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dioxides: a New Class of Heterocyclic Compounds with Therapeutical Promises.
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Abstract; 3-Alkylamino-pyridol4,3-¢}-1.2,4-thiadiazine 1.1-dioxide represents a new class

S EEEEEEE M A conenntdll b Sk

racvclic mnou
CV comnour

svnrpccino imnartant nharmacanlngical neamertice Acpordin ino mng thi,
il IO/ 1IN LR, UL

SAPRAVISALLE, LILPVI WL MG LMWV RAVGL VR VAL Hiw. £V

heterocyclic ring system may exist under three different tautomeric forms. By means of spectral and X-ray data collected from

o

selected compounds, the most favourable tautomeric form adopted by 3-alkylamino-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxides
devoid of an alkyl substituent in the 2- or in the 4-position was determined. The present study giving new insights in the
geometrical and conformational aspects of pyridothiadiazinedioxides is important considering the pharmacological potentialities
of this class of heterocyclic compounds, © 1999 Elsevier Science Lid. All rights reserved.

During the last years, we have focused our research in
1,2,4-pyridothiadiazine 1,1-dioxides. These compounds, poorly described in the literature'?, may be
regarded as pyridinic isosteres of previously reported 1,2,4-benzothiadiazine 1,1-dioxides.

1) (3-methyl-#H-1,2,4-benzothiadiazine 1,1-dioxide)’ is a well known

P SETTTE = 7 = b4 R = i

From the latters, diazoxide (Figure
antihypertensive agent currently reported as the pharmacological reference compound for the
benzothiadiazine class of ATP-sensitive potassium channel (Karp) openers®. Since potassium channels play a
crucial role in controlling the cell membrane potential and are involved in many physiological processes®®,
considerable efforts have been focused during the last decade on the discovery of new potassium channel
openers (PCOs). Therefore, in the search of new PCOs structurally related to diazoxide, we first synthesized
and studied 3-alkyl-1,2 4-pyridothiadiazine 1,1-dioxides bearing the nitrogen atom in different positions of
the pyridine ring”®.

* E-mail: P.DeTullio@ulg.ac.be
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3-alkylamino-pyrido|4,3-¢]-1,2,4-thiadiazine 1,1-dioxides
Figure 1. diazoxide, pinacidil and 3-alkylamino-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxides: three classes of potent PCOs.

Pinacidil is another potent PCO belonging to the chemical class of the N-alkyl-N”-cyano-N -

generation of compouds, we recently investigated a series of pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxides

8.10

bearing an aminoalkyl moiety in the 3-position instead of an alkyl side chain (Figure 1) These molecules

pinacidil. Indeed, the sulfonylguanidinic
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otety of 3-alkylamino-pyrido[4,3-¢]-1,2 4-thiadiazine 1,1-dioxides

can be compared to the cyanoguanidinic of pinacidil. Some representatives of this class of “hybrid”
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isopropylamino-, 3-(1,2-dimethyipropyi)amino- ,2-trimethylpropyl)amino-pyrido[4,3-¢]-1,2,4-
thiadiazine 1,1 dioxides respectively), were found to be the most potent drugs acting on pancreatic Karp

channels 1,12

The knowledge of the conformational aspects associated to this kind of heterocyclic ring system will
first allow the geometrical comparison with diazoxide and pinacidil. Moreover, identification of the most

obable conformations adopted by bioactive compounds is of considerable importance for establishing the
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p
structural requirement needed for biological activity (the pharmacophore) and, as a result, for predicting
optimal drug-receptor interactions. As previously reported, 3-alkyl-1,2,4-pyridothiadiazine 1,1-dioxides are
expected to exist in two different tautomeric forms: the 4H- and the 2H-forms. We recently demonstrated
t 3-methyl-1,2,4-pyridothiadiazine 1,1-dioxides devoid o

appear to predominantly exist, at least in the solid state, as the 4H-tautomer . In contrast to their 3-alkyl-

substituted isosteres, 3-alkylamino-pyrido[4,3-e]-1,2 4-thiadiazine 1,1-dioxides may theoretically exist in
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Figure 2: different possible tautomeric forms for 3-alkylamino-pyrido[4.3-¢]-1,2,4-thiadiazine 1,1-dioxides devoid of an alkyl
substituent in the 2- or in the 4-position.

