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Fig. 2. A Newmann projection of the molecule, down C(5)-C(6). 

relationship between C (3 ) -0 (3)  and C (4)-C (5) bonds 
is antiperiplanar. Therefore, the stereoelectronic 
requirements are met and the fragmentation reaction 
should occur with a relatively low activation energy. 
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Nucleic Acid Binding Drugs. XVII. Structures of 4-Substituted Analogues of the 
Antitumour Drug Amsaerine 
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Abstraet. 4'- (9-Oxo-4-acridinyl)methanesulfonanilide 
monohydrate (I), C2oHI6N203S.H2 O, M r = 382, mono- 
clinic, P2~./c, a - - 7 . 3 7 3 ( 1 ) ,  b = 1 1 . 2 6 6 ( 4 ) ,  c - -  
20.925 (3) A, t =  94.59 (2) °, V =  1732.5 A 3, Z = 4, 
Dx= 1.466 g c m  -3, 2(Cu Ka) = 1.54178 A, /a = 
18.76 cm -I, F(000) = 800, T =  293 K, R = 0.078 for 
1238 observed reflections. 4'-(9-Amino-4-acridinyl)- 
methanesulfonanilide hydrochloride (II), C20HIsN30 2- 
S+.C1 -, Mr = 399-4, monoclinic, P21/c , a = 10.437 (2), 
b =  16.092 (3), c =  10.866 (1)A, t =  91.28 (2) ° , V 
= 1824.5 A 3, Z = 4, D x = 1.456 g c m  -3, /].(Cu Ka) = 
1.54178 A, g = 30.99 cm -1, F(000) = 832, T =  293 K, 

* Address correspondence to this author. 

0108-2701/87/101992-04501.50 

R = 0.047 for 1501 observed reflections. The acridone 
and acridine rings in (I) and (II) are highly planar, The 
methanesulfonanilide substituent groups are oriented in 
a similar manner in both structures, although the 
methanesulfonanide groups adopt different orientations 
with respect to the phenyl ring. 

Introduetion. A large number of acridines substituted at 
the 9 position have been synthesized and evaluated for 
antitumour activity (Baguley, Denny, Atwell & Cain, 
1981; Denny, Cain, Atwell, Hansch, Panthananickal & 
Leo, 1982). The compound 4'-(9-acridinylamino)-3'- 
methoxymethanesulfonanilide (ansacrine) has outstand- 
ing experimental in vivo activity in the series, and is 
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currently being examined for clinical efficacy. The 
present publication reports aspects of the effect of 
systematic variation of the position of the aromatic- 
group substitution; synthetic, biological-activity, DNA- 
binding and computer-modelling (Abraham, Cutbush, 
Kuroda, Neidle, Acheson & Taylor, 1985) studies are 
being reported elsewhere. 

Experimental. (I) Crystallized from dioxane:methoxy- 
ethanol as pale-yellow prisms. Crystal 0.05 × 0.15 x 
0.10 mm mounted on a glass fibre. Cell dimensions 
from 250 values measured on a CAD-4 diffractometer. 
Ni-filtered Cu Ka radiation. Intensity data collected 
with 09-20 scan technique and max. scan time of 90 s 
per reflection, 1.5 < 0 <  65.0°;  0 < h < 7, 0 < k < 11, 
- 2 2  < l _< 22. Three reflections monitored every 250 
measured reflections; no significant decay. Absorption 
ignored. 2166 unique reflections: 1238 with I > 2o(1). 
Structure determined by direct methods (MULTAN82; 
Main et al., 1982) and refined by full-matrix least 
squares on F. H atoms kept fixed during refinement. 
Final R = 0.078, wR = 0.084, w = 1/[tr2(F) + 
0.04(FZ)], max. A/tr = 0.02, - 0 . 4  < p < 0.5 e A -3. 

