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S = 2.039 
3170 reflections 
388 parameters 
All H atoms refined 
w = I/tot'(F,,) 

+ O.O0016]F,,I 2] 

Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (,4, o) 

SI--C22 1.814 (4) 05--(724 
S I--C24 1.756 (3) N I--C23 
O4--C23 I. 198 (4) N 1 --(.'24 

C22--S 1~C24 93.6 (21 O4--C23--C22 
C23--N 14724 118.9 (3) N I--C23--C22 
S1~22--C21 113.3 (3) S1--C24--O5 
S I ~22----C23 105.8 (2) S1~24---N1 
O4--C23--N I 124.0 (3) O5---C24--N 1 

1.206 (4) 
1.362 (4) 
1.376 (4) 

124.3 (3) 
111.8 (3) 
125.2 (3) 
109.9 (2) 
124.9 (31 

Table  2. Hydrogen-bonding geometry (A, o) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
NI--H2...O1' 0.97 (3) 1.99 (3) 2.827 (4) 143 (3) 
©l--H1..-05" {).76 (4) 2.17 (4) 2.870 (4) 153 (5) 
Symmetry codes: (i) i + x,y, 1 + :: ( i i ) x -  l , y , z -  1. 

The structure was solved by direct methods using SIR92 
(Altomare et al., 1993) and was refined by least-squares 
procedures. All calculations were performed using TEXSAN 
software (Molecular Structure Corporation, 1995). 

Data collection: MSC/AFC Diffract©meter Control Soft- 
ware (Molecular Structure Corporation, 1994). Cell refine- 
ment: MSC/AFC Diffract©meter Control Software. Data reduc- 
tion: TEXSAN. Program(s) used to solve structure: SIR92. Pro- 
gram(s) used to refine structure: TEXSAN. Molecular graphics: 
TEXSAN. Software used to prepare material for publication: 
TEXSAN. 

The  authors  a c k n o w l e d g e  Drs A. Venka te swar lu  and 
K. Anj i  R e d d y  for  their  interest  and e n c o u r a g e m e n t  in 
this work .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DEI099). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

The  s t ructures  o f  two absorp t ion  f u r o s e m i d e  prodrugs ,  
h e x a n o y l o x y m e t h y l  4 -  c h l o r o - N -  fu r fu ry l -  5 - su l f amoy l -  

an thran i la te  (C19H23C1N207S), (I), and b e n z o y l o x y -  
me thy l  4 - ch lo ro  - N -  fur fury l  - 5 - su l f amoy lan th ran i l a t e  
(C2oH17CIN207S),  (II),  are desc r ibed  in this paper  and 
c o m p a r e d  wi th  f u r o s e m i d e  and four  o ther  prodrugs .  The  
m o l e c u l a r  c o n f o r m a t i o n s  o f  both  c o m p o u n d s  are s im- 
ilar to those  of  the o ther  p rodrugs ;  the pack ing  and 

the crystal  sys t em are the p r imary  d i f fe rences .  C o m -  
p o u n d  (I) c rys ta l l izes  in the t r igonal  space g roup  R3 
and c o m p o u n d  (II) in the m o n o c l i n i c  space g roup  P21/n. 
T h e  pack ing  of  both  s t ructures  is s tabi l ized by a three-  
d i m e n s i o n a l  h y d r o g e n - b o n d  ne twork .  

C o m m e n t  

The  absorpt ion  f u r o s e m i d e  p rodrugs  h e x a n o y l o x y -  
m e t h y l  4 - ch lo ro -N- fu r fu ry l -5 - su l f amoy lan th ran i l a t e ,  (I), 
and b e n z o y l o x y m e t h y l  4 - ch lo ro -N- fu r fu ry l -5 - su l f amoy l -  
an thrani la te ,  (II),  we re  syn thes i zed  and cha rac t e r i zed  
as a c y l o x y m e t h y l  esters  o f  f u ro semide  (Prandi ,  Fagi-  
olin©, Manta ,  L le ra  et al., 1992). The  therapeu t ic  act ivi ty  
of  these  p rodrugs  has been  s tudied (Prandi ,  Fag io l ino ,  
M a n t a  & Llera,  1992). 

