
RICCARDO DESTRO AND RAFFAELLA SOAVE 1385 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: NA1145). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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agent. The crystal structure determinations show that the 
4H- (rather than the 2H-) tautomeric form is preferen- 
tially adopted by these pyridothiadiazine derivatives in 
the solid state, as has also been found for diazoxide 
and other 1,2,4-thiadiazine 1,1-dioxide analogues. The 
tert-butyl moiety in (II) is slightly disordered. 

Comment 
3-Amino-4H-pyrido[4,3-e]- 1,2,4-thiadiazine 1,1-dioxide 
monohydrate, (I), is a heterocyclic compound for 
which the synthesis and the biological evaluation on 
insulin-secreting cells in comparison with diazoxide [7- 
chloro-3-methyl-2H(or 4H)- 1,2,4-benzothiadiazine 1,1- 
dioxide] has recently been reported (Pirotte et al., 
1993). In the crystalline state, the thiadiazine and 
water molecules are linked by the hydrogen bonds 
N4---H4.. .03 [N4. . .03 2.676 (3), H4 . . .03  1.69 (2) ,~., 
N4---H4.. .03 165 (1)°], N i l - - H i l l . . . 0 2  i [N i l . . .O2  i 
3.100(3), H l l l . - . O 2  i 2.39(2)A, N l l m H l l l . . . O 2  i 
134(1)°], N l l - - H l l 2 . . . O 1  ii [Nl l . . .O1 ii 2.959(3), 
Hl12.--O1 ii 2.13 (2)A, N l l - - H l l 2 . . . O 1  ii 162(2)°], 
O3--H31. . .O2 iii [ 0 3 ' '  "O2 iii 2.841 (4), H31.. .O2 iii 
1.87 (3) A, O3--H31. . .O2 iii 172 (1) °] and O3--H32. • • 
N8 iv [03. . .N8 iv 2.730 (3), H32.. .N8 iv 1.76 (2) A, 0 3 - -  
H32...N8 iv 180(1) ° ] [symmetry codes: (i) ½-x ,  

l + y ,  -z;  (ii) -x ,  -y ,  -z;  (iii) 1 - x ,  -y ,  -z;  
(iv) 3 - x , - l + y ,  l - z ] .  
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3-tert-Butyl-4H-pyrido[4,3-e]- 1,2,4-thiadiazine 1,1- 
dioxide, (II), was also investigated in order to compare 
its molecular structure with that of diazoxide. An arti- 
cle describing the preparation and the synthesis of the 
product, and the biological evaluation, is in prepara- 
tion (Pirotte et al., 1995). The molecules are linked by 
the hydrogen bond N4---H4.- .O1 i [N4.-.O1 i 2.981 (4), 
H4...O1 i 2.08 (2) A, N4--H4. • .O1 i 156 (1)°; symme- 

1 _ 1  _ try code: (i) i - x ,  +y, 1 z]. 

O ~ ~O 

(II) 

Abstract 
The title compounds, C6H6N402S.H20, (I), and C10HI3- 
N302S, (II), were prepared for structural and pharmaco- 
logical comparison with diazoxide, an antihypertensive 

In both crystal structures the N2---C3 and N4 C3 
bond lengths, the location of the H atom on N4 rather 
than on N2, and the hydrogen-bonding schemes indi- 
cate that the 4H- form is favoured in the solid state. 
The same conclusion has been drawn for diazoxide 
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(Bando l i  & Nico l in i ,  1977) and  for  s o m e  o ther  thia- 
d iaz ine  der iva t ives ,  for  e x a m p l e  3 - m e t h y l - 4 H - p y f i d o -  
[4,3-e]-  1 ,2 ,4- th iadiaz ine  1 ,1-d ioxide  m o n o h y d r a t e ,  (III) 
(Dupont ,  de  Tul l io ,  Pirot te ,  M a s e r e e l  & Dela rge ,  1995). 
T h e  p r e s e n c e  o f  the  3 -amino  g roup  in (I) ins tead o f  the 

3-tert-butyl group  in (II) or  the 3 - m e t h y l  g roup  in (HI) 
resul ts  in a l e n g t h e n i n g  o f  the N2- - -C3  bond.  