(II) Yellow prismatic crystals from ethanol solution. 
Crystal of dimensions 0-05 x 0.13 x 0.55 mm used. 
Experimental conditions as above. Data collection with 
120s max. time for scan, 1 - 5 < 0 < 6 5 . 0 ° ;  -12_< 
h _< 12, 0 < k < 18, 0 < l _< 12. 3093 unique reflections 
with 1501 having I > 2o(1). R -- 0.047, wR = 0.049, 
max. A/tr = 0.01, - 0 . 4  < p < 0.3 e A -3. Atomic scat- 
tering factors from International Tables for X-ray 
Crystallography (1974). Calculations performed with 
the SDP package (Frenz, 1980) on a VAX 11/750 
computer. 

Discussion. Atomic positions and equivalent isotropic 
thermal parameters for (I) and (II) are given in Table 
1.* Their molecular structures are shown in Figs. 1 and 
2, and bond geometry is given in Tables 2 and 3. These 
show that the overall conformations are very similar, 
except for the methanesulfonamide group, which is 
known to be able to adopt a wide range of con- 
formations (Abraham et al., 1985; Karle, Cysyk & 
Karle, 1980). Thus, the torsion angle C ( 1 6 ) - C ( 1 5 ) -  
N(15)--S(1) that specifies the orientation of this group 
with respect to the phenyl ring is - 4 7 . 6  (6) ° in (I) and 
5.0 (3) ° in (II). This flexibility has been noted pre- 
viously in the crystal structures of amsacrine and its 
salts (Abraham et al., 1985; Hall, S w a n n &  Waters, 
1974; Karle et al., 1980). The conformations of the two 
molecules in terms of the relation between the phenyl 

* Tables of anisotropic thermal parameters, H-atom positions, 
and structure factors have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
44095 (28 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Table 1. Fractional coordinates and average thermal 
parameters 

E.s .d . ' s  a re  in p a r e n t h e s e s .  

