
942 C6H7 N O 4  S. ½ H20 

N(1) 0.5635 (3) -0.2274 (3) 0.8785 (2) 0.0282 (9) 
N(2) 0.4598 (3) -0.2989 (3) 1.4089 (2) 0.0250 (8) 
C(I) 0.3085 (3) -0.0436 (3) 0.9502 (2) 0.0224 (9) 
C(2) 0.3941 (3) -0.0836 (3) 0.8955 (2) 0.0233 (9) 
C(3) 0.4702 (3) -0.1829 (3) 0.9320 (2) 0.0230 (9) 
C(4) 0.4624 (3) -0.2449 (3) 1.0203 (2) 0.0254 (10) 
C(5) 0.3789 (3) -0.2006 (3) 1.0757 (2) 0.0276 (10) 
C(6) 0.3025 (3) -0.1011 (3) 1.0405 (3) 0.0268 (10) 
C(7) 0.6564 (3) -0.0679 (3) 1.5706 (2) 0.0222 (9) 
C(8) 0.5680 (3) -0.1586 (3) 1.5399 (2) 0.0223 (9) 
C(9) 0.5533 (3) -0.2045 (3) 1.4453 (2) 0.0219 (9) 
C(10) 0.6260 (3) -0.1644 (3) 1.3797 (2) 0.0249 (9) 
C(I1) 0.7123(3) -0.0703(4) 1.4104(3) 0.031 11) 
C(12 )  0.7270(3) -0.0232 (3) 1.5051 (3) 0.029(I) 

Table 2. Selected geometric parameters (.4, 
S(1)---O(1 ) 1.449(2) S(2)---O(7) 
S(1)--O(2) 1.458 (2) S(2)~-C(7) 
S(I )--0(3) 1.457 (2) O(4)--C(4) 
S(I)--C(I) 1.767 (3) O(8)--C(I 0) 
S(2)---O(5) 1.457 (2) N(I )--C(3) 
S(2)--O(6) 1.457 (2) N(2)---C(9) 

O(1)---S(1)--O(2) 111.7(2) S( 1 )---C(I )--C(2) 
O(1)--S(1)--O(3) 113.8(2) S(I)---C(1)~C(6) 
O(I)--S(1)--C(1) 107.1 (1) N(1)---C(3)--C(2) 
O(2)--S( 1 )------0(3) 109.7 ( I ) N( 1 )--C(3)--C(4) 
O(2)--S(1 )---C(I ) 107.3 (1) O(4)---C(4)---C(3) 
O(3)---S( 1 )---C( I ) 107.0 ( 1 ) O(4)---C(4)---C(5) 
O(5)---S(2)---O(6) 114.3 ( 1 ) S(2)---C(7)---C(8) 
O(5)--S(2)---O(7) 112.0(1) S(2)---C(7)---C(12) 
O(5)--S(2)---C(7) 105.8 (I) N(2)---C(9)---C(8) 
O(6)----S(2)--O(7) 111.3(1) N(2)~(9)--C(10) 
O(6)--S(2)--C(7) 106.2 (1) O(8)---C(10)----C(9) 
O(7)---S(2)--C(7) 106.6(1) O(8)---C(I0)---C( I 1 ) 

o) 

1.467 (2) 
1.777 (3) 
1.350(4) 
1.357 (4) 
1.465 (4) 
1.463 (4) 

120.7 (2) 
118.9 (2) 
120,6 (3) 
117.2 (3) 
116.4 (3) 
124.9 (3) 
12O.6 (2) 
119.7 (3) 
121.1 (3) 
116.8(3) 
116.7 (3) 
124.9 (3) 

Table 3. Hydrogen-bonding geometry (A, °) 
D--H- • -A D - - H  H. • .A D- - -A D--H. • .A 

