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methods; however, of the semi-empirical methods, 
MNDO gave less satisfactory agreement for the bond 
lengths. We also note that molecular mechanics 
methods may give false minima as we have pre- 
viously shown for this type of molecule (Badejo, 
Karaman, Pinkerton & Fry, 1990), hence the current 
M M X  calculations use the solid-state structure as 
input to give results for comparison purposes only. 
The most important differences between the solid- 
state structure and the calculated ones concern the 
geometry associated with C9. This is perhaps not 
unexpected as the hydroxyl group, O15, attached to 
C9 is involved in hydrogen bonding in the solid (see 
above) which would be expected to perturb the 
geometry at C9 compared to the calculated gas- 
phase structures. The discrepancies relating to the 
geometry at O10 may also be interpreted in this way; 
however, there is certainly a contribution from the 
poor treatment of conjugated systems inherent in the 
molecular mechanics calculations. All of the calcula- 
tions showed the energy minimum to be rather fiat 
with respect to the conformation of the seven- 
membered ring, thus the discrepancies and the varia- 
tion in the discrepancies for the torsion angles in this 
ring may be attributed to packing forces and/or 
uncertainties in the theoretical values. 

All methods of calculation give similar heats of 
formation and dipole moments (Table 5). The weak- 
ness of the hydrogen bond is manifested in the 
similarity of the heat of formation calculated for the 
X-ray structure compared to that for the gas-phase 
molecule. 

The authors thank Dr M. Rahman for assistance 
in collecting the X-ray data, the College of Arts and 
Sciences of the University of Toledo for support of 
the X-ray laboratory and the Ohio Supercomputer 
Center for a grant of time on the CRAY X-MP/28 
computer. 

Table 5. Heats of formation and dipole moments 
calculated for (1) 

Geometry MNDO AMI PM3 MMX 
Gas-phase optimized 
A/-/~/(kcal mol- ~)* 28.2 33.9 29-7 28.3 
/z (D)~ 1.41 1.27 1-39 1-85 

X-ray optimized]" 
zl/-/~: (kcal mol- ~)* 30.3 34.5 30.9 
/z (D). + 1.43 1.40 1-32 

* 1 ca l  = 4"184 J. 

t Optimization of the X-ray structure was done by forcing the torsion 
angles while all other parameters were optimized. 

~/ 1 D = 3.33564 x 10 -30 C m. 
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Abstract. (1) 4a-(Spiro[cyclopropane- 1,3'-indolin]-2'- 
yl)- 1,3,6,8-tetramethyl-4a,4b,8a,8b-tetracyclobuta- 
[1,2-d:4,3-d']dipyrimidine-2,4,5,7(1H,3H,6H,8H)-tet- 

raone, C22H25NsO4,  M r = 423"52, monoclinic, P21/c, 
a = 7.868 (4), b = 14.16' (4), c = 18-340 (6) ]k, /3 = 
92.69 (4) °, V = 2042 (1) A 3, Z = 4, Dm = 1-37, Dx = 

0108-2701/91/091898-05503.00 © 1991 International Union of Crystallography 
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1"38 g cm -3, A(Mo Ka) = 0.71073 A, p,(Mo Ka) = 
0.91 cm- l ,  F(000) = 896, T = 298 K, R = 0.0548 for 
2868 observed data [Fo > 3o-(Fo)] of 5805 unique data 
collected. (2) C22H25NsO4, Mr = 423.52, ortho- 
rhombic, Pna21, a = 22.856 (12), b = 7.785 (4), c = 
11-604 (3) /~,, V=  2065 (1) /~, 3, Z = 4 ,  Dm= 1"36, Dx 
= 1"36 g cm -3, A(Mo Ka) = 0"71073/~, /z(Mo Ka) 
= 0"90 cm-1, F(000) = 896, T = 298 K, R = 0-0808 
for 2172 observed data [Fo > 3o-(Fo)] of 4405 unique 
data collected. While differing only in configuration 
at the indoline C atom between the cyclobutyl group 
of the dimer and the N atom of the indoline, these 
two compounds exhibit markedly different dimer 
splitting efficiencies upon photochemical excitation 
of the indoline chromophore. For a given solvent, 
the splitting efficiency for (1) is twice that of (2). 