x y z B*(A 2) 
(i) 
S(1) -0.0585 (4) -0-1658 (2) 1.2723 (1) 2.99 (5) 
O(1) -0.013 (1) -0-1749 (7) 1.3390 (3) 3.8 (2) 
OW(I) 0.620 0.458 0.237 5.7 
0(2) 0.073 (I) -0.1981 (7) 1.2284 (4) 4.3 (2) 
0(9) -0.355 (1) 0.5011 (7) 0.8643 (3) 4.2 (2) 
N(10) -0.238 (1) 0.3734 (7) 1.0449 (4) 2.3 (2) 
N(15) -0 .116(1)  -0.0261 (7) 1.2585(4) 3.0(2) 
C(1) -0-249 (I) 0-666 (I) 0.9649 (5) 3.7 (3) 
C(2) -0.193 (2) 0.736 (11 1.0153 (6) 3.8 (3) 
C(31 -0.149 (2) 0.688 (11 1.0750 (5) 3.7 (3) 
C(4A) -0.224 (11 0.4945 (9) 1-0346 (5) 2.5 (2) 
C(4) -0-164 (I) 0.569 (I) 1.0862 (5) 3.1 (2) 
C(5) -0 .296(1)  0.1718(91 1.0107(4) 2.1 (2) 
C(5A) -0-290(1)  0-2949 (9) 0.9962 (4) 2.1 (2) 
C(6) -0.344 (1) 0-0962 (9) 0.9602 (5) 2.9 (2) 
C(7) -0.384 (2) 0-136 (11 0-8973 (5) 3.4 (3) 
C(8) -0.379 (2) 0.255 (11 0.8841 (5) 3.5 (3) 
C(8A) -0.332 (I) 0.337 (1) 0.88345 (4) 2-4 (2) 
C(9A) -0.267 (I) 0.542 (11 0.9734 (5) 2.6 (2) 
C(q) -0 .320 (I) 0.464 (1) 0.9197 (4) 2.9 (2) 
c(121 -0.250 (~) 0.~227 (81 ~.0758141 2.3 (2) 
C(13) -0.351 (1) 0.1452 (9) 1.1273 (5) 3.1 (2) 
C(14) -0.309(1) 0-0931 (9) 1.1867(5) 2.8(2) 
C(15) -0.157 (l) 0.203(8) 1.967 (4) 2.2(2) 
C(16) -0 .054(1)  0.001 (1) 1.1469(5) 3.1 (2) 
C(17) -0.096 (I) 0.0506 (9) 1-0881 (4) 2.9 (2) 
c(~81 -0.25~ (2) -0.25~ (i) ~.2532 (7) 5.3 (3) 
(II) 
CI 0.5099 (11 0.60295 (9) 0.7107 (I) 4.20 (3) 
S(I) 0.6107(I) 0.14461 (9) 0.2520(I) 2.39(2) 
O(I) 0-6478 (3) 0-2075 (2) 0.3387 (3) 3.37 (8) 
0(2) 0.7099 (3) 0.0942 (3) 0-1988 (3) 3.67 (8) 
N(9) -0-2095 (4) 0.1340(3) 0.9441 (4) 3.1 (11 
N(10) 0-1486(31 0. I041 (3) 0.7972(3) 2.32(8) 
N(15) 0.5167 (4) 0.0797 (3) 0.3172 (4) 2-43 (9) 
C(I) 0.0094 (5) 0-1046 (3) 1.1060(4) 2.8 (11 
C(21 0.1138(51 0-0822(4) 1.1765(5) 3.2(11 
C(3) 0.2296 (5) 0-0656 (4) I. 1195 (5) 3.2 (I) 
C(4A) 0.1346 (4) 0.0954 (3) 0-9218 (4) 2.0 (I) 
C(4) 0.2418 (4) 0.0721 (3) 0.9957 (5) 2.5 (1) 
C(5A) 0.0478(4) 0.1267(3) 0.7206(4) 2-1 (I) 
C(51 0.694 (5) 0.1373 (3) 0.5935 (4) 2-2 (11 
C(6) -0.0349(5) 0.1615(3) 0.5195(4) 3.0(11 
C(7) -0.1575(5)  0.1712(31 0.5671 (5) 3-0(I)  
C(81 -0.1780(4) 0.1590(3) 0.6881 (4) 2.6(11 
C(8A) -0.0750 (4) 0.1378 (3) 0.7678 (4) 2.09 (9) 
C(9A) 0.0162 (4) 0.1276 (3) 0.9763 (4) 2-2 (I) 
C(91 -0-0838 (4) 0-1276 (3) 0.8973 (4) 2. I (1) 
C(12) 0.1963 (4) 0.1240 (3) 0.5343 (4) 2.3 (1) 
C(13) 0.2417 (5) 0.0446 (3) 0-5151 (5) 2.6 (1) 
C(14) 0.3492 (4) 0.0315 (3) 0.4447 (4) 2. I (I) 
C(151 0-4125 (4) 0-0984 (3) 0.3931 (4) 2-0 (I) 
C(16) 0.3705 (5) 0.1784 (3) 0.4150 (5) 2-4 (I) 
C(171 0.2624 (5) 0-1907 (3) 0.4841 (5) 2-5 (1) 
C(18) 0.5239 (5) 0.1925 (4) 0.1312 (5) 3.2 (I) 

* B = ~ ( B .  + B22 + B33). 

ring and the acridone (in I) or acridine (in II) 
chromophore are very similar. The C ( 5 A ) - C ( 5 ) -  
C(12)-C(13)  torsion angles differ by 9 ° (Table 4), 
which represents only a small energy difference in terms 
of the barrier to rotation about the C(5)-C(12)  sp2-sp 2 
bond linking the two aromatic ring systems. The fact 
that in neither structure is the phenyl ring oriented 
precisely orthogonal to the acridine chromophore, 
suggests that the low-energy flexibility to the phenyl 
ring position would tend to increase further its effective 
van der Waals volume and thus diminish the nucleic 
acid intercalative ability of the acridine portion of these 
molecules. 
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Table 2. Bond lengths (A) and angles (o)for non-H 