The present work tries to identify the preferential tautomeric form adopted by these pyridothiadiazine
derivatives in solution and in the solid state by using spectral (IR, 'H and “C NMR and UV) and

Results and Discussion

In order to determine the preferential position of the double bond in the thiadiazine ring of 3-
alkylamino-substituted compounds, we have synthesized six molecules representative of the different possible
tautomeric forms (Figure 3). Introduction of a methyl substituent in the 2- or in the 4-position of the
thiadiazine ring will conduct to examples of compounds for which the 2H- or the 4/-conformation,

respectively, has been constrained.

Thus, the first synthesized compound, 3-methylamino-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxide 1,
which is also the most tightly related to the active pyridothiadiazinic PCOs, could exist under the three
possible tautomeric forms (Figure 3). Its 3-dimethylamino-substituted analogue 2 could present an
equilibrium between conformation I and conformation II. 4-Methyl-3-methylamino-pyrido[4,3-¢]-1,2,4-
thiadiazine 1,1-dioxide 3 should be representative of tautomers I and HII. The 3-dimethylamino-4-methyl-
substituted compound 4 and its 3-dimethylamino-2-methyl-substituted counterpart 6 should essentially exist
under form I and form I1, respectively. Finally, 2-methyl-3-methylamino-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-
dioxide § should present the double bond between C(3) and N(4) (form 1I) or between C(3) and

\ 'Y ~P +al
I J- vl rtunately, access t

methyl substituent in the 2- and in the 4-position, has not yet been achieved.

The starting materials for the synthesis of the different molecules were 4-aminopyridine-3-

The aminopyridinesulfonamides 8 and 9 were converted into the 3-methylsulfanyl-substituted

pyridothiadiazinic key intermediates 15 and 16 in three steps.

e
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Figure 3: compounds selected as representatives of the possible tautomeric form adopted by 3-alkylamino-pyrido[4,3-¢]-1,2,4-
thiadiazine 1.1-dioxides.

The first step consisted in the reaction of 8 and 9 with urea leading the 3-oxo compounds 11 and 12,
respectively. Subsequent conversion of the 3-oxo compounds into their 3-thioxo counterparts 13 and 14 by

Al .l L
mnonaton 1

compounds 15 and 16 (Scheme 1). Because of the urea step, this reaction route did not satisfactorily

occurred with N-methyl-4-aminopyridine-3-sulfonamide 10. The ring closure of 10 was finally achieved by
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using 1,1 -thiocarbonyldiimidazole. This reaction provided in good yield the expected 3-thioxo intermediate

17 in one step Subsequent methylation led to the 3-methylsulfanyl-substituted compound 18 (Scheme 1).
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The 3-methylsulfanyl-substituted derivatives 15, 16 and 18 were treated with an excess of
methylamine or dimethylamine to give the corresponding 3-methylamino or 3-dimethylamino compounds
(Scheme 2). However, milder reaction conditions were required for 16 and 18, as a probable result of an

increasing reactivity of these 2- or 4-methyl intermediates compared to the non methylated compound.

CH,

e AN

| il | | |
N | _N or N N NH,CH3 / NH(CH3)2 1t06
5 : —— -
AN AN O
o’ le) (¢] [e)
15R=H i8
16 R = CH;

Scheme 2: action of methylamine and dimethylamine on the 3-methylsulfanyl-substituted intermediates.

The higher reactivity of 16 and 18 may be explained by the higher electrophilicity of the carbon atom in the

3-position bearing the methylsulfanyl leaving group compared to that of compound 15, since no

an excess of the amine.

The C=N double bond position in the thiadiazine ring of the benzothiadiazinedioxides and of 3-alkylpyrido
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data™ as well as by MO-calculations®. In order to determine the most probable tautomeric form adopted by

d UV. ®C NMR and X
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ray data obtained with the six selected compounds.