N(1)---H(4). • .0(5') 1.01 (3) 1.75 (3) 2.758 (4) 171 (3) 
N(I)--H(5)- - -0(9") 0.94 (3) 1.93 (3) 2.869 (4) 173 (3) 
N(I)---H(6)...0(3 m) 0.91 (3) 1.92(3) 2.814(4) 166(3) 
O(4)--H(7). • .0(9 'v) 0.80 (3) 1.95 (4) 2.723 (4) 165 (4) 
N(2)--H(11). • -0(3 v) 0.92 (3) 1.94 (3) 2.852 (4) 167 (3) 
N(2)--H(12). • .0(6 vi) 0.97 (3) 2.01 (3) 2.774 (4) 134 (3) 
N(2)--H(13). • -0(2 TM) 0.93 (3) 1.93 (3) 2.800 (4) 156 (3) 
O(8)--H(14)- • .O(1~!) 0.77 (3) 1.97 (3) 2.741 (3) 176 (4) 
O(9)---H(16). • -0(7 TM) 0.81 (3) 1.93 (4) 2.734 (4) 169 (4) 

Symmetry codes: (i) x , y , z -  I" ( i i ) x -  ½ , - ½ -  y , z -  ~: (iii) ! - 
x , - y ,  2 - - z ; ( i v )  3 _ x , y _  ½,~ - z ; ( v )  ½ - x , y -  ½,~ - z;(vi) 
1 - x , - y ,  3 - z; (vii) ½ + x, -½ - y, ½ + z; (viii) 2 - x , - y ,  3 - z. 

All  H a toms  were  loca ted  on d i f fe rence  e lect ron dens i ty  maps  
and  their  posi t ions  ref ined with  fixed isotropic B values  equal  
to 1.2 t imes  those  o f  the a t tached a toms  at the t ime o f  their  
inclus ion,  wi th  bond  dis tances  O - - H  0.77 (3)-2o0.85 (3), N - - H  
0.91 (3)-1.01 (3) and C - - H  0.90 (3) -0 .98  (3) A. 

Data  col lect ion:  MSC/AFC Diffractometer Control Sof-m'are 
(Molecu la r  Structure  Corpora t ion ,  1988). Cel l  ref inement :  
MSC/AFC Diffractometer Control Software. Data  reduct ion:  
TEXSAN (Molecu la r  Structure  Corpora t ion ,  1991 ). Program(s)  
used  to solve structure:  MITHRIL (Gi lmore ,  1983). Program(s)  
used  to refine structure:  TEXSAN. Sof tware  used  to prepare 
mater ia l  for  publ icat ion:  TEXSAN. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry, least-squares-planes data, torsion 
angles and intermolecular distances involving both H and non-H atoms 
have been deposited with the IUCr (Reference: BKl189). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHi 2HU, England. 

©1996 International Union of Crystallography 
Printed in Great Britain - all rights reserved 
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A Photoproduct Derived from 9-Benzyl- 
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Abstract 
Photolysis of 11,12-dibenzoyl-9-benzyl-9,10-ethenoan- 
thracene in the absence of oxygen, gives 9a, 10-di- 
benzoyl-9-benzylidene-4b,9,9a, 10-tetrahydroindeno[ 1,2- 
a ] i n d e n e ,  C 3 7 H 2 6 0 2 ,  (3) .  The structure of (3) has 
been unambiguously established through X-ray crystal- 
lographic analysis. 

Comment 
We reported earlier that the partial photolysis of 11,12- 
dibenzoyl-9-benzyl-9,10-ethenoanthracene, (1), in the 
absence of air, gives exclusively the 9-benzylidene- 
dibenzopentalene (3), derived from the dibenzosemibull- 
valene precursor (2) (Pratapan, Ashok, Cyr, Das & 
George, 1987). 