S(I)-O(I) 
S(I)-O(2) 
S(1)--N(15) 
S(1)-C(18) 
C(!)-C(2) 
C(I)-C(9A) 
C(2)--C(3) 
C(3)--C(4) 
C(4)-C(4A) 
C(4A)-C(9A) 
C (4A)--N(10) 
C(5)-C(5A) 
C(5)-C(6) 
C(5)-C(12) 
C(5A)-C(5) 

o( i ) - -s ( i ) -o (2 )  
O(1)---S(I)--N(I5) 
O(l)-S(l)--C(18) 
O(2)-S(I)--N(15) 
0(2)--S(1)--C(18) 
N(15)-S(1)-C(18) 
C(4A)-N(10)-C(5A) 
S(l)-N(15)-C(15) 
C(2)-C(I)-C(9A) 
C(I)-C(2)-C(3) 
C(2)-C(3)-C(4) 
N(10)-C(4A)--C(4) 
N(10)--C(4A)-C(9A) 
C(4)-C(4A)-C(9A) 
C(3)-C(4)-C(4A) 
C(5A)--C(5)-C(6) 
C(5A)-C(5)-C(12) 
C(6)-C(5)-C(12) 
C(5)-C(5A)-N(10) 
C(SA)--C(5A)--C(5) 
C(8A)-C(5A)-N(10) 
C(5)-C(6)-C(7) 

atoms in (I) 

E.s.d.'s are in parentheses. 

1.414 (4) C(5A)-C(8A) 1-388 (8) 
1.435 (5) C(5A)--N(10) 1-382 (7) 
1-649 (5) C(6)--C(7) 1-,100 (9) 
1.736 (8) C(7)---C(8) 1.368 (10) 
1.354 (10) C(8)--C(8A) 1.424 (9) 
1.423 (10) C(8A)-C(9) 1.461 (9) 
1.375 (10) C(9)--O(9) 1-241 (7) 
1.369 (10) C(9)-C(9A) 1-457 (9) 
1.412 (9) C(12)-C(13) 1.385 (9) 
1.400 (8) C(12)-C(17) 1.402 (9) 
1.386 (8) C(13)-C(14) 1.387 (9) 
1-420 (9) C(14)-C(15) 1.387 (9) 
1.382 (9) C(15)-C(16) 1.357 (9) 
1-483 (8) C(16)-C(17) 1.367 (9) 
1-414 

119-6 (3) C(6)-C(7)-C(8) 119.8 (6) 
106.3 (3) C(7)-C(8)-C(8A) 119.7 (6) 
108.2 (4) C(5A)--C(8A)-C(8) 119.2 (6) 
108.0 (3) C(5A)-C(8A)-C(9) 121.4 (6) 
107-2 (4) C(8)-C(8A)-C(9) 119.4 (5) 
107-1 (4) O(9)-C(9)-C(8A) 121.3 (6) 
122-4 (5) O(9)-C(9)-C(9A) 122.6 (6) 
123.3 (4) C(8A)-C(9)-C(9A) 116.2 (5) 
120-1 (6) C(1)-C(9A)-C(4A) 118.2 (6) 
121.0 (7) C(1)-C(9A)--C(9) 121.4 (6) 
121-5 (7) C(4A)-C(9A)--C(9) 120.3 (6) 
119.4 (6) C(5)-C(12)-C(13) 123.3 (6) 
120.1 (6) C(5)-C(12)-C(17) 120-4 (6) 
120.5 (6) C(13)-C(12)-C(17) 116.3 (6) 
i 18.6 (7) C(12)-C(13)--C(14) 121.5 (6) 
116.6 (6) C(13)-C(14)-C(15) 120.5 (6) 
123-5 (5) N(15)-C(15)-C(14) 118.1 (6) 
119.8 (6) N(15)-C(15)-C(16) 123.7 (6) 
I18.6 (5) C(14)-C(15)-C(16) 118.1 (6) 
121.8 (6) C(15)-C(16)--C(17) 121.9 (6) 
119.6 (5) C(12)-C(17)-C(16) 121.6 (6) 
122.8 (6) 

Table 3. Bond lengths (A) and angles (o)for non-H 
atoms in (II) 

E.s.d.'s are in parentheses. 