Thus, compounds 1 to 6 were submitted to an UV spectrophotometric analysis. Table 1 reports the

H CH
. | o tHa dih . R
6 s _No N 5 s N. N 5 s UNL N
= Y Y s <SR ra X7 R
7 I | 7 l I’ 7 '
NN s T X% 87 2 NcH
5 AN A 8 4N 3
O (0] (6 2 O 0
1-2 34 5.6
compounds  Apa (M) E€max A2 (nm) €
1 247 11530 314 940
2 250 13800 314 1970
3 252 10040 - -
4 257 11480 - -

271 13680 290 13980
278 10070 303 14900

N

In each series of molecules (the non-methylated compounds 1 and 2, the 4-methylated compounds 3 and 4

and the 2-methylated compounds 5§ and 6), no significative differences were noted between the absorption

4

bathochromic effect coupled with the appearance of a second maxima for compounds !
(2H-tautomers only). The second absoption maxima (314 nm) of derivatives 1 and 2 could probably due to
the presence of a small amount of the 2H-tautomeric form in solution. These results clearly indicated that 3-
alkylamino-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxides such as 1 and 2 preferentially exist in ethanolic
solution in the tautomeric 4#H-form with the C=N doubie bond iocated at the 2,3-positions.

Off-decoupling *C NMR spectra of compounds 1 to 6 were recorded in DMSO-d;s on a 400 MHz apparatus.
The peak assignment reported in Table 2 was deduced from known 1,2,4-benzothiadiazine 1,1-dioxides Be
NMR data” and from the expected shieiding effects of substitutents on the pyridine ring’.

As mentioned hereabove for the UV analysis, there were no significant differences (except for the C-3 carbon

atom) between the chemical shifts of the 3-methylamino and the 3-dimethylamino derivatives in each series of
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(4H-tautomers only) and 1-2 than for compounds 5 and 6 (2H-tautomers only).
Table 2 : ’C NMR chemical shift (5) values (DMSO-d;) in ppm.
H CH3 CH, CH—; CH;3
! s . N4 ]\IJ 9
(\r Y ~: (\r \r ~r s Kﬁl'/ Y ~r
70 S
N , N
/ D S
\/> 5 v , \} \/"\,S\ 2 cn,
o1 % o 1Yo o1 o
1-2 3-4 5-6

comp. C-3 C-4a C-5 C-6 C-8 C-8a

i 1509 1423 110.8 1446 1517 1189
2 - - 1119 1438 1509 1199
3 153.0 1447 1106 1439 1523 121.1
4 1571 1462 1128 1436 1525 1212
5 1526 150.6 1188 1425 1529 1212
6 156.0 151.2 119.2 1435 1535 1212

The deshielding observed for the C-4a and the C-5 carbon atoms in compounds 5 and 6 could be due to the
decrease of the +E electromer effect and to the increase of the —I inductive effect of the nitrogen in the 4-
position.
deduced from UV determinations in ethanolic solution ie., compounds 1 and 2, devoid of a methyl

substituent on the nitrogen atoms of the thiadiazine ring, appeared to exist predominantly as the 4H-

Concerning the 'H NMR, the interpretation of these data appeared to be difficult for the
determination of the preferential tautomeric form.

Tha ﬂqv salantad anmnannd
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the bond lengths in the different thiadiazine rings. The results are presented in Table 3. Derivatives 1 and §
are found in the crystal under two different conformations, called A and B. The spatial orientation taken by
the hydrogen atom and by the methyl group both in the 3-position was different for 1A and 1B. For
compounds SA and 5B, like for 1A and 1B, a clear difference between the bond lengths of the thiadiazine
ring was noted. The compounds which are methylated in the 2-position (5 and 6) appear to be non planar
molecules. Such an observation is probably due to the steric bulk of the methyl group close to the the
sulfonyl moiety.

The bond lengths of the thiadiazine ring presented in Table 3 are of particular interest for determining the

preferential tautomeric form adopted by the 3-alkylamino-pyridothiadiazine 1,1-dioxides in the solid state.
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The double bond of the thiadiazine ring of 2-methyl-substituted compounds 5 and 6 seems to be
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N(4) bond length is shorter than that of N(2)-C(3) and C(3)-N(9).

