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dry benzene. The solution was stirred until the starting material 
disappeared, as determined by thin-layer chromatography. The 
crude product was purified by column chromatography using 
petroleum ether-benzene (9:1) and crystallized from petroleum 
ether-benzene (1:1) solution; m.p. 503 K. 

Crystal data 

C28H20N20 Cu K s  radiation 
Mr = 400.46 A = 1.5418 ,~ 
Orthorhombic Cell parameters from 25 
Pbca reflections 
a = 11 .188(4)A 0 = 10-25 ° 
b = 13.672 (9) ,~, # = 0.608 mm -~ 
c = 27.352 (2) A T = 293 (2) K 
V = 4183.8 (4) ,~3 Rectangular 
Z =  8 0.40 x 0.18 x 0.15 mm 
Dx = 1.272 Mg m -3 Yellow 
Dm not measured 

Data collection 

Euraf-Nonius CAD-4 
diffractometer 

wl20 scans 
Absorption correction: none 
3728 measured reflections 
3727 independent reflections 
2940 reflections with 

I > 2o-(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)1 = 0.059 
wR(F 2) -- 0.174 
S =  1.103 
3727 reflections 
360 parameters 
All H atoms refined 
w = l/[o.2(F 2) + (0.1001P) 2 

+ 0.7638P] 
where P = (F 2 + 2F2)/3 

0max -" 67 ° 
h = 0 ---~ 13 
k = 0 ---~ 16 
1 = 0 ---~ 32 
3 standard reflections 

every 100 reflections 
intensity decay: < 1.5% 

(A/o')max = -0 .005  
Apmax = 0.278 e ,~-3 
Apmin = -0 .155  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (,4, o) 
N1---CI6 1.278 (2) C1~C14 i.534 (3) 
NI--N2 1.378 (2) C1--C15 1.562 (3) 
N2---C23 1.398 (3) C2----C7 1.394 (3) 
N2---C! 1.490 (3) C7---C8 1.476 (3) 
O1---C8 1.216 (3) C8---C9 1.479 (3) 
CI----C2 1.515 (3) C9----C14 1.390 (3) 
CI6---N l--N2 109.6 (2) C2---C!---C15 109.6 (2) 
N1--N2--C23 118.6 (2) C14---CI--C 15 109.0 (2) 
N I--N2--CI 112.82 (15) C16---C15---Ci 102.7 (2) 
C23--N2--Ci 125.7 (2) N1--CI&--CI7 121.9 (2) 
N2---C !---C2 112.0(2) N I---C16---C 15 113.6(2) 
N2----C I-----4214 111.4 (2) C17---C16--C15 124.4 (2) 
C2---C1---C14 113.7 (2) C24---C23---N2 121.0 (2) 
N2--C1--C15 100.26 (15) N2--C23--C28 120.3 (2) 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). Cell 
refinement: CAD-4 Software. Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
ORTEP92 (Vickovic, 1994). Software used to prepare mate- 
rial for publication: SHELXL93 and PARST (Nardelli, 1983). 

SB thanks  the CSIR ,  India ,  for  f inancial  suppor t  in 
the fo rm  o f  a Sen io r  Resea rch  Fe l lowsh ip .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: AB 1463). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

In 2 , 6 - d i m e t h y l p h e n y l  4 -n i t ropheny l  sul fone,  C14H13- 
NO4S,  (I), 2 , 6 - d i m e t h y l p h e n y l  4 - m e t h y l p h e n y l  sul fone,  
CI5H1602S,  (II),  and 2 - m e t h y l p h e n y l  pheny l  sul fone,  
C !3HI202S ,  (III),  the S a toms  have  d is tor ted  te t rahedra l  
bond ing  geomet ry .  In each  c o m p o u n d ,  the pheny l  r ings 
are near ly  pe rpend icu l a r  to each  o ther  [d ihedra l  angles:  
80.0 (1) in (I), 89.6 (1) in (II) and  78.9 (1) ° in (III)]. 