t Contribution No. NDRL-3741 from the Notre Dame Radiation 
Laboratory and No. TTLT-PRU-53 from the Regional Research 
Laboratory (CSIR), Trivandrum 695 019, India. 
~: Also at the Regional Research Laboratory (CSIR), Trivandrum 695 
019, India. 
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In v i e w  o f  the i m p l i c a t i o n s  on  the r e g i o s e l e c t i v i t y  ex -  
erted by the 9 - b e n z y l  subst i tuent  in the photorean 'ange-  
m e n t  o f  (1) ,  it was  n e c e s s a r y  to es tabl i sh  the structure 
o f  the p h o t o p r o d u c t  (3)  u n a m b i g u o u s l y .  T h e  structure o f  
(3)  has  n o w  b e e n  d e t e r m i n e d  by X-ray  crys ta l lographic  
ana lys i s  and c o n f i r m s  our earl ier s u g g e s t i o n  that the ob-  
served  p h o t o p r o d u c t  (3)  is a s e c o n d a r y  product ,  der ived  
f rom the ini t ia l ly  f o r m e d  d i b e n z o s e m i b u l l v a l e n e  (2).  

c,20, t 0, 

C(28' ~i,,.-..,~Cl26' Clll)(~ ( ~  

:14C1~) C120) 
C(10)(~ ~ t 2 i )  

C(I) t (4/k) ~ C 1 2 2 )  

C(2) C(24) C(~23) 
C(3) 

Fig. !. Projection view of compound (3) showing 50% probability 
ellipsoids. Only one of the two molecules in the asymmetric unit is 
shown for clarity. 

E x p e r i m e n t a l  

Colorless crystals of  the title compound (3) were obtained 
by recrystallization from a 1:1 mixture of chloroform and 
methanol. 

Crystal data 

C37H2602  C u  K a  radiation 
Mr = 502.6 A = 1.54178/~, 

Triclinic 
P 1  

a = 9.498 (2) 
b = 14.443 (3) ,& 
c -- 20.318 (4) ,& 
a = 78.56 (3) ° 
/3 = 85.43 (3) ° 
"7 = 88.77 (3) ° 
V - 2723.0 (10) ,~3 
Z = 4  
Dx - 1.226 Mg m -3 
Om not measured 

Data collection 
Siemens P4 diffractometer 
~ /20  scans 
Absorption correction: 

none 
8843 measured reflections 
7270 independent reflections 
5594 observed reflections 

[F > 3.0or(F)] 
Rint = 0 . 0 5 4 5  

Refinement 

Refinement on F 
R = 0.0571 
wR = 0.0796 
S =  1.01 
5594 reflections 
703 parameters 
w = 1/[cr2(F) + 0.0040F 2] 

Cell parameters from 25 
reflections 

0 = 7 .5 -12 .5  ° 
# = 0.580 m m -  
T = 298 K 
Rhombic 
0.4 x 0.3 x 0.2 mm 
Colorless 

0max = 56 .5  ° 

h =  - 1  --, 10 
k = - 1 5 - - - *  15 
l = - 2 2  ---, 22 
3 standard reflections 

monitored every 50 
reflections 

intensity decay: <6% 

(z~/O')max = 0 .001  

/'~Pmax = 0 . 2 5  e ~-3 
Apmin = - 0 . 2 7  e ~ - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

U~q = ( I /3 )EiEjv0a7  ~7 a,.aj. 

