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Abstract: A theoretical study has been performed for the thermal rearrangements connecting nitromethane, methyl nitrite,
nitrosomethanol, and aci-nitromethane by using the 6-31G* basis set to optimize geometries and introducing correlation at
the MP2 level. The lowest calculated rearrangement pathways from nitromethane are’to methyl nitrite (AH* = 73.5 kcal /mol)
and aci-nitromethane (AH* = 75.0 keal/mol). Nitrosomethanol, although predicted to be only 1.6 kcal/mol less stable. is
separated by two high barriers from nitromethane. An elimination transition structure connecting methyl nitrite and formaldehyde
plus nitroxyl is found to have an enthalpic barrier of 44.1 kcal/mol. Fragmentation reactions have enthalpies of reaction less
than calculated barrier heights, suggesting that concerted rearrangements on the CH;NO, surface in general will not be observed.

The photodecompositions of nitromethane!~® and methyl ni-
trite!'%18 have received considerable attention as model systems
for studies in propellant ignition, combustion, and atmosphere
pollution. Characterization of the above compounds and their
decomposition products has included techniques such as micro-
wave,'®1920 electron impact,?! and NMR .22 The threshold for
photolysis of nitromethane is determined to be 86.6 kcal/mol (330
nm),! slightly higher than the threshold for methy! nitrite which
is 77.3 kcal/mol (370 nm).! Identification of initial reaction
products is difficult since any radicals produced may rapidly
undergo secondary reactions. Photolysis of nitromethane can
produce cis- and trans-CH;ONO as shown in eq 1-3 where re-
action 2 is predicted to very rapid.?

CH,NO, + hv — CH, + NO, (1)
CH, + NO, — CH,0 + NO @)
CH,0 + NO — CH,0ONO (3)
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The pyrolysis of nitromethane and methyl nitrite is generally
regarded to occur by an initial bond rupture (eq 4 and 5).

CH,NO, — CH; + NO, (4)
CH,ONO — CH,0 + NO (5)

Secondary reactions of these radicals can then account for a variety
of products (eq 6-9).

CH,0 + NO — H,C=0 + HNO (6)
2HNO — H,0 + N,0 )
CH, + CH;NO, — CH, + CH,NO, (8)

CH;NO, + CH,NO, — CH,NO, + CH,N(0)OH (9)

The known decomposition—-recombination mechanism of ni-
tromethane places a lower limit on the enthalpy of activation for
the umimolecular rearrangement in eq 10 which must be higher

CH,NO, — CH;ONO (10)

than the strength of a C—N bond (58.5 kcal/mol") since this would
be the enthalpy of activation for the formation of the radicals CH,
and NO,. Similarity the barrier for eq 11 must be higher than

CH,0NO — CH;NO, (11)

the strength of the central N-O bond which is found! to be 41.2
kcal/mol. The goal of this article is to provide an accurate
description of the concerted thermal rearrangement barriers.
While the initial step is generally acknowledged to be radical
formation it is possible that the later observed products (or
unobserved products) are due to unimolecular rearrangements.
Indeed, a unimolecular elimination process has been proposed!
involving a cyclic transition structure (eq 12).
H2C—0
r 7
CH3ONO — L
H N—O
In a related area, the reactions of the metal ion Co* with
CH;NO, and CH;ONO have generated a rich field for chemical
investigation.?* Reaction pathways begin with the probable
coordination of Co* to an oxygen followed by possible concerted
rearrangement to a number of different products. It seems likely
that the metal assists in the initial nitro-to-nitrite isomerization.
If so, the concerted rearrangement surface in the absence of a
metal ion would be valuable in interpreting results.
Previous theoretical calculations on nitromethane and methyl
nitrite have been performed to study such aspects as the multi-
configurational nature of the ground state,>>?’ the relative stability

—= CH2=0 + HNO 12)
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Table I. Total Energies (-hartrees) and Zero Poin1 Energies (kcal/mol) of Various Species on 1he CH;NO, Poteniial Energy Surface’

mol/elec 3-21G// 6-31G//  6-31G*// MP2/6-31G%// MP2/6-31G**// ZPE/6-
molecule symmetry 321G 6-31G* 6-31G* 6-31G* 6-31G* ZPE/3-21G*  31G*

