6al-—-Cé6a’ 0.908 (41)

H6a2 ---C6a 0.922 (65) Hé6a2'---Cé6a’ 0.992 (39)

H6a3 ---C6a 0.884 (51) Hé6a3'---Céa’ 0.937 (44)

H10 ---C10 0.997 (58) H10' ---C10' 0.976 (37)

H13 --C13 1.010 (57) H13' ---C13’ 0.950 (38)

H14 ---Cl4 0.964 (48) H14' ---C14' 0.945 (46)

H161---N16 1.000 (58 ) H161---N16¢’ 0.814 (47)

H162---N16 0.945 (61) H162---N16' 0.836 (40)

ring are 17.2° and 21.4° for molecules 1 and 1’ respective The differences between special torsion angles in
ly. The torsion angles along bonds of the N-N-C0O-C(9) sys-  molecules 1 and 1’ suggest that the rotation around C(11)-
tem are N(1)-N(7)-C(8)-O(8a) 0° and —0.9°, and N(1)-N(7) 5(15), S(15)-N(16) and C(8)-C(9) bonds are relatively soft
C(8)-C(9) 178.6° and —178.9° for molecules 1 and 1°  parameters which may be easily influenced by the crystal
respectively (Figure 2). or by packing forces. Thus, the torsion angles are C(10)-
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Figure 2. Views of the two crystallographically independent molecular
conformations in the crystal structure of Besulpamide.

Figure 3. Unit cell and molecular packing of Besulpamide.

C(11)-S(15}-N(16) 112.6° and 126.1°, C(12)-C(11)-S(15)-
N(16) —66.3° and —57.1°, C(11)-5(15)}-N(16)-H(161) 79.8°
and 86.1°, C(11)}-S(15)-N(16)-H(162) —69.7° and —96.2°,
N(7)-C(8)-C(9)-C(10) 17.8° and 158.2°, and N(7)-C(8)-C(9)-
C(14) —163.3° and —20.4° for molecules 1 and 1’ respec-
tively.

The bond lengths and angles in the trimethylpyridinium
ring are in good agreement with other Eep_orted [20] tri-
methylpyridinium salts. The distances N-N are also in
agreement with the values found in l-nitroimidepyridines
[21] (1.422A) or in N-N linked heterocycles [22] (1.414A).

The hydrogens available to form hydrogen bonds (SO,-
NH,) were found to be within an appropriate distance and
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in an appropriate direction to form them with suitable
electronegative acceptors. In the crystal structure of the
present betaine, one oxygen of the sulphonamide group of
one molecule and the oxygen of the carbonyl of another
molecule are proton acceptors from the hydrogens of the
SO,NH, group from a third molecule. Thus, the bond
lengths N(16)-H(161)....0(8a’) are 1.000A (N-H) and
1.843A (H...0).

EXPERIMENTAL

NMR Spectroscopy.

The nmr spectra were determined out in the pulsed Fourier
transform mode with an internal deuterium lock, at 100 MHz (*H)
and 25.1 MHz (*3C) on a Bruker instrument, model AM-100. The
spectra were recorded in deuteriochloroform or in DMSO-d; at
concentrations 1% wiv (*H) or 15-20% w/v (**C). Operating tem-
perature was 310°K. Heteronuclear decoupling experiments for
correlation of protons with directly attached carbons (SFORD
method) were carried out by collecting **C nmr FIDs under CW
decoupling with a decoupler power setting of 40 H, ie. a de-
coupler output attenuation of 40 dB below a nominal 11 w full
power. The measurement of longrange selective heteronuclear
13C{'H} nOe enhancements was achieved by means of the micro-
program previously described [13]. The selective generation of
heteronuclear *C{*H} nOe was carried out under CW decoupling
with a decoupler power setting of 61L, i.e., a decoupler output at-
tenuation of 61 dB below a nominal 0.2 w full power. The irradia-
tion time was usually 30-40 s except when OH were irradiated at
compound 2 and 3 when it was 180 s. NOe enhancements factors
were calculated from peak height ratios. The reference chosen
was the central peak of DMSO-de. Thus n; = [(I/Iref) /-
(I/Iref)B}-l, where the subscripts N and B refer to the nOe spec-
trum and base spectrum, respectively.

Mass spectrometry.

Mass spectra were determined with a Hewlett Packard 5895
spectrometer using the direct insertion method and electron-
impact at an ionizing voltage of 70 eV.

Crystal Data.