Introduction. Exposure of DNA to ultraviolet-B 
radiation (280-320 nm) results in the formation of 
cyclobutane-type pyrimidine dimers in DNA. The 
presence of pyrimidine dimers in DNA has been 
associated with mutation, cell death and cellular 
transformation (Harm, 1980). Pyrimidine dimers are 
repaired by DNA photolyases (Sancar & Sancar, 
1988), which utilize near-UV and visible light to 
regenerate the pyrimidines. The DNA photolyases 
may achieve dimer splitting by photoinitiated elec- 
tron transfer from an enzyme-bound sensitizer to the 
dimer (Jordan & Jorns, 1988; Okamura,  Sancar, 
Heelis, Hirata & Mataga, 1989; Pac & Ishitani, 
1988). 

Synthetic model compounds consisting of an 
indole ring covalently linked to a dimer have proved 
to be useful for mechanistic studies of dimer splitting 
(Kim, Hartman & Rose, 1990; Kim & Rose, 1988, 
1990; Kim, Young, Goodman,  Forrest, Hartman & 
Rose, 1990; Young, Kim, Van Camp, Hartman & 
Rose, 1988; Hartman, Van Camp & Rose, 1987; Van 
Camp, Young, Hartman & Rose, 1987). In these 
systems, absorption of light results in electron dona- 
tion from photo-excited indole to a dimer, followed 
by splitting of the dimer radical anion. 

Two diastereomeric compounds, (1) and (2), in 
which a pyrimidine dimer is directly attached to an 
indoline ring, have been prepared to examine intra- 
molecularly photosensitized dimer splitting (Kim & 
Rose, 1991). These two compounds, differing only 
in configuration at the indoline C atom between the 
cyclobutyl group of the dimer and the N atom of the 
indoline, exhibited quite different dimer splitting 
efficiencies upon photochemical excitation of the 
indoline chromophore. Their stereochemistry, how- 
ever, could not be assigned unambiguously by spec- 
troscopic methods. 

This paper reports the crystal structures of two 
cis,syn-l,3-dimethyluracil photodimers with a co- 

valently linked spiro[cyclopropane- 1,3'-indoline], (1) 
and (2). 

0 o N 

H3C-,-. N A  H3C--.. N 

O" ~';N "/  N 
H3C I H3C I 

CHa CH a 

(1) (2) 

Experimental. Preparation of cis,syn- 1,3-dimethylura- 
cil photodimers with a covalently linked spiro[cyclo- 
propane-l,3'-indoline], (1) and (2). The preparation 
of these compounds will be reported elsewhere (Kim 
& Rose, 1991). Single crystals of racemic (1) from 
ethyl acetate/methanol and of racemic (2) from ethyl 
acetate/ethanol were obtained at room temperature. 
Density was measured by flotation in aqueous 
cadmium chloride. 