Comment 

A n u m b e r  o f  d iaryl  sulfides,  su l fones  and su l foxides  
d isp lay  insect ic idal ,  ant ibacter ia l ,  ge rmic ida l ,  mic rob ia l  
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and other important biological activities (De Benedetti 
et al., 1985). In each of compounds (I), (II) and (HI), 
the phenyl tings are almost equidistant from the S 
atom [average C=,,,2--S 1.779 (3) A, range 1.768 (3)- 
1.791 (2)A], which agrees well with the literature 
(Tiwario et al., 1984). The mean S:=O distance is 
1.439A. In all cases, the S atom is at the centre 
of a distorted tetrahedron. In all three structures, the 
phenyl-ring geometry is normal and the phenyl rings 
are nearly perpendicular to each other. Dihedral angles 
are given in Table 4. In many diphenyl sulfones (Sime 
& Woodhouse, 1974), the dihedral angles between the 
aromatic rings and the C--S---C plane are near 90 °. 
In this study, it was found that the presence of the nitro 
group in compound (I) and the presence of the p-methyl 
substituent in (II) result in variations of these angles 
from 90 ° (Table 4). This phenomenon may be related to 
the electron-withdrawing nature of the nitro group in (I) 
and the slight electron-donating nature of the p-methyl 
substituent in (II). The deviation of the S atom from the 
plane of phenyl ring C 1'-C6'  is evidence for the lack of 
conjugation with the ring (Sime & Woodhouse, 1974). 

% 1%o o I ~ s  f 

(1) (II) 

(III) 

C4 

c5 

C7 

Ol C2 

C3' 

~c8C6 " ~  O2 ~ 4  , 

C5' C7' 

Fig. 2. The molecular structure of (II), with 50% probability displace- 
ment ellipsoids for non-H atoms (H atoms omitted). 

C3' 
- ~  C'2' C7 • Ol .. 

C4' " " 

S .C2 
C5 

C6 ~ C 4  

C5 
Fig. 3. The molecular structure of 0ID, with 50% probability 

displacement ellipsoids for non-H atoms (H atoms omitted). 

In compound (I), the nitro group has the O==N:=O 
structure, which can be confirmed by comparison with 
data in the literature (Gzella et al., 1989). This nitro 
group is nearly coplanar with the phenyl ring to which 
it is attached [dihedral angle 169 (1)° ]. 

, . 03 

C3' 

O1 C 2 ~  

C 3 ~ , ~  - ~  S / / t ~  A~  04 

C4 ~ C 6  02 

C5 
- \  C 8  

Fig. 1. The molecular structure of (I), with 50% probability displace- 
ment ellipsoids for non-H atoms (H atoms omitted). 

Experimental 

Compounds (I), (II) and (III) were prepared by the oxida- 
tion of the corresponding sulfides or sulfoxides with an excess 
of hydrogen peroxide in acetic acid (Chandrasekaran, 1991). 
Single crystals were obtained from ethanol by slow evapora- 
tion. 

Compound (I) 
Crystal data 

C~4HI3NO4S Cu Ko~ radiation 
Mr = 291.31 A = 1.54178 ,~, 
Monoclinic Cell parameters from 21 
P21/n reflections 
a = 11.598 (1)A 0 = 15-30 ° 
b = 10.959 (1) ]k # = 2.2 mm -~ 
c = 12.148 (1) A T = 293 (2) K 
/3 = 117.41 (1) ° Tabular 
V = 1370.7 ( 2 ) k  s 0.45 × 0.40 × 0.30 mm 
Z = 4 White 
Dx = 1.412 Mg m -3 
Dm not measured 



632  C I 4 H I 3 N O 4 S ,  C I 5 H 1 6 0 2 S  A N D  C13H1202S 

Data collection 
Enraf -Nonius  CAD-4  

diffractometer  
to/20 scans 

Absorption correction: 
refined f rom A F  
(DIFABS; Walker & 
Stuart, 1983) 
Train = 0.325, Tma~ = 0.513 

2349 measured reflections 
1788 independent  reflections 

Refinement 

Refinement  on F z 
R[F z > 20.(F2)] = 0.037 
wR(F 2) = 0.113 
S = 0.613 
1788 reflections 
234 parameters  
All H atoms refined 
w = 1/[0.2(F 2) + (0.121P) 2 

+ 1.59P] 
where  P = (Fo 2 + 2F~)/3 

(z~/O')max = 0.010 

1660 reflections with 
/ > ~ ( / )  

Rint = 0 . 0 6 4  

0max = 56.66 ° 
h = - 1 2 - - ~  12 
k = 0 ---0 11 
1 = 0 ---~ 13 
3 standard reflections 

every  200 reflections 
intensity decay: < 3 %  

Apmax = 0.23 e ,~-3 
Apmin = - 0 . 3 8  e ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0080 (13) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Tab l e  1. Selected geometric parameters (,4, o) for (I) 
S--O2 1.437 (2) N--O3 1.228 (3) 
S--O1 !.441 (2) N---C4' 1.480 (4) 
S---CI 1.791 (2) C2---C7 1.517 (4) 
S - - C I '  1.788 (3) C6----C8 !.501 (5) 
N---O4 ! .231 (3) 