Tabie 3: crystailographic data: bond lengths of the thiadiazine ring (A).
H CH, CH; CH,4 CH,4
B 4 'H

32 87 "% g7 ~"8%8s ~ST 2 TCH
3 A 3 7N g VA 3
o0 0o oo
1-2 34 5-6

Comp. S(1)-N(2) N(@2)C(3) C@G3)-N@#) C(3)-N® N(@2)-C(10) NM#)-C(10) N(4)-C(4a)

1A 1.581 1.321 1.363 1317 - - 1.377
1B 1.574 1312 1.366 1.328 - - 1.378
2 1.574 1.322 1.366 1.332 - - 1.383
3 1.572 1.307 1.388 1.323 - 1.471 1.392
4 1.597 1.318 1.383 1.350 - 1.477 1391
5A 1.662 1.403 1.300 1.337 1.472 - 1.376
SB 1.654 1.400 1313 1.333 1.477 - 1.356
6 1.639 1.426 1.301 1.337 1.480 - 1.379

For the 4-methyl-substituted derivatives 3 and 4, the bond length between the nitrogen atom in the 2-position
and the carbon atom in the 3-position is theoretically regarded as a double bond. Indeed, these compounds

are expected to exist only under the 4H-tautomeric form. Lastly, concerning structure 1 and 2, which are

L% on <2y, Lcture allll &, il 4l

~TY

devoid of a methyl substituent on the thiadiazine ring, it clearly appeared that the 2/-conformation is not the
most favourable tautomeric form adopted by these molecules. Indeed, bond lengths of 1 and 2 are more

tightly related to those of 3 and 4 than those of 5§ and 6. Moreover, the S(1)-N(2) bond appeared to be

1311 P T L

ionger in compounds 5 and 6 than in the other compounds. This fact couid be due to the impossibility of an
electronic conjugation between the 7 electrons of the N(2)-C(3) and S=O double bonds. Examination of the
and C bond lengths also indicated that, in all cases, except for 1A, N(2)-C(3) was slightly
shorter than C(3)-N(9). Moreover, the hydrogen atom of the thiadiazine n'ng was found to be located on the
nitrogen in the 4-position. So, 3-alkylaminopyrido[4,3-e]-1,2,4-thiadiazine 1,1-dioxides, devoid of a methyl
substituent on the thiadiazine ring nitrogens, seemed to exist preferably as their 4H-tautomer with the double
bond located between the 2, 3-positions. However, the short C(3)-N(9) bond length seemed to indicate that
there is a probable delocalisation of the thiadiazine 7 electrons on the exocyclic aminoalkyl side chain. These
results were also confirmed by cristallographic studies with 3-amino- and 3-isopropylamino-4H-pyrido[4,3-

e]-1,2,4-thiadiazine 1,1-dioxides® *
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Conclusion

In order to determine the preferential tautomeric form adapted by 3-

, we synthesised six representative molecules of the different possible
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tautomeric conformations. By means of UV, “C NMR and X-ray studies, structural informations were
collected from the six molecules. It was concluded that 3-a1kylamino-pyddo[4,3~e]-1,2,4-thiadiazine I,1-

linantly exist as a 4H-

e Dl

dioxides, devoid of an alkyl substituent in the 2- or 4-position, appear to predo

v oo

tautomer. However, a possible delocalization of the doubie bond = electrons on the C(3)-N(9) bond shouid

on
not be excluded. Since the knowledge of the preferential conformation adopted by pharmacologically active

molecules such as pyﬁdothiadiazinic PCOs is of great importance for predicting optimal drug-receptor
interactions, this work may help the establishment of the pharmacophoric modei responsibie for Karp channei
activation.

Melting points were determined on a Buichi-Tottoli capillary apparatus and are uncorrected. IR spectra were

N T 1 Cnien ara faloar
recorded as KBr peliets on a Perkin-Elmer 1 T-spectrophotometer. The 'H NMR spectra were taken

on a Bruker AW-80 (80 MHz) and on a Bruker AM-400 (400 MHz) in DMSO-ds. The *C NMR were
recorded on a Bruker AM-400 (400 MHz) in DMSO-d;s. Chemical shifts are reported in & units (ppm) with

| PP,
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rimvipd as e interm tangara | me aoorc atons s—=smgict, a=a 1, I mump:cl anu D"Ur()du

are used throughout. Elemental analyses were carried out on a Carlo-Erba EA 11008-elemental analyser.