C,H,,CIN,0,S, M = 353.82. Triclinic, a = 8.485(3), b =
14.282(2), ¢ = 15.312(6) A, o = 69.41(2), B = 82.22(4), v =
72.783), V = 1 658.0(8) A® (by least-squares refinement on dif-
fractometer angles for 25 high angle reflections), A = 0.71069
(A), space group P1, Z = 4, D, = 1417 g cm™. Pale yellow
single crystals were grown from ethanol by slow evaporation of
the solvent. Crystal dimensions: 0.20 x 0.30 x 0.35 mm, u(M_-K )
= 3.65 cm™.

Data Collection and Processing.

Enraf-Nonius CAD4 diffractometer, w2 6 mode, graphite-
monochromated M -K_ radiation; 5 790 reflections measured
(-10>h>10, -17>k>17, 0>1>18), 4106 reflections observed
with [>2.00(I). No absorption corrections were made. The inten-
sity of the standard reflexion (1 4 7) dropped by an average of
0.8% over the period of data collection.
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Bond Distances (A) and Bond Angles (Degrees) with their e.s.d.'s

Molecule 1
Bond
C2 N1
Cé --Nl
N7 --N1
Ca --C2
Cc3 -2
Cc4 ---C3
Cda ---C4
cs ---C4
c6 ---C5
Céa ---C6
C8 ---N7
0O8a ---C8
c9  ---C8
Clo ---C9
Cl4 ---C9
Cll1 ---C10
Cl12 --Ci1
S15 --Cl11
CL12 ---Ci12
C13 --C12
Ci4 --Ci13
Ol15a ---S815
O15b ---S15
Ni6 ---§15
Bonds
C6 -Nt -C2
N7 -N1 -C2
N7 -N1 -Cé
C2a -C2 -N1
C3 -C2 -NI
C3 -C2 C2a
4 -C3 -C2
Cda -C4 -C3
Cs -C4 3
CS -C4 Cda
c6 -C5 -C4
Cs -C6 -NI
C6a -Cé6 -N1
Céa -C6 -C5
C8 -N7 -NI1
0O8a -C8 -N7
a9 -C8 -N7
9 -C8 -O8a
Ci0 -C9 -C8
C14 -C9 -C8
Cl4 -C9 -C10
Cl11 -C10-C9
Ci2 -C11-C10
S15 -Ci1-C10
S15 -C11-C12
CL12-C12-C11
C13 -Ci12-C11
C13 -Ci12-CL12
C14 -C13-C12
C13 -C14-C9

Ol15a -815 -Cl11
O15b -815 -C11
O15b -§15 -Ol15a
Ni6 -S15-Cil
N16 -S15 -Ol5a
N16 -§15-O15b

Structure Analysis and Refinement.

The structure was resolved by direct methods applying the
MULTAN 11/84 [23] system, the E-map based on the phase set
with ABS FOM = 1.196, PSI O = 1.955, RESID = 6.75 and
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Table 7

Molecule 1"

Bond

C2' ---NI'
C6' ---NI'
N7' ---NI'
C2a' ---C2’
C3' ---C2
C4' ---C3
C4a" ---C4
cs' ---C4
c6' ---C5'
Céa’ ---C6'
C8' ---N7'
O8a' ---C8'
c9' ---C¥
C10' ---C¥
Ci4'" ---C9’
c11 ---C10
c12' ---C11
§15" ---CI1'
CL12'---C12'
Ci13 ---C12
Cl14' ---C13
O15a’ ---S15'
O15b'---S15'
N16' ---S15°

Bond

C6' -N1'-C2
N7' -N1'-C2
N7' -NI1' -Cé'
C2a' -C2' -N1'
C3' -C2' -NI"
C3' -C2' -C2a’
C4' -C3 -C2
C4a’ -C4' -C¥
Cs' -C4 -C¥
Cs' -C4' -Cda’
c6' -C5' -C4
Cs' -C6' -NU”
Cé6a’ -C6' -NI'
Cé6a’ -C6' -C5'
C8' -N7'-NI'
O8a' -C8' -NT7'
C9' -C8' -NT'
C9' -C8' -O8a’
C10" -C9' -C8'
Cl4' -C9' -C§
C14' -C9' -C10'
ci1r -C10'-C9’
C12' -C11'-C10
S15' -Cl1'-C10'
S15' -C11'-C12'
CL12'-C12'-C11"
C13' -C12'-C1Y’
C13' -C12'-CL12
Cl4' -C13'-C12'
C13' -C14'-C%’
Ol5a'-S15'-C11"
O15b'-815'-C11’
015b'-815'-015a’
N16' -515'-C11
N16' -S15'-015a’
N16' -§15'-015b'
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CFOM = 2.77 established positions of 40 non hydrogen atoms