1 CH;NO, G 242.25586  243.52338 243.66199 243.996 77 244.33794 32.58 (0) 34.25 (0)
2 CH;NO, C 242.25585  243.52336 243.66198 243.996 76 244.33792 32.55 (1) 34.21 (1)
3 CH,;ONO C 24228034  243.52787 243.66571 243.98381 244.327 24 33,13 ()
4 CH,;ONO C 24228077  243.52793  243.66631 24398274 244.326 60 32.23 (0)
5 CH,ONO C 24228265  243.52593  243.66420 243.983 18 24432774 33.29 ()
6 CH,ONO C; 24228636  243.52876  243.668 64 243.98557 24433148 33.69 (0)
7 CH;ONO C, 24227064  243.51325 243.65028 243.96542 24430781 31.79 (1) 3278 (1)
8 CH;N(O)OH C 242.2554] 243.506 88 243.62962 243.96490 244.30277 32.99 (0)
9 CH,N(O)OH C 242.23161 243.48696  243.613 50 243.95030 244.289 88 33.58 (0)
10 CH,N(O)OH C 242.13350  243.37710 243.52282 243.838 10 244.189 18 3ILT7L ()
11  CH,(OH)NO C 24229968  243.55289  243.681 85 24399480 244.33398 32.29 (0) 33.40 (1)
12 CH,(OH)NO Cs 242.29340  243.54983 243.67621 255.99106 244.326 44 31.70 (1) 32.99 (1)
13 CH,(OH)NO C 243.55328 243.68193 243.99507 244.33374 33.58 (0)
14 CH,(OH)NO C; 242,28899  243.54617 243.67387 243.98715 24432428 33.29 (0)
15 CH,(OH)NO C 242.28870  243.54570 243.67387 24398674 24432346 33.03 (1)
16 CH,(OH)NO G, 243.54630 243.67379 243.98728 24432421 33.14 (1)
17 CH,(OH)NO (e 24354029  243.66778 243.98171 24431836 33.12 (2)
18 CH,0ONOH C, 242.25304  243.48146 243.62372 243928 10 244,288 06 34.13 (0)
19 TS, G, 242127554 24336756 243.48683 243.82386 244.15971 30.00 (1) 30.74 (1)
20 TS, & 242.14262  243.38520 243.50818 243.860 64 24419951 3034 (1) 31.80 (1)
21 TS, C, 242.14369¢ 243.40122 243.53194 243.881 58 244.21624 30.32 (1) 3139 ()
22 SS/ C, 242.13894  243.38550 243.52735 243.861 80 24421117 27.95 (1) 29.66 (2)
23 TSY C 242.16278% 243.408 10 243.54919 24391816 244.253 19 28.10 (1) 28.62 (1)
24 NO, + CH, Ay A 243.59048 244.23261 25.61 (0)
25 HNO + H,C=0 A’ A, 243.65240 24429691 28.40 (0)
26 CH,;NO, +H B, S 243.52805 244.17582 24.41 (0)
27 NO + OCH;, 1, 24 243.668 50 244.25548 27.48 (1)
28 H,0 + HNCO 1A, 1A, 24377213 244.42684 28.72 (0)
29 H,0 + HCNO 1A, 1ZF 243.64118 244.318 56 28.85 (0)
30 ONOH + CH, AL 1A, 243.51231 244,141 84 25.80 (0)

4Frozen core approximation. #All orbitals included in correlalion treatmeni. “Number of negalive vibrational frequencies is given in pareniheses.
4 A stationary point of C; symmetry 46.3 kcal/mol less stable was located and found to have 1wo imaginary frequencies. €A stationary poini of C
symmelry 3.0 kcal/mol less stable was located and found to have two imaginary frequencies. /Super Saddle point. #A sialionary poin of C,
symmetry 1.5 kecal/mol less stable was located and found 10 have two imaginary frequencies. ”Elecironic stale symmelries of fragments.
‘Calculations at all levels are at 6-31G* optimized geomelries except those reported at 1the 3-21G level, which are oplimized a1 1hat level.

of the aci forms,? conformational stabilities in methyl nitrite,?
charge distributions,’® and vibrational frequencies.’! Also, a
MNDO study of rearrangements in 1-nitropropene has been re-
ported.??