UV absorption were measured on a Hitachi ~2000 spectrophotometer. All the reactions were routinely

Al 11 =1 A P2
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methanol-water solution of compounds 1-6

ER Y/ of4,3-¢ > A _phindianizng 1 1_diowids 185
3-Methylsulfanyl-4H-pyridof4,3-e]-1,2,4-thiadiazine 1, 1-dioxide 15

obtained as described in the literature'® (86 %), mp 242-245 °C.
3-Methylamino-4H-pyrido{4,3-e]-1,2,4-thiadiazine 1,1-dioxide 1 : methylsulfanylAH-pyndo[4,3

40 % (6 mL). The mixture was heated in a hermetically closed autoclave at 150°C for 2 hours. After

cooling, the solvent and the excess of the amine were removed by distillation under reduced pressure and the

res;d“e Was dicanlvad in water (10 ml ) The enlution wae admcted to HH 6 \'Mifh fnﬂpjv acid_ The
24 YWaD UIDDOUIVLAL I VWWalwi | IV LiXkv). AV OVIMUVIL TGS Gujuiive vV P Y Av W

precipitate obtained was collected by filtration, washed with water and dried (60 %), mp > 320 °C; anal.
caled. For C/HsN4O,S: C 39.62, H 3.80, N 26.40, S 15.11; found: C 39.84, H 3.92, N 26.58, S 15.15; IR

Y 2984 N4
Vmax J407, JLUT,

7.2 (bs, 2H, 3NH-CH; + 5-H), 8.55 (d, 1H, Jax= 5.6 Hz, 6-H), 8.8 (s, 1H, 8-

1181 cm™;'H NMR § (400 MHz) 2.8 (s 3H, 3-NH-CH3)

LR A S K )
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3-Dimethylamino-4H-pyrido[4,3-e]-1,2,4-thiadiazine 1,1-dioxide 2 : The title compound was obtained as

described for 1 using

CsHioN(O,S: C 42.47, H 4.46, N 24.76, S 14.17; found: C 42.49, H 4.58, N 24.82, S 14.21; IR Vyuax 3312,
1618, 1602, 1583, 1507, 1277, 1154 cm™; "H NMR & (400 MHz) 3.15 (s

e
z
(@)
;T
w
W
W
w
(9% ]
ool
w
F4

{‘HA\ TA4(d TH T. . =8ASH> SN 288 4d 1 VT..=&8 &) L&\ QN /e 11T Q 1NAQ ha 1017 A
NAE3f, 1.9\, 111, JAX RS N 3 SEHAJy OS2 My 1K1, JAX JVL 114 VURLL ), ©.0V (D, 111, O-I1}, 1V.7 (UDd, 111, 94~
NH).

4-Methyl-3-methylsulfanyl-4H-pyridof4,3-e/-1,2,4-thiadiazine 1, |-dioxide 16 : The title compound was
obtained as described in the literature® (78 %), mp 208-210 °C.

4-Methyl-3-methylamino-4H-pyrido[4,3-e]-1,2,4-thiadiazine 1, 1-dioxide 3 : 4-methyl-3-methylsulfanyl-4H-
pyrido[4,3-e}-1,2 4-thiadiazine 1,1-dioxide 16 (0.1 g, 0.44 mmol) was dissolved in an aqueous solution of

mﬁhvlam:nft 40 % (1 mL). The mixture was heated at 60 °C for 30 min. After cooling

£
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excess of the amine were eliminated under reduced pressure and the residue was triturated in water (3 mL).
The resulting precipitate was collected by filtration, washed with water and dried (75 %), mp 300-303 °C;
anal. calcd. For CsHoN4O,S: C 42.47, H4.46, N 24.76, S 14.17; found: C 42.02, H 4.66, N 24.45, S 14.04;

TR Vmax 3354, 1599, 1652, 1278, 1159 cm™; 'H NMR & (400 MHz) 2.85 (s, 3H, 3-NH-CH>), 3.45 (s, 3H, 4-
N-CHs), 7.45 (d, 1H, Jax= 5.6 Hz , 5-H), 8.0 (bs, 1H, 9-NH-CH;), 8.70 (d, 1H, Jax= 5.6 Hz, 6-H), 8.85 (s,
1H, 8-H).