Structure determination. A Siemens R3m/V 2000 
diffractometer was used for data collection. Cell 
parameters for each crystal were refined by least 
squares on 25 reflections in the 20 range 3.5-15.0L 
Intensities were collected with Mo Ka radiation (,t = 
0.71073 ~)  in the range 3.5--_ 20---50"0 ° using the 
o~-scan technique. The data were corrected for 
Lorentz and polarization effects, but no absorption 
correction was applied. Data with Fo >-3o'(Fo) were 
considered observed [2868 of 5805 unique data for 
(1), Rm~ = 0.0203; 2172 of 4405 unique data for (2), 
Rin t  = 0.0460]. Both structures were solved by direct 
methods (SHELXTL-Plus; Sheldrick, 1990) on a 
DEC MicroVAX 2000 computer. The structures 
were refined by full-matrix least squares on F. H 
atoms were added in idealized positions and refined 
as atoms riding on their bonding partners. For (1), 
the final conventional R = 0.0548 and wR = 0.0612 
where w = 1-000/[o-2(F)+ 0.000138(F2)]. For (2), the 
final conventional R = 0.0808 and wR = 0.0522 
where w = 1.000/[o"2(/7)+ 0.000103(F2)]. The largest 
peaks in final difference maps were 0.35 e ~ - 3  for (1) 
and 0.33 e A-3  for (2). The ranges of hkl were - 11 
to 11, 0 to 19, 0 to 25, respectively, for (1) and 0 to 
36, 0 to 12, 0 to 18, respectively, for (2). The final 
(A/O')max values were 0.002 for both structures. Three 
standard reflections (02.1, l lT and 002.) for (1), and 
(012, 110 and 101) for (2), were collected every 47 
reflections and indicated no discernible degradation 
of either compound (variation in standard intensi- 
ties < 1%). The high R value for (2) was due to a 
larger fraction of the data having low intensity, as 
expected for the higher-symmetry space group [44% 
of data <4o-(F) for (2), whereas 29% of data 
<4o-(F) for (1)]. Both structure determinations, as 
well as the production of the plots, were performed 
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using the SHELXTL-Plus package. Atomic scat- 
tering factors were also from the SHELXTL-Plus 
package. 

Discussion. The final atomic parameters with their 
estimated standard deviations are listed in Table 1.* 
Selected bond lengths and angles with the associated 
estimated standard deviations appear in Table 2. A 
view of both molecules, together with the atom- 
labeling scheme, is given in Fig. 1. Stereoviews of the 
unit cells of (1) and (2) are shown in Figs. 2 and 3, 
respectively. The bond lengths and angles in the 
pyrimidine dimer portion of both (1) and (2) are 

* L i s t s  o f  s t r u c t u r e  f a c t o r s ,  anisotropic thermal parameters, 
complete bond lengths and angles and H-atom parameters have 
b e e n  d e p o s i t e d  w i t h  the British Library Document Supply Centre 
as Supplementary Publication N o .  S U P  53986  (48 p p . ) .  C o p i e s  

may be obtained through The Technical Editor, International 
Union o f  C r y s t a l l o g r a p h y ,  5 A b b e y  S q u a r e ,  C h e s t e r  C H 1  2 H U ,  
England. 

C(; I ) ~  C(80 

C(St) ~ ~ I L C  (21) 

(~~Jc3,) % c,s.I ~)o~4. ' 

°,2, ---- ~ ~ ~2., 
C(3n~ (a) 

C170 

C[6i) ~ C ( 8 1 1  
ClSII k ~ ~  d 

_ C 1 2 ~  Cl2t) 0(4'1 

,a~ C(2q 

o~) ( b )  ~ r ) ~ )  

0(2"I 

Fig. I .  ( a )  P e r s p e c t i v e  v i e w  o f  ( I )  a n d  (b)  o f  (2),  w i t h  atom- 
labeling s c h e m e s .  H atoms are omitted f o r  c l a r i t y .  Thermal 
ellipsoids are depicted at the 3 0 %  p r o b a b i l i t y  level. 

Table 1. Atomic coordinates (× 10 4) and equivalent 
isotropic displacement coefficients (~2 × 10 3) 

Uoq is defined as one third of the trace of the orthogonalized 
U o. tensor. 