_~ ~...~o . ~  
o = '~, ~ ° o - ,,N . 2 o ~ 

NH 2 O v O - . ~ ~  

O O 

(I) (II) 

Both  m o l e c u l e s  share  the or ig inal  f u ro semide  
[ (4 -ch lo ro -N- fu r fu ry l -5 - su l f amoy lan th ran i l i c  acid) ,  (III)] 
f r a m e w o r k ,  w h i c h  conta ins  a s i x - m e m b e r e d  a romat i c  
r ing  (a toms  C1 to C6)  wi th  the ca rboxy la t e  and a m i n e  
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414 CI9H23CIN2075 AND C2oH17CIN207S 

groups coplanar. There is an intramolecular hydrogen 
bond between H 1 and O 1 in both compounds, as in the 
other four previously studied prodrugs [acetyloxymethyl 
(IV) (Gonz~lez et  al . ,  1996); pivaloyloxymethyl (V), 
butyryloxymethyl (VI) and isobutyryloxymethyl (VII), 
esters of furosemide (Suescun et  al . ,  1998)] (see Tables 
2 and 4). 
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Fig. 1. ZORTEP (Zsolnai & Pritzkow, 1995) drawing o f  (I). 
Intramolecular hydrogen bonds are marked as dashed lines. 
Displacement ellipsoids are drawn at the 30% probability level for 
non-H atoms. Both positions of  the disordered group are repre- 
sented. H atoms belonging to this group are omitted for clarity. 

In both molecules the furan ring is planar. Its dihedral 
angle with the phenyl ring shows similar values in all the 
prodrugs and in furosemide. The rotational freedom of 
the N1----C8---C9 linkage, differences in the ester group 
of each prodrug and the different packing environments 
may explain the small variations in the observed values 
in (I) and (II) [61.0 (3) and 75.4 (3) °, respectively] with 
respect to the other compounds [68 ° in (III) (Lamotte et  
al . ,  1978), 67.6 (3) in (IV), 69.7 (2) in (V), 70.2 (3) in 
(VI) and 71.3 (3) ° in (VII)]. Bond distances and angles 
of common fragments of both compounds are equal, 
within experimental error, to those of (III), (IV), (V), 
(VI) and (VII). 

The final substituent of the ester group is an n- 
hexanoyl group in (I) and a benzoyl group in (II). These 
two groups are appreciably larger than the equivalent 
groups in the other prodrugs; this may explain the 
different packing arrangements. In both compounds 
the packing is directed by hydrogen bonds forming a 
fully three-dimensional network, while in the other four 
prodrugs, hydrogen bonds form only linear chains of 
translationally related molecules. 

Compound (I) crystallizes in trigonal space group R3. 
The other furosemide prodrugs studied crystallize in 
space groups of considerably lower symmetry. The n- 
hexanoyl group of (I) is disordered and was modelled by 
two equally probable positions with restrained distances 
and angles. Compound (II) crystallizes in the monoclinic 
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Fig. 2. ZORTEP drawing of  (II). The intramolecular hydrogen bond 
is marked as a dashed line. Displacement ellipsoids are drawn at 
the 50% probability level for non-H atoms. 
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s p a c e  g r o u p  P 2 1 / n  w i t h  the  r ig id  p h e n y l  r ing  o f  the  e s t e r  

m o i e t y  f o r m i n g  an  a n g l e  o f  7 4 . 4  (1)  ° w i t h  the  p h e n y l  

r ing  o f  the  f u r o s e m i d e  m o i e t y  and  7 7 . 9  (3)  ° w i t h  the  

f u r a n  r ing.  T h e r e  is an e x t r a  i n t r a m o l e c u l a r  h y d r o g e n  

b o n d  c o n n e c t i n g  N 2  and  CI in (I)  tha t  is n e i t h e r  p r e s e n t  

in (II)  n o r  has  b e e n  o b s e r v e d  in (III) ,  ( IV) ,  (V) ,  (VI )  o r  

(VII ) .  