3-Dimethyiamino-4-methyi-4H-pyridof4,3-e [-1,2,4-thiadiazine I, I-dioxide 4 :@ The title compound was
obtained as described for 3 using an aqueous solution of dimethylamine 40 % (61 %), mp 197-199 °C; anal.
calced. For CoH2N;0,S: C 44.99, H 5.03, N 23.32, S 13.34; found: C 4442, H 5.22, N 2290, S 13.29; IR

-~ -~ < T, ler arn ary

Veax 1595, 1564, 1541, 1493, 1299, 1175 cm™; 'H NMR 6 (400 MHz) 3.0 (s, 6H, 3-N-(CH;),), 3.60 (s,
4-N-CH>), 7.50 (d, 1H, Jax= 5.6 Hz, 5-H), 8.80 (d, 1H, Jax= 5.6 Hz, 6-H), 8.85 (s, 1H, 8-H).
-Methyl—3—thioxo—3 4-dihydro-2H-pyrido[4, 3-¢]-1,2,4-thiadiazine 1, I-dioxide 17 : Obtained as described in

nnnnnn

the literature'’ (86 %), mp 195-198 °C.
2-Methyl-3-methylsulfanyl-2H-pyrido{4,3-e]-1,2,4-thiadiazine 1, 1-dioxide 18: 2-Methyl-3-thioxo-3,4-
dihydro-2H-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxide 17 (0.1 g, 0.44 mol) was dissolved in dry acetonitrile
(2 mL) and suppiementied with anhydrous potassium carbonate (0.1 g) and methyl iodide (0.1 mL). The
mixture was stirred during 30 min. at room temperature. The solution was supplemented with water (20 mL)

and adjusted to pH 7 with formic acid. The precipitate obtained was collected by filtration, washed with

190 oM . cnld oo M IT AT M0 A0 IT 272 N 17197 € NL 14
=13V L, dallal. Caill. roi \_/81'191V3U202 L2797, 11 2.19, 1IN LT LT, O 40,00,

[ 3]

found: C 39.51, H3.79, N 17.15, S 26.19; IR vmax 1586, 1542, 1521, 1322, 1184 cm™'; 'H NMR 5 (80 MHz)
2.75 (s, 3H, 4-S-CHs), 3.40 (s, 3H, 2-N-CHz), 7.35 (d, 1H, Jax= 6.0 Hz , 5-H), 8.75 (d, 1H, Jax=6.0 Hz ,
6-H), 8.95 (s, 1H, 8-H).

2-Methyl-3-methylamino-2H-pyrido(4, 3-e]-1,2, 4-thiadiazine 1, 1-dioxide § : 2-methyl-3-methylsulfanyl-2H-
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pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxide 18 (0.1 g, 0.44 mmol) was dissolved in an aqueous solution of

methvlamine 40 % (1 mL). The mixture was

methyl The mixture was

solvent and the excess of the amine were removed by distillation under reduced pressure and the oily residue
ing pr

C 4236, H 450, N 24.71, S 14.10; IR vme 3226, 1612, 1554, 1533, 1326, 1166 cm"; ‘H NMR § (400
MHz) 2.95 (s, 3H, 3-NH-CHs), 3.35 (bs, 3H, 2-N-CH), 7.15 (d, 1H, Jax = 5.68 Hz, 5-H), 7.9 (bs, 1H,
3NH-CHjy), 8.55 (d, 1H, Jax= 5.62 Hz , 6-H), 8.80 (s, 1H, 8-

)

7).
3-Dimethylamino-2-methyl-2H-pyrido[4,3-e]- 1,2, 4-thiadiazine 1,1-dioxide 6 : 2-methyl-3-methylsulfanyl-
2H-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxide 18 (0.1 g, 0.44 mmol) was dissolved in an aqueous solution

of dimethylamine 40 % (1 mL) The mixture was

ure stirred at r

room temperature for 3 hours. After cooline

temperature for 3 hours. After cooling,
the solvent and the excess of the amine were removed by distillation under reduced pressure and the oily
residue was triturated with water (3 mL). The resulting precipitate was collected by filtration, washed with
water and dried (75 %), mp 252-255 °C; anal. calcd. For CoH;2N,40,S: C 44.99, H 5.03, N 23.32, S 13.34,

~ ¥ o

found: C 44.95, H 5.08, N 23.63, S 13.35; IR vpax 1610, 1559, 8
3.0 (s, 3H, 3-N-CH:), 3.2 (d, 6H, 3-N-CH; + 2-N- CH3), 7.20 (d, 1H, Jax= 5.7 Hz, 5-H),

