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"ISONITRAMINES": NITROSOHYDROXYLAMINES OR HYDROXYDIAZENIUM OXIDES? 
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Summary: In the crystalline state and in solution isonitramines are hydroxydiazenium oxides. 

It is generally accepted today' that isonitramines2 must be described by the nitrosohydroxyl- 

amine structure 1 3 rather than the isomeric hydroxydiazenium oxide structure 24: - - 
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We now present evidence5 

2b: R = cyclohexy17, 2c: R : - - 

-L .’ . 0 - 

that three isonitramines investigated by us (2a: R I pheny16, - 

cis - 4 - - methylcyclohexy18) correspond to structure 2- -. 
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This structural assignment is based on X-ray structure analyses performed with single cry- 

stals of 2a and 2c and on UV and "C NMR spectroscopic data obtained from solutionsof 2b and 2c - - - -* 

X-ray structure analyses of 2 and & 

X-ray intensity measurements' were performed with single crystals of 2a and 2c 
10 

cooled to - - 
-60 'Cl'. The structures were determined by direct methods, and all hydrogen atoms were located 

in difference maps 12. Refinement proceeded until R = 0.045 (2a) and R = 0.053 (2~3'~. The struc- - - 
tures found by these analyses 14 are shown in the Figure below. 

In both isonitramines all atoms of the N202H groups are coplanar. In & the dihedral angle 

between the aromatic ring and the substituent ("best planes") was found to be 3.4'. The cis - - 
l,4 disubstituted cyclohexane derivative 2c is fixed in the (la, 4e) - conformation. - 

2 and & both have N(1) - N(2) double bonds. The N(2) - O(2) bondsI are considerably longer 

than the N(1) - O(1) bonds. Similar bond patterns were found in the diazeniumdioxy tosylate 2 16 

by X-ray structure analysis5: 

N(l) - N(2): 125.6 pm 

N(2) - O(2): 141.3 pm 

N(l) - O(1): 123.5 pm 
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Figure: 2a and 2c with relevant bond distances and bond angles -- 

These findings rule out the nitrosohydroxylamine structure 1. They prove that the isonitra 

mines 2a and 2c exist as (Z) -- - configurated hydroxydiazenium oxides in the solid state. 

UV and l3 C NMR spectroscopic analyses of 2b and C - 

For structure correlations by UV and 13C NMR spectroscopy the O-methyl derivatives of 2b - 

(A and 5) and of & (a and 1) were preparedt7: 
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UV spectral8 of solutions of 2b and 2 (in cyclohexane, - diethylether, acetonitrile, etha- 

nol), and of f! and 5 are similar and shown-jabsorption bands only (see Table). 

IC-rr*UV bands n-n’UV bands “C NM cbeaical shifts (pp~) 

coapounds A, (o*) E, +a) E, ring carbon atoas C-aethyl O-aethyl 

C(1) C(2.6) c(3.5) c(4) 
2b 

s 

220.5 7200 - - 

234.8 9180 

351.9 

- 71.1 72.5 30.1 10.6 24.4 24.7 25.2 25.0 

- 

- 6i.2 

5 235.8 6050 71.4 25.2 25.3 - 63.5 
c 220.3 6360 - - 

:;: 

70:9 

g-9” 

30:o 

26.6 29.5 20.1 

6 235.2 

(235.4) ,9 

8700 

(354.5)‘9 

- 26.6 28.7 19.5 60.1 

1 62.3 30.5 26.9 29.3 19.6 62.9 

, 
Table: Spectroscopic data of 2b and 2c and their O-methyl derivatives 

UV: ethanol solutions; 73 - 
C NMR: benzene solutions, shifts relative to internal TMS 
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5 and 1 exhibit the n-A* bands of the N-nitroso groups 
20 . 

in addition to then-n-bands. Ana- 

logous observations have been made with methylene diisonitramine (Traube's compound21 and its 

O-methyl derivatives 
21,22 . 

The absence of n-m-bands in the UV spectra of isonitramines has been tentatively attri- 

buted to intramolecular 
21 

and/or intermolecular 23 hydrogen bonding in _I_. Since structure 2 would - 

also fit the UV data 13 C NMR spectra 
24 

were taken in order to obtain additional information. 

As follows from the Table the same two groups of compounds found by UV spectroscopy are also 

observed by 13 C NMR spectroscopy: The resonance signals of the N substituted ring carbon atoms 

C(1) of the isonrtramines 2b and 2c occur close to the corresponding signals of the diazenium- - - 

dioxy compounds f! and 2, respectively. In contrast, the signals of C(1) of the nitrosohydroxyl- 

amines 2 and 1 are considerably displaced to higher fields. 

The small differences in shift (1.6 to 1.9 ppm) between the cyclohexyl derivatives 2, 4 - 
and 6 and the corresponding cis - 4 - - methylcyclohexyl homologs can be explained in terms of a 

significant contribution of the (la, 4e)- conformer in the conformer equilibrium 25 of the latter 
13 
C NMR spectra of 2b and 2c exhibit narrow lines when taken at room temperature (methanol solu- -- 

tions). When measurements are performed at -70 OC line broadening is observed in the spectrum 

of 2c only. Since freezing of the tautomer equilibrium 1 f 2 should occur with both isonitra- - - - 
mines the observed line broadening must be attributed to freezing of a conformer equilibrium 26 

(le, 4a) = (la, 4e). 

We conclude that the UV and "C NMR data of the two isonitramines investigated in solution 

are both compatible with the hydroxydiazenium oxide structures 2b and 2c. - - 
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