Experimental  

Both compounds  were obtained as descr ibed previously  by 
Prandi, Fagiolino, Manta,  Llera et al. (1992) and crystalliza- 
tion was performed by vapour  diffusion (ethyl acetate/hexane) 
at room temperature.  

Compound (I) 
Crystal data 

C I g H 2 3 C 1 N 2 O T S  M o  K& radiation 
Mr = 458.90 A = 0.71069 ,~, 
T_rigonal Cell parameters  from 25 
R3 reflections 
a = 36.925 (4) ,& 0 = 10 .84-13 .50  ° 
c = 8 .256(2)  ,~, # = 0.316 mm -~ 
V = 9749 (3) ,&3 T = 273 (2) K 
Z = 18 Hexagonal  prism 
D~ = 1.407 Mg m -3 1.00 x 0.30 x 0.30 mm 
Dm not measured Yellow 

Data collection 

Rigaku AFC-7S  diffractom- 
eter 

0/20 scans 
Absorpt ion correction: 

scan (MSC/AFC 
Diffractometer Control 
Software; Molecular  
Structure Corporation,  
1993) 
Tmi, = 0.743, Tmax = 0.911 

5437 measured reflections 

4973 independent  reflections 
2995 reflections with 

I > 2o'(/) 
Rint = 0.028 
0m~x = 27.50 ° 
h = - 4 0  ~ 40 
k = 0 ---~ 47 
1 = 0 --, 10 
3 standard reflections 

every 150 reflections 
intensity decay: none 

Refinement 

Refinement  on F 2 
R[F 2 > 20.(F2)] = 0.056 
wR(F 2) = 0.199 
S = 1.039 
4973 reflections 
336 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

w = 1/[0.2(F, 2) + (0.1136P) 2 

+ 9 .3355P]  
where  P = ( F j  + 2F,?)/3 

(,/~/O')max = 0.001 
/~pmax = 0 .581  e ,&-3  

Apmin = - 0 . 5 2 0  e A, -3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

T a b l e  1. Selected geometric parameters  (fL ° ) f o r  (I) 
N I - - C 8  .462(4) C17--C18 1.520(5) 
C8~4,_'9 .477 (7) C I 8 ~ 1 9  1.522 (5) 
C14--C15 .473 (4) C 1 6 ' - - C I 7 '  1.529 (5) 
C I 5 - - C I 6  .501 (5) C I 7 ' - - C 1 8 '  1.522 (5) 
C I 5 ~ 1 6 '  .510(4) C I 8 ' - - C I 9 '  1.528(5) 
C 1 ~ 1 7  .535 (5) 

C 2 - - N 1 ~ 8  123.7 (3) 
N I - - - C 8 ~ 9  114.6 (4) 
O 5 - - C 9 ~ C 8  118.0 (4) 
O3--C 14--C_ 15 116.0 (5) 
C I 4 ~ 1 5 ~ 1 6  117.7 (6) 
C I 4 - - C 1 5 ~ 1 6 '  118.2 (5) 

C I ~ C 2 - - N  1--C8 
C2--N I - - C 8 ~ C 9  
N 1 ~ 8 - - C 9 - - O 5  
CI 3 - - O 3 - - C  14--C 15 
O 3 - - C I 4 ~ "  15~C16 
03---(_" 14--(  715---C 16' 
C I 4 ~ 1 5 - - - C I 6 - - C I 7  
C 15- - - -C16~  17~-C 18 
C I 6 - - C I 7 ~ 1 8 - - C 1 9  
C 14--C 15---C 16 ' - -CI  7' 
C I 5 ~ 1 6 ' - - C 1 7 ' - - C I 8 '  
CI6'--C17'--.C18'--CI9' 

C 1 5 ~ ' 1 6 - - C I 7  
CI 8---C17 ---C16 
C 17--C 18---C19 
C 1 5 - - C I 6 ' - - C 1 7 '  
C I 8 ' ~ 1 7 '  ---CI6' 
C I 7 ' - - C I 8 ' - - C I 9 '  

169.8 (4) 
87.4 (5) 
66.9 (5) 

177.6 (5) 
-3 .9(12)  
51.4 (13) 