Monoclinic 
P21/a 
a = 7.487 (2)/~ 
b = 15.470 (7)/~ 
c = 8.131 (7)/~, 
/3 = 109.55 (3) ° 
V = 887.5 (9) A 3 
Z = 4  
Dx = 1.618 Mg m -3 

~ 6  ~N4 1 Nll 

Fig 1. Molecular structure of (I) with the atom-labelling scheme. 
Displacement ellipsoids are shown at the 50% probability level; 
H atoms are drawn as small circles of arbitrary radii. 

Fig 2. Molecular structure of (ID with the atom-labelling scheme. 
Displacement ellipsoids are shown at the 50% probability level; H 
atoms are drawn as small circles of arbitrary radii. 

Experimental 

Compounds (I) and (II) were synthesized as described by 
Pirotte et al. (1993, 1995) at the Laboratory of Medicinal 
Chemistry, Liege. Crystals of (I) were obtained by slow 
evaporation of a water-methanol solution (75/25% by volume) 
at room temperature. Crystals of (II) were grown by slow 
evaporation of a methanol solution at room temperature. 

Compound (I) 

Crystal data 

C6H6N402S.H20 Cu Ka radiation 
Mr = 216.22 )~ = 1.5418/~, 

Data collection 
Stoe Siemens AED four- 

circle diffractometer 
03 SCanS 
Absorption correction: 

scan 
Tmin = 0.5820, Tm~x = 
0.7014 

1219 measured reflections 
1219 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.0342 
wR(F 2) = 0.1002 
S = 1.173 
1219 reflections 
130 parameters 
H atoms were constrained 

and included as riding 
atoms, except for the 4H- 
atom and water H atoms, 
which were kept fixed 

w = l/[trV(F 2) + (0.0686P) 2 
+ 0.1258P] 

where P = (Fo 2 + 2F2)/3 

Compound (II) 
Crystal data 

CIoHI3N302S 
Mr = 239.29 
Monoclinic 
P21/a 
a = 9.802 (9) /~ 
b = 11.682 (9)/~ 
c = 10.384 (16)/~, 
/3 = 108.00 (10) ° 
V = 1130.9 (23)/~3 
Z = 4  
Dx = 1.405 Mg m -3 

Data collection 
Stoe Siemens AED four- 

circle diffractometer 
to SCanS 
Absorption correction: 

~b SCan 
Train = 0.3774, Tmax = 
0.6191 

1566 measured reflections 
1566 independent reflections 

Cell parameters from 21 
reflections 

0 = 18.55-34.66 ° 
# = 3.208 mm-1 
T = 293 (2) K 
Prism 
0.38 × 0.11 × 0.08 mm 
Colourless 

964 observed reflections 
[I > 2tr(/)] 

0m~x = 59.19 ° 
h = 0 - - ~  8 
k = 0 ---~ 16 
l = - 9  ---~ 8 
2 standard reflections 

frequency: 60 min 
intensity decay: 2.6% 

(A/tr)ma,, < 0.001 
Apm~x = 0.179 e / ~ - 3  
Apmin = -0 .260  e / ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0104 (11) 

Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Cu Ka radiation 
A = 1.5418 A 
Cell parameters from 24 

reflections 
0 = 24.47-39.93 ° 
/.t = 2.477 mm-1 
T = 293 (2) K 
Prism 
0.38 x 0.38 × 0.15 mm 
Colourless 

1388 observed reflections 
[ !  > 2 , r (~ ]  

Omax = 59.08 ° 
h = 0 ---~ 10 
k = 0  ---, 12 
l = - 1 1  ~ 10 
2 standard reflections 

frequency: 60 min 
intensity decay: 3.5% 
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Refinement 

R e f i n e m e n t  on F 2 
R[F 2 > 2o'(F2)] = 0 .0443 
wR(F 2) = 0.1276 

S = 1.160 
1566 ref lect ions 
151 paramete r s  
H a toms  were  cons t ra ined  

and  inc luded  as r iding 
a toms ,  excep t  for  the 4H-  
a tom,  wh ich  was  kep t  
f ixed 

w = 1/[cr2(F 2)  + (0 .0785P)  2 

+ 0 .6684P]  
where  P = (F  2 + 2F2) /3  

(/~/O')max ( 0.001 
mpmax -- 0 .348 e / ~ - 3  
Apmi,  = - 0 . 3 7 9  e ,~-3  
Ex t inc t ion  correct ion:  