x y z U~q 
C o m p o u n d  (1) 
N(1) 9840 (3) 4681 (1) 2821 (1) 37 (1) 
C(2) 8840 (3) 5386 (2) 2559 (1) 40 (I) 
N(3) 7162 (3) 5153 (1) 2323 (I) 39 (1) 
C(4') 6422 (3) 4276 (2) 2376 (1) 34 (1) 
C(5) 7542 (3) 3460 (2) 2628 (1) 32 (I) 
C(6) 9439 (3) 3705 (2) 2666 (1) 34 (1) 
N(I') 9529 (3) 4001 (1) 1312 (1) 39 (1) 
C(2') 8175 (3) 4158 (2) 849 (I) 40 (1) 
N(Y) 6828 (3) 3498 (2) 831 (1) 42 (I) 
C(4) 6660 (3) 2779 (2) 1326 (2) 45 (1) 
C(5') 7917 (3) 2792 (2) 1961 (1) 39 (1) 
C(6') 9630 (3) 3297 (2) 1879 (1) 38 (1) 
N(10 7856 (3) 2213 (2) 3592 (1) 46 (1) 
C(20 6764 (3) 2985 (2) 3299 (1) 38 (I) 
C(30 6651 (3) 3625 (2) 3970 (1) 39 (1) 
C(40 8196 (3) 3402 (2) 4428 (1) 41 (1) 
C(50 8948 (4) 3860 (2) 5026 (2) 56 (1) 
C(60 10375 (4) 3459 (2) 5382 (2) 63 (I) 
C(70 11018 (4) 2621 (3) 5133 (2) 62 (1) 
C(80 10275 (4) 2148 (2) 4536 (2) 53 (1) 
C(90 8854 (3) 2558 (2) 4190 (1) 41 (1) 
0(2) 9313 (3) 6210 (1) 2532 (1) 64 (1) 
0(2') 8089 (3) 4832 (1) 436 (1) 57 (1) 
0(4) 4919 (2) 4153 (1) 2219 (I) 49 (1) 
0(4') 5535 (3) 2192 (2) 1264 (1) 68 (1) 
C(Im) 11541 (3) 4901 (2) 3130 (2) 59 (1) 
C(l'm) 11072 (3) 4569 (2) 1212 (2) 54 (1) 
C(3m) 6075 (4) 5935 (2) 2051 (2) 64 (1) 
C(3'm) 5498 (4) 3622 (2) 252 (2) 61 (I) 
C(2s) 5763 (4) 4569 (2) 3995 (2) 53 (I) 
C(Is) 4983 (4) 3728 (2) 4350 (2) 56 (I) 

C o m p o u n d  (2) 
N(I) 3124 (2) 3227 (5) 5000 47 (I) 
C(2) 2717 (2) 2130 (6) 4636 (5) 44 (2) 
N(3) 2911 (1) 503 (4) 4236 (4) 43 (1) 
C(4) 3464 (2) - 169 (6) 4389 (5) 41 (1) 
C(5) 3934 (2) 1023 (5) 4828 (5) 36 (1) 
C(6) 3742 (2) 2931 (5) 4855 (5) 40 (1) 
N(I') 3686 (2) 3291 (5) 2680 (5) 47 (1) 
C(2') 3676 (2) 2079 (6) 1834 (6) 53 (2) 
N(3') 4027 (2) 603 (5) 1971 (4) 47 (1) 
C(4') 4408 (2) 330 (6) 2849 (5) 43 (I) 
C(5') 4374 (2) 1551 (5) 3839 (5) 39 (1) 
C(6') 4051 (2) 3266 (6) 3684 (5) 41 (1) 
C(lm) 2938 (2) 4906 (6) 5457 (6) 70 (2) 
C(3m) 2456 (2) - 671 (7) 3798 (6) 68 (2) 
0(2) 2195 (1) 2433 (4) 4663 (5) 71 (1) 
0(4) 3570 (1) - 1661 (4) 4166 (4) 57 (1) 
C(l ') • 3383 (2) 4915 (6) . 2436 (6) 72 (2) 
C(3') 3999 (3) - 711 (7) 1058 (6) 72 (2) 
0(2') 3379 (2) 2216 (5) 971 (5) 81 (2) 
0(4') 4742 (1) -906 (4) 2877 (4) 60 (1) 
N(I 0 4638 (2) - 1137 (5) 5591 (5) 56 (I) 
C(20 4250 (2) 292 (6) 5886 (5) 45 (2) 
C(3/) 3890 (2) -392 (6) 6914 (5) 52 (2) 
COO 4156 (2) -2074 (6) 7194 (5) 48 (2) 
C(50 4043 (2) -3194 (7) 8083 (6) 63 (2) 
C(60 4354 (3) -4756 (7) 8114 (7) 76 (2) 
C(70 4749 (2) -5165 (7) 7281 (7) 72 (2) 
C(80 4876 (2) -4048 (7) 6382 (6) 61 (2) 
COO 4576 (2) -2474 (6) 6365 (5) 47 (2) 
C(ls) 3238 (2) - 149 (9) 7071 (6) 84 (2) 
C(2s) 3655 (3) 785 (8) 7828 (6) 82 (2) 