O2--S---O 1 117.81 (13) C6---C I - -S  117.2(2) 
O2---S---C 1 109.33 (12) C3---C2------L~ 116.6 (3) 
O1---S---C1 110.06 (12) C 1---C2---C7 126.2 (2) 
O2- -S - -C  1' 108.36(12) C5--C6--C8 117.1 (3) 
OI - -S - - -CI '  105.53 (12) C1- -C6--C8 125.6 (3) 
C1---S--CI '  104.92(!!) C 6 ' - - C  I ' - - S  119.7(2) 
(M---N---O3 124.2 (3) C 2 ' - - C i ' - - S  118.7 (2) 
O4---N---C4' 117.6 (3) C 3 ' - - C 4 ' - - N  118.0 (3) 
O3--N------C4' ! 18.2 (3) C5 ' - - -C4 ' - -N 118.7 (2) 
C2-----C 1--S 121.0 (2) 

Compound (H) 
Crystal data 

C15H1602S Cu Ko~ radiation 
Mr = 260.34 ,k = 1.54178 ,~, 
Monocl inic  Cell parameters  f rom 21 
C2/c reflections 
a = 20.339 (7) tk 0 = 15-30  ° 
b = 11.024 (4) ,~, # = 2.0 m m - l  
c = 15.220 (7) ,~, T = 293 (2) K 

= 126.80 (2) ° Tabular 
V = 2732.6 (19) /~k 3 0.4 × 0.3 × 0.2 m m  
Z = 8 Colourless 
Dx = 1.266 Mg m -3 
D,, not measured 

Data collection 
Enraf -Nonius  CAD-4  

diffractometer  
1616 reflections with 

I > 20-(/) 

w/20" scans 
Absorption correction: 

refined from A F  
(DIFABS; Walker & 
Stuart, 1983) 
Tmi, = 0.518, Tm~x = 0.666 

2257 measured reflections 
1822 independent  reflections 

Refinement 

Refinement  on F 2 
R[F 2 > 2o'(F2)] = 0.045 
wR(F 2) = 0.133 
S = 0.921 
1822 reflections 
215 parameters  
H atoms fixed (H atoms on 

C7' riding) 

Tab l e  2. Selected geometric 
S---02 1.434 (2) 
S - -O I 1.439 (2) 
S- -CI  ' 1.771 (3) 
S---CI 1.781 (3) 

0 2 - - S - - 0 1  117.01 (15) 
O2---S--C ! ' 107.22 (14) 
O1--S---C I ' 108.32 (14) 
O2---S--C ! 109.99 (15) 
O 1 --S---C 1 109.80 (14) 
C I ' - -S- - -CI  103.61 (13) 
C6--C I - -S  121.2 (2) 
C2------C I - -S  117.0 (2) 

C o m p o u n d  (II I )  

Crystal data 

CI3HI202S 
Mr -- 232.29 
Monoclinic  
P2,/c 
a = 12.360 (5) ,~, 
b = 8.246 (4) ,~ 
c - 11.615 (7) ,~, 

= 103.74 (3) ° 
V = 1149.9 (10) ,~3 
Z = 4  
Dx = 1.342 Mg m -3 
D,, not measured 

Data collection 
Enraf -Nonius  CAD-4  

diffractometer  
w/20 scans 
Absorption correction: 

refined f rom A F  
(DIFABS; Walker & 
Stuart, 1983) 
Tmm = 0.391, Tmax -- 0.625 

1936 measured reflections 
1832 independent  reflections 

Rint = 0.037 
0max ----" 56.63 ° 
h = - 2 2 - - 0 2 2  
k = 0 ----, 11 
1 = 0 ---~ 16 
3 standard reflections 

every 200 reflections 
intensity decay: < 4 %  

w = 1/[0.2(Fo 2) + (0.0904P) 2 

+ 3.072P] 
where  P = (Fo 2 + 2Fc2)/3 

(A/a)ma~ = - o . o o l  
Apmax = 0.21 e ,~-3 
Apmin = - 0 . 3 4  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

parameters (,4, o) for (II) 
C2---C7 i.495 (5) 
C6--C8 1.512 (5) 
C4'---C7' 1.511 (5) 

C3--C2---C7 I 17.0 (3) 
C 1--C2--427 125.7 (3) 
C1--C6---C8 126.1 (3) 
C5---C6---C8 117.0 (3) 
C2' ---C 1 ' - - S  120.8 (2) 
C 6 ' - - C  1 ' - - S  118.6 (2) 
C5 ' - -C4 '  ~ 7 '  120.8 (4) 
C3 ' - - -C4 ' - -C7 '  121.1 (4) 