x y z 
O(I) 0.1151 (2) 0.7178 (2) 0.3598 (1) 
0(2) -0 .2444 (2) 0.9303 (2) 0.2363 ( I ) 
C(1) -0.2013 (3) 0.9373 (2) 0.3992 (2) 
C(2) -0.2968 (4) 0.9384 (2) 0.4542 (2) 
C(3) -0.3784 (4) 0.8604 (3) 0.4813 (2) 
C(4) -0.3675 (3) 0.7794 (2) 0.4542 (2) 
C(4A) -0 .2730 (3) 0.7788 (2) 0.3984 (1) 
C(4B) -0.2455 (3) 0.7009 (2) 0.3588 (11 
C(4C) -0.3527 (3) 0.6936 [21 0.3090 (I) 
C(51 -0.4973 (3) 0.6794 (2) 0.3223 (2) 
C(6) -0.5803 (3) 0.6804 (2) 0.2692 (2) 
C(7) -0.5208 (3) 0.6958 (3) 0.2041 (2) 
C(8) -0.3764 (3) 0.7073 (2) 0.1902 (2) 
C(8A) -0.2912 (3) 0.7045 (2) 0.2437 (1) 
C(9) -0.1365 (3) 0.7154 (2) 0.2424 (1) 
C(9A) -0 .1079(3)  0.7329 (2) 0.3121 (I) 
C(101 -0.0911 (3) 0.8410 (2) 0.3131 (11 
C(10A) -0.1908 (3) 0.8570 (2) 0.3717 (1) 
C(II)  -0 .0334 (3) 0.7120 (2) 0.1944 (1) 
C(121 -0.0417 (3) 0.6903 (2) 0.1272 (2) 
C(131 0.0338 (4) 0.7456 (3) 0.0725 (2) 
C(141 0.0316 (6) 0.7246 (3) 0.0089 (2) 
C(151 -0.0423 (5) 0.6492 (3) -0 .0009 (2) 
C(16) -0.1156 (4) 0.5930 (3) 0.0528 (2) 
C(17) -0.1146(31 0.6133 (2) 0.1171 (2) 
C(181 0.0195 (3) 0.6769 (2) 0.3418 (I) 
C(19) 0.0254 (3) 0.5713 (2) 0.3525 (1) 
C(20) -0.0645 (3) 0.5167 (2) 0.3253 (2) 

Ue( 
0.060 1 ) 
0.063 1 ) 
0.049 1 ) 
0.057 I ) 
0.059 I ) 
0.046 I ) 
0.036 I ) 
0.034 I ) 
0.036 I ) 
0.046 1 ) 
0.057 1 ) 
0.061 1) 
0.052 1 ) 
0.036 1 ) 
0.O35 (1) 
0.O32 ( I ) 
O.035 (I) 
0.038 (I) 
0.039 ( 1 ) 
0.044 (1) 
0.066 ( I ) 
0.087 (2) 
0.082 (2) 
0.070 (2) 
0.054 (1) 
0.036 ( 1 ) 
0.037 ( 1 ) 
0.043 (I) 
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C(21) -0.0502 (3) 0.4196 
C(22) 0.0503 (3) 0.3760 
C(23) 0.1398 (4) 0.4290 
C(24) 0.1286 (4) 0.5255 
C(25) -0.1234 (3) 0.9061 
C(26) -0.0053 (3) 0.9420 
C(27) 0.1345 (4) 0.9345 
C(28) 0.2390 (5) 0.9726 
C(29) 0.2050 (6) 1.0182 
C(30) 0.0674 (6) 1.0248 
C(31) -0.0385 (5) 0.9878 
0(1 ' )  -0.7344 (2) 0.2284 
0(2 ')  -0.3330 (2) 0.4389 
C(I ')  --0.4211 (3) 0.4232 
C(2') -0.3435 (4) 0.4130 
C(3') -0.2706 (4) 0.3301 
C(4') -0.2730 (3) 0.2563 
C(4A') -0.3499 (3) 0.2666 
C(4B I) -0.3646 (3) 0.1970 
C(4C') -0.2426 (3) 0.1956 
C(5') -0.1006 (3) 0.1829 
C(6') -0.0029 (3) 0.1877 
C(7') -0.0470 (3) 0.2083 
C(8') -0.1874 (3) 0.2206 
C(8A') -0.2870 (3) 0.2119 
C(9') -0.4425 (3) 0.2235 
C(9A') -0.4902 (3) 0.2369 
C(10') -0.5057 (3) 0.3433 
C(10B) -0.4240 (3) 0.3491 
C(II ' )  -0 .5329(3)  0.2211 
C(12') -0.5059 (3) 0.1996 
C(13') -0.5710 (5) 0.2521 
C(14') -0.5511 (6) 0.2309 
C(15') -0.4671 (6) 0.1558 
C(16') --0.4043 (4) 0.1015 
C(17') -0.4236 (3) 0.1227 
C(18') -0.6291 (3) 0.1842 
C(19') -0.6382 (3) 0.0795 
C(20') -0.5371 (3) 0.0223 
C(21') -0.5555 (3) -0.0741 
C(22') -0.6730 (3) -0.1153 
C(23') -0.7738 (3) -0.0601 
C(24') -0.7569 (3) 0.0372 
C(25') -0.4548 (3) 0.4129 
C(26') -0.5568 (3) 0.4479 
C(27') -0.5045 (4) 0.4909 
C(28') -0.5974 (6) 0.5269 
C(29') -0.7403 (6) 0.5199 
C(30') -0.7909 (5) 0.4779 
C(31') -0.7020 (4) 0.4415 