- 175.4 (10) 
- 4 0  (2) 
- 6 5  (2) 

- 162.8 (11) 
- 158.3 (14) 

115 (2) 

I 13.8 (7) 
114.3 (7) 
I 13.5 (8) 
112.8 (6) 
113.1 (7) 
111.5 (7) 

T a b l e  2. Hydrogen-bonding geometry (fL ° ) f o r  (I) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
NI--HI. • .O1 0.82 (6) 2.07 (5) 2.680 (5) 131 (4) 
N2--H2A. - .C1 0.83 (51 2.77 (5) 3.297 (4) 123 (5) 
N2--H2A- • -06' 0.83 (5) 2.23 (5) 2.988 (6) 151 (5) 
N2--H2B. - -O1" 0.83 (5) 2.51 (5) 3.125 (61 132 (4) 
N2--H2B. • .O4 "i 0.83 (5) 2.47 (5) 3.129 (7) 137 (4) 

Symmetry codes: (i) -~ - y,x - y - ~, ~ + z; (ii) 1 - x , - y ,  1 - z; 
(iii) i - x , - y , - z .  

Compound (II)  

Crystal data 

C2oHITCIN2OTS 
M~ = 464.87 
Monocl inic  
P2I/n 
a = 7.836 (2) ,~ 
b = 17.605 (10) ,~ 
c = 15.4951 (18)A,  
,(3 = 94.026 (16) ° 
V = 2132.4 (13) ,~3 

Z = 4  
D~ = 1.448 Mg m -3 
O,,, not measured 

Mo Ko~ radiation 
A = 0.71070 A, 
Cell parameters  from 25 

reflections 
0 = 18.79-21.31 ° 
# = 0.322 n u n - l  

T = 293 (2) K 
Rhombohedra l  
0.8 x 0.4 x 0.4 mm 
Colourless  

Data collection 
Rigaku AFC-7S diffractom- 

eter 
0/20 scans 
Absorpt ion correction: 

~, scan (MSC/AFC 
Diffractometer Control 
Software; Molecular  
Structure Corporation,  
1993) 
Train = 0 . 7 8 3 ,  Tmax = 0 . 8 8 2  

6393 measured reflections 

4886 independent  reflections 
3298 reflections with 

I > 20-(/) 
Rim = 0 . 0 5 4  

0 .... = 27.49 ° 
h = 0 ---* 10 
k =  - 4  --, 22 
1 = - 2 0  ~ 20 
3 standard reflections 

every 150 reflections 
intensity decay:  none 

Refinement 

Refinement  on F 2 
R[F: > 20.(F2)1 = 0.063 
wR(F 2) = 0.216 
S =  1.041 
4886 reflections 
323 parameters  

2 w = 1/[o" (F,,) + (0 .1355P)  2 
+ 0.4781 P] 

where  P = (F,, 2 + 2/7,2)/3 

a(A/o')max = 0.000 
(A /O ' )max  < 0 . 0 0 1  
A p  .... = 0.680 e A, -3 
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H atoms treated by a 
mixture of independent 
and constrained refinement 

Table 3. Selected geometric 
N I--C8 1.456 (5) 
C 8 ~ 9  1.473 (7) 
CI4- -CI5  1.477 (5) 
C 15--(; 16 1.359 (7) 
C 15--C20 1.402 (7) 

C2--N I--C8 125.2 (3) 
N 1 - ~ 8 ~ ( _ ' 9  114.2 (3) 
O 5 - - C 9 ~ 8  117.3 (5) 
O3--C 14--C 15 111.5 (3) 
C 16---CI 5--C14 118.9 (4) 
C20--C 15---C 14 121.2 (4) 

CI ~ ' 2 - - N  1--C8 -174.5(31 
C2--N 1--C8~-(79 84.6 (5) 
N 1 ~ 8 - - C 9 ~ - O 5  57.7 (7~ 
C13--O3--C 1 ~ ' 1 5  -177.8(3) 
O3~C 14--C 15--C 16 167.8 (4) 

Apmi, = -0.603 e ~-3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

parameters (~t, ° ) f o r  (II) 
CI 6---C 17 1.416 (8) 
C 17--(" 18 1.39(I ( I I ) 
CI8-~C19 1.347 (10) 
C 19~720 1.391 (7) 