generally similar to those found in the same cis,syn- 
type pyrimidine photodimers (Adman & Jensen, 
1970; Camerman & Camerman, 1970; Konnert, 
Gibson, Karle, Khattak & Wang, 1970; Groy, Kim 
& Rose, 1991). The cyclobutyl ring in (1) is more 
folded than in (2), with a torsional angle of 16.8 ° 
about C(5)--C(6) and C(5')---C(6'), compared to 
14.7 ° in (2). These angles can be compared to those 
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T a b l e  2. Bond lengths (]~) and bond angles (°) 
Compound (1) 
C(5)--c(6) 
C(6)--C(6') 
N(10--C(2t) 
C(2t~---C(30 
C(3i)--C(2s) 
C(4~)--C(5~) 
C(5t~C(6i) 
C(7i)---C(8i) 
C(2s)--C(Is) 

C(6)--C(5)--C(5') 
C(5)--C(5')--C(6') 
C(2i)--N( I i)--C(90 
C(5)--C(2i)--C(3D 
C(2i)--C(30---C(40 
C(4i)--C(3i)--C(2s) 
C(4i)--C(3i)--C( I s) 
C( 3i)--C( 4i)--C( 5i) 
C(5~3--C(40--C(9i) 
C(5i)--C(60--C(7i) 
C(7i)--C(8O--C(9i) 
N(I 0--C(9i)---C(80 
C(3i)--C(2s)--C( I s) 

Compound (2) 
C(5)--C(6) 
C(6)--C(6") 
N( I i)--C(2i) 
C(20--C(30 
C(30--C(Is) 
C(40--C(50 
C(5t3--C(60 
C(7i)---C(8i) 
C(ls)---C(2s) 

C(6)---C(5)--C(5') 
C(5)---C(5")--C(6") 
C(2i)---N( I t~C(9i)  
C(5)--C(20--C(30 
C(2i)--C(30--C(40 
C(40--C(3i)~C( I s) 
C(4t~---C(3t)--C(2s) 
C(30--C(40--C(5i) 
C(5z)~C(4t)--C(9i) 
C(St~--C(6&--C(70 
C(7ff--C(8t~---C(90 
N( 10--C(90--C(80 
C( 31)---C( I s)--C(2s) 

1.531 (3) C(5)--C(5') 1-586 (4) 
1.570 (4) C(5')--C(6') 1.539 (4) 
1-477 (3) N(h)--C(9t3 1.405 (3) 
1-534 (4) C(30--C(40 1.479 (4) 
1.510 (4) CO0---C(Is) 1.523 (4) 
1.384 (4) C(4i)--C(9i) 1.382 (4) 
1.393 (4) C(60--C(70 1.378 (5) 
1.388 (4) C(8s~---C(9i) 1.387 (4) 
1.503 (4) 

87.4 (2) C(5)--C(6)--C(6") 
89.6 (2) C(6)--C(6')--C(5') 

108.7 (2) C(5)--C(2i)--N( I 0 
114.8 (2) N(It)--C(2t~--C(30 
104.6 (2) C(2t)--C(30--C(2s) 
122-8 (2) C(20--C(3i)--C(Is) 
117.6 (2) C(Zs)--C(3i)--C(ls) 
1312 (3) C(30--C(40--C(9i) 
120.2 (2) C(40--C(50--C(6i) 
119-8 (3) C(6i)--C(7t3--C(80 
117.4 (3) N( 1 i)--C(9t~--C(4i) 
128.4 (3) C(40---C(9i)--C(8i) 
60.7 (2) C(3i)--C(ls)---C(2s) 