° 

(2) 0.3371 (2) 0.054 (1) 
(2) 0.3776 (2) 0.061 (I) 
(3) 0.4048 (2) 0.068 (2) 
(2) 0.3917 (2) 0.057 (I) 
(2) 0.2470 (2) 0.041 (I) 
(2) 0.1955 (2) 0.044 (1) 
(3) 0.2091 (2) 0.079 (2) 
(4) 0.1606 (2) 0.104 (2) 
(3) 0.0993 (2) 0.092 (2) 
(3) 0.0839 (2) 0.084 (2) 
(3) 0.1321 (2) 0.067 (1) 
(2) 0.3441 (I) 0.066 (1) 
(2) 0.2401 (1) 0.064 (1) 
(2) 0.4063 (2) 0.049 (1) 
(2) 0.4624 (2) 0.057 ( 1 ) 
(2) 0.4843 (2) 0.053 (1) 
(2) 0.4499 ( 1 ) 0.043 ( I ) 
(2) 0.3938 ( 1 ) 0.034 ( I ) 
(2) 0.3482 (I) 0.032 ( I ) 
(2) 0.2963 (1) 0.032 (1) 
(2) 0.3070 (2) 0.042 ( 1 ) 
(3) 0.2518 (2) 0.055 (I) 
(3) 0.1876 (2) 0.060 (1) 
(2) 0.1761 (2) 0.052 (1) 
(2) 0.2314 (1) 0.035 (1) 
(2) 0.2334 ( 1 ) 0.033 ( 1 ) 
(2) 0.3049 (I) 0.031 (1) 
(2) 0.3124 (1) 0.035 (1) 
(2) 0.3725 ( I ) 0.036 ( 1 ) 
(2) 0.1871 (1) 0.039 (1) 
(2) 0.1191 (1) 0.042 (1) 
(3) 0.0656 (2) 0.069 (2) 
(3) 0.0020 (2) 0.094 (2) 
(3) -0.0082 (2) 0.088 (2) 
(3) 0.0446 (2) 0.077 (2) 
(3) 0.1081 (2) 0.055 (I) 
(2) 0.3309 (1) 0.037 (1) 
(2) 0.3406 ( 1 ) 0.035 ( 1 ) 
(2) 0.3149 (I) 0.039 (I) 
(2) 0.3256 (2) 0.046 (I) 
(2) 0.3639 (2) 0.050 (I) 
(2) 0.3900 (2) 0.048 (1) 
(2) 0.3784 (I) 0.042 ( I ) 
(2) 0.2488 (2) 0.041 (1) 
(2) 0.1971 (2) 0.045 (1) 
(2) 0.1333 (2) 0.064 (1) 
(3) 0.0840 (2) 0.079 (2) 
(3) 0.0996 (2) 0.089 (2) 
(4) 0.1613 (2) 0.097 (2) 
(3) 0.2107 (2) 0.070 (2) 

The data reduction, structure solution and refinement were car- 
fled out using SHELXTL-PIus (VMS) (Sheldrick, 1991). The 
structure was solved by direct methods and refined success- 
fully in the triclinic space group Pi, with two unique mol- 
ecules per asymmetric unit. All non-H atoms were refined 
anisotropically to convergence, whereas H atoms were in- 
cluded in their calculated positions with fixed isotropic dis- 
placement parameters. 
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Board and the Center for Molecular Electronics of the 
University of Missouri-St. Louis (NPR), the Jawaharlal 
Nehru Centre for Advanced Scientific Research (MVG) 
and the Office of Basic Energy (MVG, in part) for 
financial support of this work. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and complete geometry, together with an ellipsoid plot of 
the second molecule in the asymmetric unit, have been deposited with 
the IUCr (Reference: AS1145). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI  2HU, England. 