S(l)-O(l) 1.430 (3) C(5A)--C(8A) 1.403 (5) 
S(1)-O(2) 1.445 (3) C(5)-C(6) 1.394 (6) 
S(i)---N(15) 1.608 (4) C(5)-C(12) 1.491 (6) 
S(I)--C(18) 1.757 (5) C(6)-C(7) 1.400 (6) 
N(9)--C(9) 1-325 (5) C(7)---C(8) 1-351 (6) 
N(10)--H(10) 1.3276 (5) C(8)--C(8A) 1.407 (6) 
N(15)--C(15) 1.411 (5) C(8A)--C(9) 1.435 (6) 
C(1)--C(2) 1-366 (7) C(9A)-C(9) 1.446 (6) 
C(1)---C(9A) 1.416 (6) C(12)-C(13) 1.384 (6) 
C(2)---C(3) 1.397 (7) C(12)--C(17) 1.400 (6) 
C(3)-C(4) 1.358 (6) C(13)---C(14) 1.387 (6) 
C(4A)-C(4) 1-413 (6) C(14)-C(15) 1.389 (6) 
C(4A)---C(9A) 1.401 (5) C(15)--C(16) 1.382 (6) 
C(5A)-C(5) 1.414 (6) C(16)-C(17) 1.383 (6) 

O(1)-S(!)-C(2) 118.4 (2) C(6)-C(7)-C(8) 120-6 (5) 
O(i)---S(I)---N(15) 109. I (2) C(7)--C(8)---C(8A) 120-0 (4) 
O(l)---S(l)-C(18) 108.0 (3) C(SA)---C(5A)--C(8) 119.8 (4) 
O(2)--S(1)-N(15) 105.2 (2) C(5A)--C(8A)-C(9) 119.3 (4) 
0(2)--S(1)--0(18) 108.1 (3) C(8)-C(8A)--C(9) 120.0 (4) 
N(15)---S(I)---C(I 8) 107.7 (3) C(I)-C(9A)-C(4A) 118.4 (4) 
C(4A)-N(10)-C(5A). 121.8 (4) C(I)-C(9A)-C(9) 123.1 (4) 
S(1)-N(15)---C(15) 127-2 (4) C(4A)-C(9A)-O(9) 118.5 (4) 
C(2)---C(1)---C(9A) 121.1 (4) N(9)-C(9)-C(SA) 120.8 (4) 
C(1)-C(2)-C(3) 119.3 (5) N(9)---C(9)--C(9A) 120.4 (4) 
C(2)-C(3)-C(4) 121.7 (5) C(8A)--O(9)--C(9A) 118-7 (4) 
N(10)-C(4A)-C(4) 119-2 (4) C(5)-C(12)-C(13) 120.8 (4) 
N(10)-C(4A)-C(9A) 120.9 (4) C(5)-C(12)-C(17) 120.8 (4) 
C(4)-C(4A)-C(9A) 119.9 (4) C(13)--C(12)-C(17) 118.0 (4) 
C(3)--C(4)-C(4A) 119-6 (5) C(12)-C(13)-C(14) 120.9 (5) 
N(10)-C(5A)---C(5) 119.1 (4) C(13)--C(14)--C(15) 120.1 (5) 
N(10)-.C(5A)--C(8A) 120.3 (4) N(15)-C(15)-C(14) 116.8 (4) 
C(5)-C(5A)--C(8A) 120.6 (4) N(15)-C(15)-C(16) 123.4 (4) 
C(5A)--C(5)-C(6) 117.2 (4) C(14)-C(15)-C(16) 119.8 (4) 
C(5A)-C(5)-C(12) 124.4 (4) C(15)-C(16)-C(17) 119.6 (5) 
C(6)-C(5)-C(12) 118.4 (4) C(12)-C(17)-C(16) 121.5 (5) 
C (5)---O(6)---C(7) 121.8 (4) 