SHELXL93 (Sheldr ick ,  
1993) 

Ex t inc t ion  coeff icient :  
0.0151 (13) 

A t o m i c  scat ter ing factors  
f rom International Tables 
for Crystallography (1992,  
Vol. C, Tables  4.2.6.8 and  
6.1.1.4) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Ueq = ( 1 / 3 ) ~ i ~ j U i j a ~ a ;  ai.aj. 

x y z Ueq 
(I) 
SI 0.24943 (9) 0.12782 (4) 0.16130 (9) 0.0456 (3) 
N2 0.2255 (3) 0.04719 (13) 0.0360 (3) 0.0490 (6) 
C3 0.3235 (4) -0.0248 (2) 0.0870 (3) 0.0420 (6) 
N4 0.4828 (3) -0.03139 (12 )  0.2284 (3) 0.0447 (6) 
C5 0.5669 (3) 0.0382 (2) 0.3308 (3) 0.0405 (6) 
C6 0.7434 (4) 0.0300 (2) 0.4585 (3) 0.0491 (7) 
C7 0.8217 (4) 0.1002 (2) 0.5587 (4) 0.0543 (7) 
N8 0.7384 (3) 0.1786 (2) 0.5387 (3) 0.0587 (7) 
C9 0.5699 (4) 0.1862 (2) 0.4157 (4) 0.0524 (7) 
CI0 0.4773 (4) 0.1181 (2) 0.3118 (3) 0.0425 (6) 
Nil 0.2716 (3) -0.09588 (14) -0.0086 (3) 0.0537 (6) 
O1 0.1171 (3) 0.12294 (12 )  0.2549 (2) 0.0559 (6) 
02 0.2377 (3) 0.20555 (12 )  0.0616 (3) 0.0625 (6) 
03 0.6519 (4) -0.18460 (15 )  0.2380 (3) 0.0813 (8) 

(U) 
SI 0.03391 (7) 0.74648 (6) 0.47417 (7) 0.0379 (3) 
N2 0.1468 (2) 0.7118 (2) 0.6157 (2) 0.0425 (6) 
C3 0.2240 (3) 0.6198 (2) 0.6332 (3) 0.0360 (6) 
N4 0.2310 (2) 0.5483 (2) 0.5326 (2) 0.0422 (6) 
C5 0.1687 (3) 0.5710 (2) 0.3972 (3) 0.0370 (7) 
C6 0.1943 (3) 0.5007 (3) 0.2987 (3) 0.0505 (8) 
C7 0.1354 (3) 0.5315 (3) 0.1669 (3) 0.0569 (9) 
N8 0.0563 (3) 0.6251 (3) 0.1236 (2) 0.0582 (7) 
C9 0.0312 (3) 0.6893 (3) 0.2179 (3) 0.0504 (8) 
CI0 0.0818 (3) 0.6656 (2) 0.3552 (3) 0.0362 (7) 
CII 0.3170 (3) 0.5889 (2) 0.7748 (3) 0.0414 (7) 
C12 0.4725 (4) 0.5908 (5) 0.7787 (4) 0.099 (2) 
C13 0.2895 (6) 0.6703 (4) 0.8771 (4) 0.108 (2) 
C14 0.2787 (5) 0.4693 (4) 0.8082 (4) 0.0890 (14) 
Ol 0.0519 (2) 0.8658 (2) 0.4514 (2) 0.0516 (6) 
02 -0.1059 (2) 0.7128 (2) 0.4749 (2) 0.0527 (6) 

T a b l e  2. Selected geometric parameters ( /k,  °)  

S1----O2 
SI----O1 
S I--N2 
SI---CI0 
N2--C3 
C3---N 11 
C3---N4 
N4---C5 
C5----C6 
C5----C10 
C6----C7 
C7--N8 
N8----C9 