90.6 (2) 
87.7 (2) 

111.4 (2) 
101.6 (2) 
126.3 (2) 
120.5 (2) 
59-4 (2) 

108.4 (2) 
119.1 (3) 
122"0 (3) 
ll0"l (2) 
121 '6 (2) 
59'9 (2) 

1.549 (6) 
1.553 (8) 
1.462 (6) 
1-545 (8) 
1.514 (7) 
1.375 (8) 
1.409 (8) 
1.389 (9) 
1.486 (9) 

C(5)---C(5') 1.580 (7) 
C(5")--C(6') 1-536 (6) 
N(Ii)--C(90 1.382 (7) 
C(30--C(4i) 1.479 (7) 
C(3O---C(2s) 1.502 (9) 
C(40--C(90 1.394 (8) 
C(6i)--C(7i) 1.360 (10) 
C(8z3--C(9i) 1.405 (7) 

86.9 (3) C(5)--C(6)--C(6') 90.8 (4) 
90-3 (3) C(6)---C(6')--C(5') 88.3 (4) 

I11.0 (4) C(5)--C(20--N(1i) 112.3 (5) 
119-7 (4) N(10--C(20--C(3[) 104.0 (4) 
104.8 (4) C(20--C(3[)----C( I s) 125.1 (5) 
119.2 (5) C(20--C(3i)--C(2s) 121.7 (4) 
122.2 (5) C(Is)--C(3i)--C(2s) 59.0 (4) 
130.5 (5) C(30--C(40--C(9i) 109.2 (5) 
120.3 (5) C(40--C(50--C(6i) 118.2 (6) 
121.2 (6) C(6i)--C(7i)--C(8i) 121-8 (5) 
117.0 (5) N(I[)~C(9i)---C(4i) 110.5 (4) 
128.0 (5) C(40--C(9t~C(8i) 121.5 (5) 
60- I (4) C(3/~---C(2s)--C( I s) 60.9 (4) 

of 6-methyluracil c&,syn-photodimer, in which the 
torsional angle is 16.5 ° (Gibson & Karle, 1971). In 
1 , 3 - d i m e t h y l u r a c i l  c&,syn-photodimers with  a 
covalently linked indole, the torsional angles were 
16-9 and 15.4 ° (Groy, Kim & Rose, 1991). The 
average of the dihedral angles between the planes 
d e t e r m i n e d  by  C ( 4 ) - - C ( 5 ) - - C ( 5 ' )  and  C ( 5 ) - - C ( 5 ' ) - -  
C(4') and between the planes determined by N(1)--  
C(6)--C(6') and C(6)--C(6")--N(1"), which is a 
measure of the twist of the pyrimidine rings relative 
to each other, is 24.8 ° in (1), whereas the average in 
(2) is 22.4 ° . 

The dihedral angle between the planes determined 
by N(li)--C(2i)--C(3i) and C(4/)--C(5i)--C(6/)-- 
C(7i)--C(8i)--C(9i), which is a measure of the non- 
planarity of the indoline ring, is 22.7 and 6.5 ° for (1) 
and (2) respectively. Thus (1) exhibits greater non- 
planarity of the indoline ring than does (2), and the 
deviation of the C(2i) atom from the phenyl ring 
plane is -0.3184 A in (1) and 0.0929 A in (2). The 
c y c l o p r o p y l  r ing in each  c o m p o u n d  is near ly  at a 
right angle to the indoline ring, the dihedral angles 

