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X-Ray Structures of a Free Radical Nitronylnitroxide and 
Diamagnetic Succinirnide 

By WINNIE WONG and STEVEN F. WATKINS* 
(Coates Chemical Laboratory, Lowisiana State University, Baton Rouge, Louisiana 70803) 

Summary 
radical and its diamagnetic analogue are compared. 

SINCE the reported synthesis1 of the stable radical or-phenyl- 
nitronylnitroxide, considerable effort has been expended 
both in the physical characterization and the biological 
applications of this type of compound. For example, the 
nitronylnitroxide ring is similar to imidazole and has been 
used as a spin label in polypeptides containing histidine.2 
E.s.r. studies on solutions of nitronylnitroxides themselves 
have been carried but single-crystal studies have met 
with little success. In particular, attempts to grow dilute 
single crystals of compound (I) in the analogous diamagnetic 
host, compound (11) ,4 produced polycrystalline, highly 
disordered solids unsuitable for e.s.r. This, and the fact that 
few free radical X-ray structures of such biological import- 
ance are known, prompted us to investigate the crystal and 
molecular structures of (I) and (11). 

The X-ray crystal structures of a stable free 

Ph 
(I 1 

Ph 
(11) 

CrystaE data : (I) C13H,,N,0,, blue-black, M = 233.32, a = 
21-14(1), b = 10.14(1), c = 12.22(1) A, ,8 = 108.09(6)O, 
U = 2493(1) A3, space group P2,/t, 2 = 8, D, = 1.24 g 
~ m - ~ ,  Mo-K, (Zr filter). Of the 2105 independent reflec- 
tions measured by the 8/28 scan technique on an Enraf- 
Nonius PAD-3 diffractometer, 937 were significantly above 
background [ I  > 2 4 4 1 .  

CrystaE data : (11) C,,H,,NO,, colourless, M = 231.32, 

(8 )O,  U = 2563.3(1) Hi3, space group P2,/c, 2 = 8, D, = 
1 ~ 2 0 g c m - ~ ,  Cu-K, (Ni filter). 1974 of the 2992 inde- 

u = 22-497(2), b = 6.303(1), t = 20-409(3) A, /3 = 117-662- 

pendent reflections measured by the stationary crystal- 
stationary counter method on a G.E. XRD-490 diffracto- 
meter were significantly above background [ I  > 20(1)]. 

(I1 an 
FIGURE. 
angles for (I) and (11). 

Perspective drawings, average bond lengths and bond 

Both structures were solved using the direct phasing 
program MULTAN.6 Full-matrix least-squares refine- 
ment, including isotropic temperature factors for all atoms 
and rigid body constraints on the phenyl rings and methyl 
groups (including hydrogen atoms) has reduced the R values 
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to 0.064 for (I) and 0.055 for (11). In (11) the two molecules 
in the crystallographically independent unit are almost 
exact enantiomers. The approximate molecular symmetry 
of (I) and (11) is C,, but the molecules in the two crystals are 
oriented quite differently, a fact which is reflected in the 
non-equivalent unit-cell dimensions. Thus, while (I) and 
(11) have somewhat similar molecular structures, the crystal 
structures are entirely different, and the succinimide is not 
a proper diamagnetic host for the free radical nitronyl- 
nitroxide. 

Some bond lengths and angles averaged over the two 
independent molecules in each crystal are shown in the 
Figure. In neither the succinimide nor the nitronyl- 
nitroxide are the five-membered rings planar. The tetra- 
methylethylene group is twisted out of the plane of the 
five-atom wsystem [O(l>-N(l)-C(7)-N(2)-0(2) and O(1)- 

C(7)-N(l)-C(lO)-O(Z)] about the molecular axis by cu. 1 9 O ,  
thus staggering the methyl groups relative to  one another in 
order to relieve steric repulsion. 

The most striking difference between the two molecules is 
in the dihedral angle between the phenyl ring and the plane 
of the five-membered rsystem [29O in (I), 71" in (II)]. It 
is not clear how this difference is apportioned between 
crystal-packing effects and molecular-electronic effects, 
since few observations have been made in equivalent 
systems; a dihedral angle of 60" has been measured in 
N-(4-bromo-phenyl)succinimide.6 

We thank Professors G. R. Newkome and J. H. Wharton 
for crystalline samples and helpful discussions, and Pro- 
fessor 1,. Trefonas for use of his equipment. 
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