(I) (II) 
1.437 (2) 1.428 (2) 
1.440 (2) 1.434 (2) 
1.582 (2) 1.595 (3) 
1.742 (3) 1.731 (3) 
1.321 (3) 1.295 (4) 
1.328 (3) C3----C11 1.515 (4) 
1.355 (3) 1.356 (4) 
1.378 (3) 1.375 (4) 
1.387 (4) 1.393 (4) 
1.390 (3) 1.381 (4) 
1.366 (4) 1.359 (5) 
1.349 (4) 1.335 (4) 
1.327 (4) 1.316 (4) 

C9---C 10 1.383 (4) 1.385 (4) 
CI 1--C13 1.511 (5) 
C11---C12 1.513 (5) 
CI 1--C14 1.514 (5) 

O2--S 1---O1 114.80 (12) 115.84 (13) 
O2--S I--N2 108.92 (13) 108.6 (2) 
O1---SI--N2 110.46 (12) 108.25 (13) 
O2--S1----C10 109.24 (12) 108.99 (14) 
OI---SI---~10 108.03 (13) 109.79 (14) 
N2--SI---C10 104.92 (12) 104.8 (2) 
C3---N2--S 1 122.0 (2) 123.3 (2) 
N2---C3--N 11 119.4 (2) N2----C3--C 11 119.0 (2) 
N2---C3---N4 124.6 (2) 124.7 (2) 
N11--C3--N4 115.9 (2) C1 I---C3--N4 116.3 (2) 
C3----N4---C5 123.3 (2) 123.9 (2) 
N4----C5----C6 120.6 (2) 120.9 (3) 
N4----C5----C 10 121.5 (2) 120.8 (2) 
C6---C5----C10 117.9 (2) 118.3 (3) 
C7---C6---~5 119.0 (3) 117.8 (3) 
N8----C7---C6 123.7 (3) 125.3 (3) 
C9--N8----C7 117.1 (2) 116.0 (3) 
N8---C9----C 10 123.3 (3) 124.2 (3) 
C9----C10---C5 119.0 (3) 118.3 (3) 
C9----C10---S 1 122.4 (2) 122.4 (2) 
C5----C 1D---S 1 118.5 (2) 119.2 (2) 

C13----Cll---C12 111.7 (4) 
C 13----C 1 I---C14 108.0(3) 
C12---C11--C14 109.1 (3) 
CI 3---C11----C3 110.3 (3) 
C 12-----C 11----C3 108.8 (3) 
C 14----C 11----C3 108.9 (2) 

02- -s  1--N2----C3 142.1 (2) 98.4 (3) 
OI--S1--N2---C3 -90.9 (2) - 135.1 (2) 
C 10---S1--N2----C3 25.3 (2) - 18.0 (3) 
S 1--N2----C3---NI 1 166.3 (2) S I--N2---C3----C11 -173.9 (2) 
S 1--N2----C3---N4 - 17.2 (4) 7.5 (4) 
N2---C3---N4--C5 - 3.5 (4) 7.4 (4) 
Nll---C3---N4----C5 173.1 (2) Cll----C3---N4----C5 -171.2 (2) 
C3----N4---C5--C10 10.1 (4) --6.4 (4) 
N4---C5----C10---SI 2.9 (3) -7.7 (3) 
O2--S1----C10----C5 -134.9 (2) -98.3 (2) 
OI---S1----CI0--C5 99.5 (2) 133.9 (2) 
N2---SI--CI0----C5 --18.3 (2) 17.8 (2) 

The  va lues  o f  the aniso t ropic  d i sp l acemen t  pa ramete r s  o f  C12,  
C13 and  C14  [ c o m p o u n d  (II), see Fig. 2] s h o w  that  the tert- 
buty l  g roup  is s l ight ly  d isordered.  

For  both  c o m p o u n d s ,  da ta  col lec t ion:  DIF4 (Stoe & 
Cie,  1988a); cell  re f inement :  D1F4; data  reduct ion:  REDU4 
(Stoe & Cie,  1988b); p rogram(s)  used  to solve  s tructures:  
SHELXS86 (Sheldr ick ,  1985); p rogram(s)  used  to refine struc- 
tures: SHELXL93 (Sheldr ick ,  1993); mo lecu l a r  graphics:  OR- 
TEPII ( Johnson,  1976); so f tware  used  to prepare  mater ia l  for  
publ icat ion:  SHELXL93. 