between the C(ls)--C(2s)--C(3/) plane and the 
C(4i)--C(5i)--C(6i)--C(7i)--C(8i)--C(9i) plane 
being 83-1 and 91.2 ° for (1) and (2), respectively. In 
addition, the torsional angle C(2s)--C(3i)--C(4i)-- 
C(9i) is 120 ° in (1) and -150.4 ° in (2). That is, the 
cyclopropyl ring in (1) is essentially above the plane 
of the indoline ring, whereas the cyclopropyl ring in 
(2) is virtually bisected by the indoline ring. The 
rr-like orbitals of the cyclopropyl group of (2) are 
thus better oriented than those of (1) for overlap 
with the rr system of the neighboring phenyl ring 
[i.e., the p orbitals of C(3i) and C(4/) are parallel]. 
Altered ring-current effects experienced by C(20 due 
to its deviation from the plane of the phenyl ring as 
well as electronic effects of the phenyl ring exerted 
through the cyclopropyl orbital system at COO may 
be responsible for the significantly farther downfield 
shift (8 71-14 vs 64.46 p.p.m.) of the C(2i) resonance 
observed in the 13C NMR spectrum (Me2SO-d6) of 
(2) compared to (1). 

Both compounds exhibit dimer splitting efficien- 
cies that are highly dependent on solvent polarity 
(Kim & Rose, 1991), but (1) splits twice as effi- 
ciently as (2) in a given solvent. This may be a 
consequence of a difference in ability of the ground- 
state dimer and photochemically excited indoline 
portions of each molecule to interact. For example, 

,% 
) 

Fig. 2. Stereoview of the unit cell of (1) as viewed down the a axis, 
with b axis to the right and c axis down. H atoms are omitted 
for clarity. 

Fig. 3. Stereoview of the unit cell of (2) as viewed down the b axis, 
with a axis up and c axis to the left. H atoms are omitted for 
clarity. 



1902 TWO C22H25NsO4 PHOTODIMERS 

the dihedral angle between zr orbitals that may have 
to interact [i.e., those spanning C(3i)--C(4i)-- 
C(9i)--N(1/) and spanning C(5)--C(4)---N(3)--C(2)] 
is 133-4 ° in (1) and 67.8 ° in (2). If the predominant 
solution conformations of (1) and (2) resemble the 
conformations in the crystal, then this stereoelectro- 
nic effect might be responsible for differences in 
photosplitting efficiencies of (1) and (2). 
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Structure of 9-Benzyl-l,3-dimethyl-2,4,8-trioxo-l,3,6,7,9-pentahydro- 
1,3-diazino[2,1-f]purine 
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Abstract. C17Hi7NsO3, M r  = 339"35, orthorhombic, 
Pbca, a = 7.521 (1), b =  38.635 (4), c = 11.008 (1) A, 
V = 3198.6 (6) A 3, Z = 8, D,n = 1.40 (2), D~ = 
1-409 g cm -3, A(Cu Kc0 = 1.54178/~, /z = 
7.88cm-1, F(000)=1424, T = 2 9 3 K ,  final R =  
0-0514 for 1157 observed reflections. The purine 
fused-ring system is planar. The six-membered 1,3- 
diazinone ring adopts a half-chair conformation. 
Theophylline skeletons show significant stacking 
with mean separation between molecular planes of 
3.34 (4) A. 

Introduction. Theophylline, as natural methyl- 
xanthine, is a well known pharmacological agent of 

great therapeutic interest. The structure determina- 
tion of 9-benzyl- 1,3-dimethyl-2,4,8-trioxo- 1,3,6,7,9- 
pentahydro-l,3-diazino[2,1-f]purine ( I ) i s  part of a 
larger X-ray and pharmacological study on tricyclic 
theophylline derivatives (Karolak-Wojciechowska & 
Pawtowski, 1990). The annelation of the six- 
membered lactam ring at the 7,8-position of theo- 
phyUine changes the profile of its activity to 
neurosedative action, probably due to the chemical 
properties of the third lactarh ring (Pawtowski, 
Drabczyfiska, Gorczyca, Malec & Modzelewski, 
1991). Incorporation of this ring allows us to expect 
a higher lipophility and a better absorption by the 
central nervous system. These pharmacological 
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