C15~CI6 - -CI7  120.7 (6) 
C 18---C 17--CI6 118.0 (6) 
C 19--C 1 8 ~  17 121.6 (6) 
CI 8~(_" 1 9 ~ ' 2 0  120.5 (6) 
C 19--C20---C 15 119.3 (6) 

O3---C 14--4215--C20 - 10.7 (5) 
CI4---C15--C16--CI 7 - 177.0 (4) 
C1(~4217~C 18--C19 - I . 2 (10)  
C 18---C 19~C20--C 15 -0 .4  (8) 

Table 4. Hydrogen-bonding geometry (,4, ° ) for  (II) 

D--H. • .A D--H H. • .A D. . .A D--H. • .A 
N I - - H I . . . O I  0.82(3) 2.01 (4) 2.689(4) 140(4) 
N I - - H I . . . 0 4 '  0.82 (3) 2.49 (4) 3.079 (5) 129 (3) 
N2--H2A. - .O1" 0.83 (3) 2.30 (4) 3.(X)4 (4) 143 (4) 
N2--H2A. • .04'" 0.83 (3) 2.51 (4) 3.105 (5) 129 (4) 
N2--H2B- • .06" 0.83 (4) 2.2(I (4) 3.(X)6 (4) 162 (4) 

Symmetry codes: ( i ) x -  1, y, z; (ii) ~+x, ½ - y ,  ~+z; ( i i i ) x -  ½, ½ - y ,  ½+z: 
(iv) - x ,  I - y, 2 - :.. 

A 1 mm collimator was used for both data collections. The 
structures were solved by direct methods, locating all non- 
H atoms, except those disordered in (I) which were located 
in difference Fourier maps. All atoms of the disordered 
group were refined with restrained bond distances, angles and 
displacement parameters to improve convergence. Occupancy 
of both positions of disordered groups was refined and 
converged to 0.5 within experimental error. The refinement 
was then concluded with this occupancy fixed at 0.5. The 
displacement parameters of furan ring atoms of (I) were 
restrained to reduce anisotropy to acceptable values. In 
compound (I), all H atoms, except those belonging to the 
disordered group and the furan ring, were located in difference 
Fourier maps and freely refined. The rest were calculated at 
geometrical positions and refined riding with Ui~o = 1.2U~q 
of the parent atom. In compound (II), H atoms belonging to 
C3, C6, C8, C13, C16, C20. NI and N2 were located in a 
difference Fourier map. Those belonging to C3, C6, C16, C20 
and N I were freely refined and the others were refined with 
restrained distances. Those belonging to CI0, CI 1, C12, C17, 
C18 and C19 were placed at calculated positions and refined 
riding on the atom to which they are bonded. All H-atom 
isotropic displacement parameters were fixed at U.~,, = 1.2Ueq 
of the parent atom. 

For both compounds, data collection: MSC/AFC Diffrac- 
tometer Control Software (Molecular Structure Corporation, 
1993); cell refinement: MSC/AFC Diffractometer Control 
Software; data reduction: MSC/AFC Diffractometer Control 
Software; program(s) used to solve structures: SHELXS97 
(Sheldrick, 1997a); program(s) used to refine structures: 
SHELXL97 (Sheldrick, 1997b); molecular graphics: ZORTEP 
(Zsolnai & Pritzkow, 1995); software used to prepare material 
for publication: PLATON (Spek, 1990). 

© 1999 International Union of Crystallography 
Printed in Great Britain - all rights reserved 
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Abstract  

In 3-methyl-2-oxa-6-azaspiro[4.5]decane- 1,7-dione, (1) 
(CgHI3NO3), and 3-methyl-2-oxa-6-azaspiro[4.6]undec- 
ane- l ,7-dione ,  (2) (CIoH15NO3), the lactone rings are 
in an envelope conformation. The lactam rings are in a 
distorted half-chair conformation in compound (1) and 
in a chair conformation in (2). Molecules  are joined 
through hydrogen bonds in both compounds.  
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