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Isotriazene: A Surprisingly Stable Minimum on the structure is a minimum on the surface. At the SCF level the

NzH3 Surface optimum isotriazene structure is lower in energy than looth
triimide (6) andc,t-triaziridine ). The optimum structure at

Edward A. Salter the MBPT(2) level has an energy above that@ftriimide but

Chemistry Department, Spring Hill College  still below that ofc,t-triaziridine. Calculations at higher levels

Mobile, Alabama 36608 of theory using the MBPT(2) structures show that isotriazene
is 10-12 kcal/mol lower in energy thant-triaziridine. These
Ryan Z. Hinrichs and Carl Salter* calculations were performed with Gaussian®92.
Chemistry Department, Moréan College Because isotriazene is such an unusual structure, we carried

Bethlehem, Pennsynia 18018 out additional tests to be sure that it is a real feature of the

. N3H3 surface: (1) A UHF/DZP optimization led to the same
Receied October 11, 1994 structure with the same energy. (2) The stability of the wave

In the course of a reinvestigation of thet energy surface  function was tested using single-excitation configuration interac-
to find transition states and reaction intermediates, we have tion (stability test available in Gaussian $2)the wave function
discovered an unusual molecule that has a hypervalent nitrogerivas found to be stable with respect to perturbations from excited
atom and a hypovalent nitrogen atom, yet has an energy lowerconfigurations. (3) Using Gaussian®#otriazene was opti-
than some of the isomers reported in earlier investigations. Mized and vibrationally analyzed at the MBPT(2) level of theory
Isotriazene 1) has been optimized at the SCF, MBPT(2), and (frozen core) using a 6-3#iG (2df,2pd) basis set. The
CCSD(T) levels of theory; at each level the energy of isotriazene OPtimum structure is very close to that of MBPT(2)/DZP, and

is lower than the energy of the triaziridines, which are ring the vibrational analysis yielded frequencies and intensities
molecules on the M5 surface. consistent with those obtained using MBPT(2)/DZP. We

conclude that the DZP basis set we have used extensively in
our exploration of the jH3 surface is adequate for isotriazene.
This calculation also supports the use of MBPT(2) for our study,
because correlated calculations employing triplbasis sets
such as this one are known to recover more correlation than
smaller basis sefs.(4) Just as we have done previously for
t,t-triimide (ref 2), we carried out a GVB optimization of
isotriazene using the DZP basis set to assess the contribution
of the lowest excited singlet configuration. Our GVB calcula-
tion yielded Cl-like coefficients of 0.9837 for the ground state
configuration and-0.1797 for the excited configuration, leading

to orbital occupancies of 1.935 and 0.065, respectively. This
result indicates that there is very little contribution from the
excited singlet configuration. We conclude that a single
determinant wave function is a good model for isotriazene, and
our correlation calculations based on the single determinant
wave function are reliable. (5) Using Gaussian 94 isotriazene
has been optimized at the CCSD(T) level of theory using the
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In 1984 Nguyen, Kaneti, Hoesch, and Dreiding carried out
anab initio investigation of the M3 energy surface at the SCF
level using the split valence basis sets 3-21G and 6-31G; they
found seven minima on the surfateThese seven minima can
be divided into three subsets: the triaziridines (or cyclotria-
zanes), cyclic (NH, which appear as either thogs,trans(c,t)
isomer @) or the less stable,c isomer @); the azimines or
triimides, open-chain (NH) which exist as three diastereomers,
t,t (4), c,t(5), andc,c(6); and the triazenes, HNNNH,, which
occur as either the(7) or c isomer @) about the =N bond.

) H DZP basis set. The structure obtained is virtually the same as
N EY /N' u that obtained using the MBPT(2)/DZP model; therefore, we
fN\\N’ "\ conclude that there is no significant contribution from static
Y - : correlation effects. These results demonstrate that isotriazene
L o I is a real molecular form of MH; and not a numerical artifact
VN TN NGNS of inadequate theoretical investigation.
Ho,oH o m . Table 1 contains the optimized internal coordinates of
. isotriazene. The amino group contains a typical pyramidal, sp
H\N/\NH N N nitrogen atom and is rotated to a position such that one hydrogen
: b ’ is nearly in the Nplane. As a result, the other amino hydrogen

is nearly perpendicular to thesNlane, so isotriazene has no

In 1988 we reported results of investigations on five of these Plane of symmetry and could exist as a pair of enantiomers.
seven isomers at the SCF, MBPT(2), MBPT(4), and C&SD (3) Coupled cluster calculation with single and double excitations, with

T(CCSD) levels of theory using polarized basis Setll these noniterative inclusion of triple excitations. Pople, J. A.; Head-Gordon, M.;
investigations indicate that the triazenes are the most stableRaghavachari, KJ. Chem Phys 1987 87, 5968.

e N (4) Frisch, M. J.; Trucks, G. W.; Head-Gordon, M.; Gill, P. M. M.; Wong,
structures, followed by the triimides and then the triaziridines. M. W.; Foresman. J. B.. Johnson, B. G.. Schiegel, H. B.: Robb, M. A.:

Recently we investigated the surface for transition states in replogle, E. S.; Comperts, R.; Andres, J. L.; Raghavachari, K.; Binkley, J.
an effort to sort out the reactions that convert one isomer to S.; Gonzalez, C.; Marin, R. L.; Fox, D. J.; DeFrees, D. J.; Baker, J.; Stewart,