The most thorough study of thermolysis of molecules containing
NO, groups is a recent MINDO/3 study by Dewar and co-
workers.>  Their use of MINDO/3 rather than MNDO is
surprising since the latter method is normally better suited for
systems containing adjacent lone pairs. If the experimental heat
of formation is used for NO,, the C-N bond energy of CH;NO,
is well reproduced?® (caled 59.5; obsd 60.0 kcal/mol) as well as
the O-N bond energy in CH;ONO (caled 40.4; obsd 42.1
kcal/mol). However, their reported barriers for the nitromethane
to methyl nitrite rearrangement (47.0 kcal/mol) and methy] nitrite
decomposition to formaldehyde plus nitroxyl (32.4 kcal/mol) are
much lower than those found in the present study. Since the
rearrangement barriers they calculated are smaller than the C-N
bond energy in the CH;NO, — CH;ONO reaction and smaller
than the O-N bond energy in the CH;ONO — O=CH, + HNO
reaction, they conclude that the concerted rearrangement will be
favored over (or competitive with) simple bond fission. In the
present study, rearrangements are predicted to have barriers higher

than bond energies which leads to the conclusion that the reactions
must be either bimolecular or proceed by initial bond cleavage.

In addition to determining rearrangement barriers, the present
study will be undertaken to analyze several rotamers of stable
species on the CH;NO, potential energy surface. Since a major
goal of theoretical chemistry is to provide data to the experi-
mentalist that is otherwise difficult to obtain, a comparison of the
relative energies of the rotamers will aid in interpreting microwave
data. An analysis of the vibrational frequencies of several
CH;NO, species will follow in a separate article.

Methods

All calculalions have been made by using 1he GAUSSIAN 82 program
system.’* Geomelries have been optimized by using the 3-21G and 1he
6-31G* basis sets. By using the 6-31G* geomelries, 1he polarizalion
increment (6-31G*) and correlation increment (MP2/6-31G) slarling
from 1he 6-31G basis set have been made in order to deiermine relalive
energies a1 the additivily level ((MP2/6-31G*]). The addilivity ap-
proximaltion (eq |3) has been 1ested and shown 10 yield relalive encrgies

AE[MP2/6-31G*] =
AE(MP2/6-31G) + AE(HF /6-31G*) - AE(HF /6-31G) (13)

normally within 5 keal/mol of those from the full basis se1.*® Despile

(27) Chabalowski, C.; Hariharan, P. C.; Kaufman, J. J. Int. J. Quantum
Chem. 1983, 17, 643-644.

(28) Murrell, J. N.; Vidal, B.; Guesi, M. F. J. Chem. Soc., Faraday Trans.
19758, 2, 1577-1582.

(29) Cordell, F. R.; Boggs, J. E.; Skancke, A. J. Mol. Struct. 1980, 64,
57-65.

(30) Ritchie, J. P. J. Am. Chem. Soc. 1985, 107, 1825-1837.

(31) McKee, M. L. J. Am. Chem. Soc. 1985, 107, 1900-1904. The cal-
culated MNDO isotope frequency shifts were incorrectly reporied in 1his paper
for 1he by and b; modes of CD,NO,. The correct shifts for the b; modes are
~133 and -34 cm’!, while for the b, modes the correct shifis are -878, -2,
-235, and -45 cm™'.

(32) Turner, A. G; Davis, L. P. J. Am. Chem. Soc. 1984, 106, 5447-5451.

(33) Dewar, M. J. S.; Ritchie, J. P.; Alster, J. J. Org. Chem. 1985, 50,
1031-1036.