T h e  a u t h o r s  t h a n k  M .  M .  V e r m e i r e  f o r  h i s  h e l p f u l  

a s s i s t a n c e  in  t h e  d i f f r a c t o m e t r y  m e a s u r e m e n t s  a n d  t h e  

F N R S  f o r  f i n a n c i a l  s u p p o r t .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AB1238). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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des Urotropins offensichtlich nicht mehr gewachsen. Die 
bisher fehlende Kristallstruktur des Molekiilkomplexes 
haben wir zur Vervollstandigung der Reihe ermittelt. 

I... /c.2 
" N  .. 

CH2. /CH2" 

CH 2 Ctt 2 

~ N  
i 

I 

I 
I 

, i  j l  

N ' "  

CH2 

Ur.3I 2 

Acta Cryst. (1995). C51, 1388-1390 

Urotropin-3-Diiod, Ur.312 

Die Lageparameter sind in Tabelle 1 und die 
wichtigeren geometrischen Gr6Ben in Tabelle 2 aufgelis- 
tet. Die Bezeichnung der Atome geht aus Fig. 1 hervor. 

KARL-FRmDRIOa TEBBE UND KLAUS NAGEL 

Institut fiir Anorganische Chemie, Universit~it zu K61n, 
Greinstrafle 6, D-50939 K6ln, Deutschland 

(Eingegangen am 3. November 1994; angenommen am 22. Dezember 
1994) 

Abstract 
The structure of 1,3,5,7-tetraazatricyclo[3.3.1.13,7]- 
decane tris(diiodine), C6H12N4.312, has been deter- 
mined. The high-symmetry compound belongs to the 
class of n-a* donor-acceptor complexes and shows the 
structural features of this group of compounds. 

Kommentar 
Bisher sind drei Molekiilkomplexe Ur.nI2 des Urotropins 
C6H12N4 mit Iod I2 fiir n = 1, 2, 3 beschrieben wor- 
den (Bowmaker & Knappstein, 1977), von denen die 
beiden iod~irmeren Ur.I2 und Ur.212 auch strukturell 
als Donor-Akzeptor-Komplexe vom Typ n-•r* charak- 
terisiert werden konnten (Pritzkow, 1975b) und der 
iod~irrnste zus~itzlich in ionischer Form (Ur2I)I3 als 
Triiodid des Bis(urotropin)iodonium-Kations auftreten 
kann (Bowmaker & Hannan, 1971; Pritzkow, 1975a). 
Durch Umsetzung von Urotropiniumiodid UrHI mit 
Iod 12 laBt sich dagegen ein salzartiges Urotropin- 
iumtriiodid UrHI3 gewinnen (Tebbe & Nagel, 1995). 
Bei Versuchen zur Darstellung iodreicherer Polyiodide 
des Urotropiniumions UrHI,, mit n > 3 durch Erh6hung 
des Iodangebots erhalten wir aUerdings iiberraschend 
den bisher iodreichsten Molekiilkomplex Ur.312. Einer 
dreifachen Koordination durch Iod ist die Protonierung 

~ I2 

~ ~ c 4  

Fig. 1. Struktur der Baugruppen mit thermischen Ellipsoiden (50% 
Wahrscheinlichkeit) und den Atombezeic.hnungen. Auf eine Darstel- 
lung der H-Atome wurde zugunsten der Ubersichtlichkeit verzichtet. 

Strukturell lassen sich s~.mtliche Iodaddukte des 
Urotropins durch eine lineare Anordnung von Donor- 
atom und Halogenmolektil charakterisieren, wobei 
das Halogenmolekiil in Richtung des freien Elektro- 
nenpaars des Donoratoms ausgerichtet ist. Wie er- 
wartet wird jeweils nach Kniipfung des kurzen Donor- 
Halogen-Abstands eine Streckung des Halogenmolekiils 
beobachtet. 

In dem hier vorgestellten Molekiilkomplex Ur.312 der 
Symmetrie 3 liegt diesen Merkmalen entsprechend eine 
ann~ihernd lineare Baueinheit N . . . I - - I  mit einseitig ko- 
ordiniertem Iodmolekiil vor. Die Bindungswinkel C - -  
N.-.I  an den Donor-N-Atomen bleiben wie bei den 
beiden Vergleichsstrukturen Ur.I2 und Ur.212 in der 
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