; ; . J. P.; Pople, J. AGAUSSIAN 92Gaussian Inc: Pittsburgh, PA, 1992.
anOth.er' We .Stumble(.j upon the !Somazen? structure and were’ (5) Test for real instabilities in the determinant of the wave function
surprised to find that its electronic energy is less than that of ysing CIS. Seeger, S.; Pople, J. A.Chem Phys 1977, 66, 3045.

c,ttriaziridine @). Isotriazene has been optimized at the SCF,  (6) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.; Johnson,
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. . . Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski, V.
set we used in our earlier study; at these levels a completeg: Oriz, 3 V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;

vibrational analysis has been carried out to be sure that theNanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
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Table 1. Optimum Geometries and Electronic Energies of
Isotriazené

bond distances (A) and bond angles (deg)

bond or angle SCF MBPT(2) CCSD(T)
N1—-N2 1.1955 1.1966 1.2076
N2—N3 1.4182 1.4727 1.4863
N2—H4 1.0141 1.0457 1.0430
N3—H5 1.0042 1.0239 1.0254
N3—H6 1.0053 1.0240 1.0259
O(N1IN2N3) 126.0 127.1 126.8
O(HAN2N1) 123.8 126.8 126.6
O(HAN2N3) 110.0 105.9 106.4
O(H5N3N2) 105.4 102.7 102.6
O(HBN3N2) 107.9 105.9 105.7
O(H5N3H6) 107.9 107.1 106.7
O(H5N3N2N1) 8.41 —8.61 —8.50
O(HB6N3N2N1) —106.0 —120.9 —120.1
O(HAN3N2N1) 175.1 175.2 174.6
N1—N3 dist 2.3313 2.3930 2.4115
H4—H5 dist 2.7882 2.8205 2.8315

2.86 3.22

—165.01469 —165.54864 —165.59614

aDZP basis set.” Dipole moment (Debyef. Energy (au).

We attempted &-symmetry locked optimization of isotriazene
in which the amino group is rotated down to straddle the N
plane and away from H4. At the SCF/DZP level thg
symmetric structure we found is in fact a transition state: its
energy is just 0.6 kcal/mol higher than that of the optimum
isotriazene structure. Thus there is virtually no barrier to
rotation around the NN bond, so isotriazene can easily
interconvert between its two enantiomeric forms.

The geometry of isotriazene is remarkably different from that
of t-triazene 7). To promote overlap between the unshared
pair of electrons on the amino group and thaystem of the
N=N bond, t-triazene’s amino group has a flat,2spitrogen
atom; as a result:triazene is nearly plandr.In contrast, the
amino group in isotriazene is pyramidal, like an aliphatic amine,
and isotriazene is far from planar. This significant structural

Communications to the Editor

(2), 1.49 D. The large charge separation and dipole moment
indicate that isotriazene’s electronic structure is less stable than
c,ttriaziridine’s, which makes the lower total energy of iso-
triazene surprising. Two receab initio investigations of the
strain energy of small-ring molecules calculattriaziridine’s
strain energy at roughly 381 kcal/mo? (which is slightly
larger than the strain energy of cyclopropane;-28 kcal/mol).
Given isotriazene’s unusual electronic structure, it would be
reasonable to assume that the relative stability of isotriazene
compared to triaziridine must be due to relief of steric strain.

The structure of isotriazene suggests two possible intramo-
lecular reactions: (1) conversion tetriazene {) by a 1,2
hydrogen shift in which H4 moves to N1 and (2) a fragmentation
to ammonia and nitrogen if H4 moves to the N3 amino group.
We have located transition states on th#ipNsurface that we
can tentatively assign to these two reactions: at the MBPT(2)
level with zero-point energy correction the barrier heights for
these reactions are 42 and 11 kcal/mol, respectively.

We have been unable to locate any earlier work, theoretical
or experimental, on isotriazene, although Nguyral! did
speculate about the possibility of a “structure such as
...HbN—NH*=N"." Nor have we uncovered a synthesis of an
organic derivative of isotriazene. Organic derivatives of both
¢t andc,ctriaziridine have been synthesized and isoldfed,
and triaziridine itself has probably been synthesized inside a
silver-exchanged zeolité,so it is reasonable to speculate on
the possibility of synthesizing derivatives of the more stable
isotriazene. Substituents at N2 with appropriate electron-
donating ability might be able to stabilize the charge on N2
and block the fragmentation reactions mentioned above. Aryl
substituents on the amino group might be able to create overlap
into the N=N bond. Either of these two effects could enhance
the electronic stability of the compound, permitting synthesis
and isolation. The chemistry of a substituted isotriazene, with
its negatively charged and probably very nucleophilic nitrogen
atom, could be exciting.
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Isotriazene has a large charge separation across its doublgA943321H

bond. A Mulliken population analysis on the MBPT(2)/DZP
structure reveals &0.280 charge on N1 and-80.230 charge
on N2 (charges of attached hydrogens summed into nitroge
charges). Isotriazene’s dipole moment is 3.22 D (MBPT(2)/
DZP), twice as large as the dipole momentcgiftriaziridine
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