References 
Pratapan, S., Ashok, K., Cyr, D. R., Das, P. K. & George,  M. V. 

(1987). J. Org. Chem. 52, 5512-5517.  
Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.3 for Siemens 

Crystallographic Research Systems. Siemens Analytical X-ray 
Instruments Inc., Madison, Wisconsin, USA. 

Acta Cryst. (1996). C52, 944-947 

Table 2. Selected 
O(2)----C(25) 1.217 (4) 
C(l 0)---C(10A) 1.514 (4) 
C(10)----C(25) 1.527 (4) 
C(10A)---C(4A) 1.381 (4) 
C(4B)--C(4C) 1.510 (4) 
C(8A)---C(9) 1.479 (4) 
C(9)----C(I 1) 1.332 (4) 
C(25)--~(26) 1.499 (4) 
C( I 1 )---C(12) 1.470 (4) 

geometric parameters (A, °) 
O(I)---C(I 8) 1.213 
C(10)---C(9A) 1.577 
C( 10A)---C( 1 ) 1.381 
C(4A)---C(4B) 1.515 
C(4B)---C(9A) 1.574 
C(4C)---C(8A) 1.387 
C(9)--C(9A) 1.532 
C(9A)---C(18) 1.537 
C( 18)----C(19) 1.498 

C(10A)~C(10)~C(gA) 104.2 (2) 
C(9A)mC( l 0)-~C(25) t 13.4 (2) 
C(10)--C(10A)---C(4A) 112.1 (3) 
C(4)---C(4A)-~C(4B) 128.4 (3) 
C(4A)--C(4B)----C(9A) 104.4 (2) 
C(4C)---C(8A)--C(9) 110.7 (3) 
C(8A)---C(9)---C(9A) 105.9 (2) 
C(9A)---C(9)---C(I 1 ) 122.4 (3) 
C(I 0)---C(9A)--C(9) 112.7 (2) 
C(10)--C(9A)--~(I 8) 109.9 (2) 
C(9)---C(9A)----C(I 8) 113.4 (2) 
O(2)---C(25)---C(26) 119.6 (3) 
C(25)--C(26)--C(27) 122.9 (3) 
O(l)--C(18)--C(9A) 120.0 (3) 
C( 9A)----C( 18)---C( 19 ) 121.4 (2) 

C( 10A)---C(10)---C(25) 112.3 
C(10)---C(10A)--C(I ) 126.7 
C(IOA)--C(4A)---C(4B) 111.4 
C(4A)--C(4B)---C(4C) 115.3 
C(4C)---C(4B)---C(9A ) 103.0 
C (4B)---C(4C)----C(8A) 111.9 
C(8)--C(8A)---C(9) 129.4 
C(8A)---C(9)---C( 11 ) 131.7 
C( I 0)---C(9A)--C(4B) 105.3 
C(4B)--C(9A )--C(9) 105.7 
C(4B)---C( 9A)----C(18) 109.4 
O(2)--C(25)--C(10) 120.5 
C( I 0)---C(25)----C(26) 119.9 
O( 1 )---C( 18)----C(19) 118.5 
C(9)---C( I 1 )---C(12) 129.2 
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Abstract 

The asymmetric unit of the title compound, CI3H11IO3, 
contains two independent molecules. The naphthalene 
ring systems of the molecules have average deviations 
from planarity of 0.029 (13) and 0.017 (9)A with max- 
imum deviations of 0.042 (11) and 0.034 (9)A, respec- 
tively. The methyl parts of the methoxy groups are anti 
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