Cu Ko~ radiation 
,k = 1.54178 ,~, 
Cell parameters  from 21 

reflections 
0 = 13-28 ° 
# = 2.3 mm - I  
T = 293 (2) K 
Tabular 
0.4 × 0.3 × 0.2 m m  
Colourless 

1740 reflections with 
/ > 2o~(h 

Rint = 0 . 0 3 9  

0max = 6 2 . 5 0  ° 
h = - 1 4 - - o  14 
k = 0 - - o  9 
1 = 0 ----~ 13 
3 standard reflections 

every 100 reflections 
intensity decay: < 3 %  
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Refinement 

Refinement on F 2 
R[F 2 > 2o'(F~)] = 0.057 
wR(F 2) = 0.162 
S = 1.186 
1832 reflections 
182 parameters 
H atoms fixed (H atoms on 

C7 riding) 
w = ll[a2(Fo 2) + (0.0942P) 2 

+ 0.5159P] 
where P = (Fo 2 + 2F,?)13 

(A/if)max = -0 .033 
Apmax = 0.48 e ,~-3 
Apmin = -0 .35  e ,~-3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.006 (2) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Table 3. Selected geometric parameters (,A, ° ) f o r  (III) 

S---OI 1.436 (2) S---C I 1.777 (3) 
S---O2 1.444 (2) C2----C7 1.502 (4) 
S---C I ' 1.768 (3) 
O I--S----O2 118.41 (14) C6---C I--S 115.9(2) 
OI--S--C I' 108.29(13) C2--C I--S 123.1 (2) 
O 2 - - ~ 1 '  107.43 (13) C3--C2----C7 i18.7 (3) 
OI--S---CI 110.34 (13) C i----C2----C7 125.4 (3) 
O2--S---CI 106.90(13) C6'---CI'--S 119.2(2) 
C I ' - - S ~ I  104.58(11) C2'---CI'--S 119.9(2) 

Table 4. Selected dihedral angles ( ° ) f o r  (I), (II) and (III) 

Ar/Ar C--S--C/C 1-C6 C--S--C/C 1'-C6 I 
(I) 80.0 (1) 108.7 (I) 63.3 (1) 
(II) 89.6 (1) 110.4 (1) 120.9 (1) 
(Ill) 78.9 (I) 95.8 (1) 82.6 (1) 

For all compounds, data collection: SDP (Frenz, 1978); cell 
refinement: SDP; data reduction: SDP; program(s) used to 
solve structures: SHELXS86 (Sheldrick, 1985); program(s) 
used to refine structures: SHELXL93 (Sheldrick, 1993); molec- 
ular graphics: ORTEP92 (Vickovic, 1994); software used to 
prepare material for publication: PARST (Nardelli, 1983). 
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Abstract  

In the title c o m p o u n d ,  C26H25NO3, the central  r ing 
adopts  a d is tor ted  boat  con fo rma t ion  and the outer  
r ings adopt  hal f -chai r  conformat ions .  The  m o l e c u l e  is 
s tabi l ized by C - - H . . . O - t y p e  h y d r o g e n  bonds .  

Comment  

The  interact ions  o f  acr id ine  wi th  D N A  are genera l ly  
k n o w n  to be part ly respons ib le  for their  b io logica l  
act ivi t ies  (Neidle ,  1979). Acr id ines  o f  the same  type as 
the  title c o m p o u n d ,  (I), have  been  obse rved  to f luoresce 
wel l  as laser  dyes  in a lcohol  solvents  (Sel ladurai  et al., 
1990). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FRI058). Services for accessing these 
data are described at the back of the journal. 
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O-CH 3 

o o 

(I) 

The  bond  lengths  in the pyr id ine  r ing range f rom 
1.348 (3) to 1.511 (3),4, and show the respec t ive  greater  
or lesser  deg ree  o f  s ingle-  or doub l e -bond  character  
as predic ted  f rom compar i sons  with re la ted acr id ine  
structures (Sel ladurai  et al., 1989, 1990; S ivaraman  et 
al., 1994, 1996). The  C - - N  dis tances  in the acr idinyl  
r ing have  an average  value  o f  1.395 (5),4, and the m e a n  
C - - N - - - C  angle  is 119.8 (3) °. These  values  agree  wel l  
wi th  those  for re la ted acr idinyl  der iva t ives  (Chu & Van 
der  He lm,  1977). 

The  ke tone  bond  lengths  C6- - -O6 '  and C 10---O10'  o f  
1.227 (3) and 1.229 (3) A, respect ively,  are in a g r e e m e n t  
wi th  values obse rved  for re la ted structures (Dideberg  et 
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