The acridone and acridine ring systems in (I) and (II) 
are both highly coplanar, as has been observed in 
other acridine crystal structures, such as that of  
9-aminoacridine (Talacki, Carrell & Glusker, 1974) 

C9 

C8 
09 

C1 
C6 

C2 

Q C ~  - 

(a) 

(b) 

Fig. 1. Computer-drawn representations of the molecular structure 
of compound (I): (a) projected onto the mean plane of the 
chromophore, (b) shown at 90 ° to the view in (a). 

C ~  " 

• 

ol ~ oi 
(a) 

(b) 

Fig. 2. C o m p u t e r - d r a w n  views o f  the cation in the structure o f  
c o m p o u n d  (lI), with views as in Fig.  1. 
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Table 4. Selected torsion angles (o), with e.s.d.'s in 
parentheses 

(I) (II) 
C(5A)-C(5)-C(12)-C(13) 65.5 (9) 74.5 (6) 
C(14)-C(15)-N(15)-S(I) 135.4 (7) 183.6 (4) 
C(15)-N(15)-S(I)-C(18) -69.5 (7) -72.2 (4) 

and 3,6-diaminoacridine (Jones & Neidle, 1975). The 
acridine bonding geometry in (I) is as expected, subtly 
different from that of a normal acridine, with dif- 
ferences in bond lengths being most apparent in the 
central ring. These differences, though not large, do 
indicate that the carbonyl group at C(9) has reduced 
the delocalization in the ring. The ring nitrogen atom 
N(10) is sp2-hybridized as in normal acridines. Its low 
pK,, excludes it from being protonated, which would not 
in any case be feasible in structural terms as ring 
buckling would necessarily be produced. Thus, the 
single H atom attached to N(10) in (I) does not carry a 
positive charge, in contrast to that in (II), which exists 
as a salt. 
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Structure of Neoandrographolide Monohydrate 
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Abstract. [ (1R)-( 1 a,4afl,58,8aa)]-3-(2- { 5-[ (fl-D-Gluco- 
pyranosyloxy)methyl]decahydro-5,8a-dimethyl-2- 
methylene-1-naphthalenyl }ethyl)-2(5H)-furanone mono- 
hydrate, C26H40Os.H20, Mr=498.62,  monoclinic, P2 I, 
a = 7 . 3 7 7 ( 3 ) ,  b = 6 . 2 3 5 ( 9 ) ,  c = 2 8 . 5 6 9 ( 8 )  A, f l=  
95.73 (3) °, V =  1307 (2) A 3, Z = 2, D x =  
1.266 g cm -3, 2(Mo Ka) = 0.71073 A, /.t -- 0.9 cm -~, 
F(000) = 540, T =  294 K, R = 0.0537 for 1697 ob- 
served reflections with I > 2tr(I). The crystal structure 
consists of two-dimensional hydrogen-bonded layers, 
involving the fl-D-glucopyranose moiety and the water 
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molecule of crystallization, separated by layers con- 
sisting of a stacking of the neoandrographolide-aglu- 
con moieties with no short intermolecular contacts. 

Introduction. Within the framework of our immuno- 
pharmacognostic studies we isolated a sugar-bound 
diterpenoid from herb material of Andrographis pani- 
culata. Since this constituent showed significant inhibi- 
tory action on both pathways of human complement in 
vitro it was decided to study its molecular structure. 
The compound was identified as neoandrographolide. 
Among other diterpenoids from Andrographis panicu- 
lata that are being used against bacillary dysentery in 
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