5.65 Hz, 6-H), 8.80 (s, 1H, 8-H).

1527, 1311, 1186 cm™; 'H

Crystal structure of compound 1: Crystals are colouriess prisms. Lattice constants were refined by ieasi-
square from 44 reflexions in the range 25.8<0<32.3°. Crystal data —C;HsN,0,S, M= 212.23; monoclinic,
a=8.9369(9), b=15.4668(19), c=12.9679(8) A, B=97.811(5)°; V=1775.9(3)A%, Z=8, D.=1.588 Mg m™; Cu
Ko radiation, A=1.5418 A, p=3.110 mm™. Space group ¥ 2,/c. Intensity data were collected at 293(2) K on
a Stoe-Siemens AED single-crystal diffractometer in the range 4.47°<0<57.49° using Ni-filtered Cu Ka
radiation (o scan). 2435 independent reflections were measured and were all included in the crystal analysis.
Two reflexions, measured every 60 min. to monitor crystal decomposition and instrument linearity, showed
no sigificant variation. Intensities were collected for Lorentz, polarization and extinction effects, and for
absorption (by semi-empiric method). The dimension of the crystal were 0.38, 0.27, 0.08 mm. The
maximum and the minimum transmission factors were 0.7890 and 0.3844 respectively. Structure analysis
and refinement — The structure was solved by direct method by use of the SHELXS97 programz’ and refined

on F? by SHELXL 97** with cycles of full-matrix anisotropic least-s

Vii X FYies: My Naway i Aie

constrained standard positions) up to wR’=0.0872 for ail data, R=0.0398

I>20(1); calculated weight w=1/[c*(Fo>)+ (0.0587 P)” + 0.0 P] where P=[max (F,’) + 2F.’J)/3. Goodness of
fit on F?, 0.913. Extinction coefficient: 0.0027(3). Largest difference peak and hole, 0.222 and -0.250 e A*
25

respectively. Atomic scattering factors from internationai tabies for X-ray cristaiiography™.

Crystal structure of compound 2: Crystals are colourless prisms. Lattice constants were refined by least-
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square from 40 reflexions in the range 28.8<0<41.7°. Crystal data —CgH;0N,0,S, M= 226.26; monoclinic,

Z=8. D.=1.577 Mg m>: Cu

i » cT A.s 7 AVag L,

c=13.523(2) A, B=122 089(8)°; V=1905 71<)A3

_______ 1PV

Ka radiation, A=1.5418 A, u=2.937 mm™. Space group C2/c. Intensity data were collected as before in the
range 5.37°<9<57.38°. 1301 independent reflections were measured and were all included in the crystal

<1Q The imencinn of the orvetal wa
AT, WA LRIW  WE J PLEAL LAAYI Y]

transmission factors were 0.3452 and 0.2674 respectively. Structure analysis and refinement — The structure
was solved as before up to wR=0.1111 for all data, R=0.0390 for 1073 reflexions having I>20(I);

ntts am ot aead ae afimad b lanos

turo nf o, nond 2 Oructale a snlanrlage nes ' T 1tna Annoctandés zaea
AD QLU VUIVULIUDD PLIDIND.  LAluivy LULRDLALILD Wl Teiiiea Uy Ivadsi-

T Yo Ser uciure vy wlliulluutlu . 1 yDlal

square from 37 reflexions in the range 32.1<0<39.6°. Crystal data —CsH;oN4O,S, M= 226.26; monoclinic,
a=8.4475(13), b=12.2890(10), c=9.4612(8) A, $=98.945(10)°; V=970.23(19)A%, Z=4, D,=1.549 Mg m>; Cu
Ka radiation, A=15418 A, u=2.884 mm". Space group P2, /a. Intensity data were collected as before in
the range 4.73°<8<57.53°. 1325 independent reflections were measured and were all included in the crystal
analysis. The dimension of the crystal were 0.42, 0.30, 0.11 mm. The maximum and the minimum
transmission factors were 0.7421 and 0.3772 respectively. Structure analysis and refinement — The structure
was solved as before up to wR?=0.1098 for all data, R=0.0443 for 929 reflexions having I>20(1); calculated
weight w=1/[c*(Fs2)+ (0.0881 P)> + 0.0 P] where P=[max (F,°) + 2F.’1)/3. Goodness of fit on F*, 0.958.
Extinction coefficient: 0.026(2). Largest difference peak and hole, 0.329 and —0.327 e.A>, respectively.
Atomic scattering factors from international tables for X-ray cristallography®.

