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Introduction

Eq. (1) shows the final step in a synthetic route to ammonium dinitramide:

I I + _
CH;—O0—C—N(NOp), —,  C,H;~0—C—NH, + NH,N@NO,j; M

1 2

In this work, we have addressed two questions:
(1) Is there any evidence to indicate that 1 may actually be in the ionic form 1B?

C,H;—O0—C=0" N(NO,), 1B

(2) Does eq. (1) proceed through the tetrahedral intermediate (or transition state) 3, oris it a
concerted substitution (Ingold mechanism) which goes through the transition state 4, with
N(NO32), being the leaving group?

o-
I il
C2H5 _O"'(l:_N(NO2)2 C2H5 —O—Q""N(Noz)z
*NH, :
NH,
3 4

Methods

All geometries were optimized at the ab initio HF/6-31G* level, using the GAUSSIAN 92
code [1]. The HF/6-31G* vibration frequencies were calculated for each structure, in order to
determine whether it corresponds to a local energy minimum (zero imaginary frequencies) or to a
transition state (one imaginary frequency).

Results and Discussi

Figure 1 shows our computed structure for 1. It has no imaginary frequencies, confirming
that it corresponds to an energy minimum. The C=0 and C-N(NO»), distances are quite
reasonable for these types of bonds at the HF/6-31G* computational level [2], and do not support




the idea that 1 may be in the form 1B, for which one would anticipate an anomalously short C=0
bond and long C-N(NO),. Furthermore, when we attempted to compute an optimized geometry
for the cationic portion of 1B, treating it as a separate entity, it broke up into CO; and CoHs*.

Our calculated structure for the transition state in eq. (1), formed by allowing NH3 to
interact with the central carbon in 1, is given in Figure 2. It is indeed a transition state (not an
intermediate), with one imaginary frequency corresponding to a vibrational mode involving the
C-NH3 and C-N(NO;); bonds. The bond angles around the central carbon are 100.6, 102.4,
117.0 and 125.1 degrees; these indicate a significant deviation from tetrahedral symmetry, for
which they would all be 109.5°. In addition, the C=O distance (1.201 A) is only 0.027 A longer
than in 1 and is quite compatible with this still being a double bond, whereas structure 3 suggests a
single bond. On the other hand, the C~-N(NO5); bond length has increased to 1.660 A, compared
to 1.450 A in 1. The C-NHj distance is almost as great, 1.615 A. All of these results indicate
that structure 4 is a better representation of the transition state than is 3, despite many examples of
nucleophilic interactions with carboxyl derivatives proceeding by tetrahedral mechanisms {3,4].

An interesting feature of the transition state is a hydrogen bond between an ammonia
hydrogen (H31) and a nitro oxygen (Oo), as indicated by the dashed line in Figure 2. The
Hy;~Og distance is 2.093 A. For that nitro group, the N-NO, distance is 1.366 A, which is less
than the 1.414 A - 1.423 A range of the other N-NO; bonds in 1 and 4. As the incipient C-NHj
bond becomes shorter and stronger, H; may migrate to Og, forming an isomer of dinitraminic
acid which could subsequently react with a second NH3 to give the product, ammonium
dinitramide (2).
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