(34) Referecnes to basis sets used are collected here. The program package
GAUSSIAN 82 was used throughout. Carnegie-Mellon University: Binkley, J.
S.; Frisch, M.; Raghavachari, K.; Fluder, E.; Seeger, R.; Pople, J. A. 3-21G
basis: Binkley, J. S.; Pople, J. A.; Hehre, W. J. J. Am. Chem. Soc. 1980, 102,
939. 6-31G basis: Hehre, W. J.; Diichfield, R.; Pople, J. A. J. Chem. Phys.
1972, 56, 2257. 6-31G* basis: Hariharan, P. C.; Pople, . A. Theor. Chim.
Acta 1973, 28, 213. Gordon, M. S. Chem. Phys. Lett. 1980, 76, 163. Francl,
M. M.; Pietro, W. I.; Hehre, W. J; Binkley, J. S.; Gordon, M. S.; Defrees,
D. J.; Pople, J. A. J. Chem. Phys. 1977, 77, 3654. MP2 correlation treatment:
Moller, C.; Plessel, M. S. Phys. Rev. 1934, 45, 618. Pople, J. A.; Binkley,
J. S.; Seeger, R. Int. J. Quantum Chem., Symp. 1979, 13, 225.

(35) McKee, M. L,; Lipscomb, W. N. J. Am. Chem. Soc. 1981, 103,
4673-4676. Nobes, R. H.; Bouma, W. J.. Radom, L. Chem. Phys. Lett. 1982,
89, 497-500. McKee, M. L.; Lipscomb, W. N. Inorg. Chem. 1985, 24,
762-764.
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Figure 1. Geometric parameters of relevant species on the CH3;NO,; potential energy surface at the 3-21G and 6-31G* levels. Values at the 3-21G

level are in parentheses.

its general success, in the presenl application the additivity approximation

and calculate zero point corrections.

Total energies (hartrees) of all

is found not 10 be accurate due to the multiconfigurational nature of the
CH;NO, surface.*

Vibrational frequencies are calculated analytically by using the CPHF
method at the 6-31G* and 3-21G levels to characterize stationary points

(36) A limitation of the method is also found for open shell systems in
which the correct spin-squared value is not obtained. McKee, M. L. J. Phys.
Chem. 1986, 90, 2335-2340.

species are presented in Table I, relative energies (kcal/mol) are pres-
ented in Table 1T, and relevant geometric daia are presented in Figure
|. Species notation used in Tables T and IT and Figure | are maintained
consistenily throughout.

The discussion of results will be divided into 1hree sections. Firsi, the
stable isomers and related conformers will be discussed. Nexi, results
for concerted rearrangements will be presented, and the origins of high
barriers will be analyzed. Lastly, possibly fragmentation palthways will
be explored from the perspeclive of reaclion enthalpies.
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6-31G// 6-31G*// MP2/6-31G//

[MP2/6-31G*]*// MP2/6-31G*// MP2/6-31G* + ZPC//
6-31G* 6-31G* 6-31G*

molecule 6-31G*  6-31G* 6-31G* exptl®
1 CH,NO, 0 0 0 0 0 0 0
2 CH;NO, 0.01 0.01 0.01 0.01 0.01 -0.03
3 CH,ONO -2.82 -2.33 8.13 8.62 6.71 5.59
4 CH,ONO -2.85 -2.71 8.80 8.94 7.12 6.10
5 CH,ONO -1.60 -1.39 8.53 8.74 6.40 5.44
6 CH,ONO -3.38 -4.17 7.03 6.24 4.05 3.49 2.3
7 CH,ONO 6.36 7.35 19.67 20.66 18.91 17.44 15.19¢
8 CH,N(O)OH 10.35 20.31 20.00 29.96 22.07 21.81
9 CH,N(O)OH 22.85 30.43 29.16 36.74 30.16 29.49
10 CH,N(O)OH 91.79 87.334 99.56 95.10 93.34¢ 90.80
11 CH,(OH)NO -18.52 -12.46 1.24 7.30 2.48 1.63
12 CH,(OH)NO -16.60 -8.92 3.58 11.26 7.22 5.96
13 CH,(OH)NO -18.76 -12.51 1.07 7.32 2.64 1.97
14 CH,(OH)NO -14.30 -7.45 6.04 12.89 8.57 7.61
15 CH,(OH)NO -14.00 -7.45 6.29 12.84 9.09 8.87
16 CH,(OH)NO -14.38 -7.40 5.95 12.93 8.62 7.51
17 CH,(OH)NO -10.61 -3.63 9.45 16.43 12.29 11.16
18 CH,ONOH 26.30 24.01 43.09 40.80 31.30 31.18
19 TS, 97.78 109.91 108.50 120.63 111.84 108.33
20 TS, 86.71 96.51 85.42 95.22 86.86 84.41
21 TS, 76.65 81.60 72.28 77.23 76.36 73.50
22 SS, 86.52 84.48 84.69 82.65 79.55 74.96
23 TS; 72.34 70.78 49.33 47.77 53.18 47.55¢
24 NO, + CH, 44.87 66.09 57.45 60.1 (58.5)
25 HNO + H,C=0 6.02 25.74 19.89 15.7
26 CH,NO,+ H 84.04 101.73 91.89 107.58
27 NO + OCH, -4,08 51.84 44,97 43.0 (43.5)
28 H,0 + HNCO -69.11 -55.78 -61.31 {-69.9]
29 H,0 + HCNO 13.06 12.16 4.94
30 ONOH + CH, 93.92 123.05 114.60 95.6"