Crystal structure of compound 4. Crystals are colourless prisms. Lattice constants were refined by least-
square from 24 reflexions in the range 36.9<0<41.9°. Crystal data —CsH12N4O,S, M= 240.29; monoclinic,
a=8.1928(4), b=11.8133(11), c=11. 1788(12) A, B=103.462(4)°; V=1052.2(16)A’; Z=4, D;=1.517 Mg m*

ion A=15418 A p=2.694 mm-. S ity data were collected as before

1, o n y /
WBPAVT paVup 2 L] S AR L3 . VR VivAae QS UNaAVE S

in the range 5.53°<0<57.55°. 1434 independent reflections were measured and were all included in the
crystal analysis. The dimension of the crystal were 0.76, 0.65, 0.53 mm. The maximum and the minimum
transmission factors were 0.3293 and 0.2339 respectively. Structure analysis and refinement — The structure
was solved as before up to wR?=0.1082 for all data, R=0.0407 for 1330 reflexions having I>2c(I); calculated
weight w=1/[c*(Fo>)+ (0.0692 P)’ + 0.53 P] where P=[max (F,’) + 2F.’J]/3. Goodness of fit on F, 1.067.
Extinction coefficient: 0.0051(3). Largest difference peak and hole, 0.264 and —0.364 e A, respectively.
Atomic scattering factors from international tables for X-ray cristallography®’ .

Crystal structure of compound 5: Crystals are colourless prisms. Lattice constants were refined by least-
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square from 41 reflexions in the range 37.6<0<46.9°. Crystal data —CsH;(N,O,S, M= 226.26;

orthothombic, a=14.4147(13), b=15.433(7), c=17.9869(13) A, B=90°, V=40015(19)A%, Z=16, D~1502
Mg m™; Cu Ko radiation, A=1.5418 A, u=2.797 mm". Space group Pcab. Intensity data were collected as

before in the range 4.86°<0<57.50°. 2717 independent reflections were measured and were all included in

the crvetal analveic The dimencion of the orvctal were 0 57
. W WAILIIWiIOAVWIL Vi vidw vl]ﬂ‘:“l . V.o

N4 0720 mm The mawvirmum and
V.V, V.47 1iliil, i 1w RENGRNREAERAEAL GARINA L

£

minimum transmission factors were 0.4976 and 0.2985 respectively. Structure analysis and refinement — The

structure was solved as before up to wR?=0.1049 for all data, R—0.0393 for 1838 reflexions having I>20(I);

F%, 0.934. Extinction coefficient: 0.00209(15). Largest difference peak and hole, 0.253 and —0.212 e A”
respectively. Atomic scattering factors from international tables for X-ray cristallography®.

fructure of ntlmnlvunf] 6 ' Jnfn‘n are on
Cear© Uy LlmmgiUnrnic 9. Llyosians aiv LU

6 reflexions in the range 35.3<0<41.6°. Crystal data -CoH;2N40,S, M= 240.29; mo
=16.5098(9), c=9.2834(5) A, p=96.764(5)°; V=1078.61(11)A’; Z=4, D.~1.480 Mg m™; Cu

9

~

(=
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oA
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o W

the range 5.36°<0<57.49°. 1479 independent reflections were measured and were all included in the crystal

analysis. The dimension of the crystal were 0.68, 0.49, 0.42 mm. The maximum and the minimum

was solved as before up to wR’=0.1040 for all data, R=0.0388 for 1338 reflexions having I>20(l);
ulated weight w=1/[c”(Fs’)+ (0.0596 P)’ + 0.70 P] where P=[max (Fo’) + 2F.’J}/3. Goodness of fit on

Tt iV LA o7 B
Y r 4 Aox 1 A L1 ‘n

F-, 1.038. Extinciion coefficient: 0.134(5 ). Largest difference peak and hole, 0.237 and —0.302 e A™,

respectively. Atomic scattering factors from international tables for X-ray cristallography™.
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