for two independent molecules; a subsequent difference Fourier
synthesis gave the positions for the remaining non H-atoms. The
refinement of the structural model was performed by full-matrix
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least-squares methods (SHELX-76) [24]. All hydrogen atoms were
located from a difference Fourier synthesis and refined with
global temperature factors. In the final difference Fourier map
calculated after the last cycle the maximum and minimum
heights were 0.22 and —0.28 e A3 The weighting scheme w =
1o XF) + 0.000872 F 7, with ¢ (F°) from counting statistics
gave satisfactory agreement analyses. Final R and R, values are
0.038 and 0.041. Scale factor 1.420 (2). Atomic scattering factors
and corrections for anomalous dispersion were taken from the In-
ternational Tables from X-Ray Crystallography [25]. Geometrical
calculations were performed with XANADU [26] and the perspec-
tive stereoscopic view with PLUTO [27].

Compounds.
Compounds 1 and 3 were obtained as reported in reference 1.

1{4-Chloro-2-hydroxy-5-sulfamoylbenzoyl}amino}-2,4,6-trimethyl-
pyridinium Hydroxide Inner Salt, 2, and 1-Amino-2,4,6-trimethyl-
pyridinium 2-carbonylhydrazide-5-chloro-4-sulfamoylphenolate,
5.

A solution of freshly prepared trimethylpyrilium tetrafluoro-
borate (4.2 g, 0.02 mole) and 4-chloro-2-hydroxy-5-sulfamoyl-
benzoylhydrazide (5.3 g, 0.02 mole) in ethanol (100 ml) was refux-
ed for 6 hours and then stirred at 25° for 14 additional hours. To
the stirred solution 85% potassium hydroxide (1.38 g, 0.021
mole) was added and then stirred for one hour at room tempera-
.ture. The precipitate formed was filtered and washed with meth-
anol at 40°. The filtrate was evaporated in vacuo and the solid
was recrystallized from methanol to give white crystals of 5 (1.1 g,
14%), mp 219-221°.

Anal. Caled. for C;H, N,CISO,: C, 44.83; H, 5.02; N, 17.43; Cl,
8.82; S, 7.98. Found: C, 44.67; H, 5.28; N, 17.49; Cl, 8.82; S, 7.96.

The last filtrate was evaporated in vacuo. Column chromatog-
raphy on silica gel eluting with chloroform/methanol (95:5) af-
forded a solid which was recrystallized from methanol to give
white crystals of 2 (2.1 g, 28%), mp 260-261°.

Anal. Calcd. for C,;H,,N,CISO,: C, 48.72; H, 4.36; N, 11.36; Cl,
9.59; S, 8.67. Found: C, 48.90; H, 4.63; N, 11.57; Cl, 9.51; S, 8.56.

Reaction of 1{(4-Chloro-2-hydroxy-5-sulfamoylbenzoyl)amino}
2,4,6-trimethylpyridinium Hydroxide Inner Salt, 2, with 4-Chloro-
2-hydroxy-5-sulfamoylbenzoylhydrazide, 6.

To a solution of 2 (370 mg, 1 mmole) and 4-chloro-2-hydroxy-5-
sulfamoylbenzoylhydrazide, 6, (266 mg, 1 mmole) in methanol (30
ml) and water (1 ml), a solution of potassium hydroxide in meth-
anol was added (11 ml potassium hydroxide 0.2M, 2.2 mmoles).
The stirred solution was refluxed for 24 hours and then concen-
trated to 30 ml. From this solution 3 was obtained by crystalliza-
tion at room temperature and identified by 'H-nmr. The filtrate
was neutralized with hydrochloric acid and the precipitate
removed by filtration. The last filtrate was acidified to pH = 3
with hydrochloric acid and a minute amount of a solid compound
was removed by filtration. This compound was identified as
4-chloro-2-hydroxy-5-sulfamoylbenzoic acid, 7, by *H-nmr: 7.15 (s,
H-3), 7.50 (b, NH.,), 8.39 (s, H-6), 12.50 (b, COOH, OH).

Biological Activities.

The diuretic activity of 2 (dose 10 mg/kg, urinary volume 41.2
ml’kg, Na* 7.39 meqv’kg, K* 2.1 meqv’kg, Cl” 9.25 meqv/kg,
osmotic pressure 23.6 mosm/kg, pH 5.58) is very similar to that of
Besulpamide [28], 1. In contrast, the salt 5 lacks diuretic activity.
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