“ Additivity approximation. (See text.) ®Unless otherwise noted enthalpies are from Benson, S. W. Thermochemical Kinetics, 2nd ed.; John Wiley:
New York, 1976. For purposes of comparing, the experimenial energies are compared relative to nitromethane, 1. “The experimental torsion barrier
(11.70 kcal/mol, ref 22b) is added to the calculated relative energy of the lowest conformation of CH;ONO (3.49 kcal/mol). A UHF/6-31G*
solution 10.96 kcal/mol lower in energy was obtained starling with singly occupied orbitals on carbon and nitrogen. However at the UMP2/6-31G*
level, 1his solution yields an energy 24.92 kcal/mol higher than the MP2/6-31G* energy. ¢The C, stationary point (two imaginary frequencies) for
elimination was 8.5 kcal/mol higher at the MP2/6-31G* + ZPC//6-31G* level. /Reference 1. #Reference 46 for heal of formation of CH,NO,.

" Heat of formation of CH,('A,) is taken as 96 kcal/mol.

6-31G% MP2,6-31G%+ ZPC

TS

TE

138 [ CE

LCS

Figure 2. Diagram of conformational stabilities (kcal/mol) of methyl
nitrite at the 6-31G* level (left) and at the MP2/6-31G* + ZPC level
(right). The average of the eclipsed and staggered methyl conformations
are given at the respective levels.

Conformational Surface

Nitromethane, CH;NOQO,. The two orientations of the methyl
group (staggered and eclipsed) are predicted to be very close in
energy which is in agreement with an unusually small observed
torsional barrier.!® A detailed analysis of theoretical results for
CH;NO, has been made’' and will not be repeated.

It is interesting to observe (Table IT) the close balance between
an attractive dominant barrier which would favor the eclipsed
conformer 2 and a repulsive dominant® barrier which would favor
the staggered conformer 1. The staggered conformer is predicted

(37) Allen, L. C. Chem. Phys. Lett. 1968, 2, 597-601.
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Figure 3. Two resonance forms of cis- and trans-aci-nitromerhane. The
cis form (internal hydrogen bond to oxygen) increases the contribution

of the resonance structure with 1the C=N double bond relative to the
1rans form.

/C

to be slightly more stable at all levels. However, inclusion of zero
point energy provides a slight advantage to the eclipsed conformer.
The calculated difference (0.03 kcal/mol) is not considered to be
reliable at this level of theory.

Methyl Nitrite, CH;ONO. The methyl rotational barriers of
cis and trans methyl nitrite are known to be substantially different.
The barrier in the cis conformer is 2.10 kcal/mol;!'® while in the
trans conformer, it is less than 0.30 kcal/mol (0.27 kcal/mol;'®
0.03 kcal/mol'®). On the basis of calculations at the 4-21G level
good agreement with the observed barriers is obtained;?® however,
higher level calculations performed here lead to a modified in-
terpretation. In Figure 3 data are presented on the left for results
at the 6-31G* level and on the right for results at the MP2/6-31G*
+ ZPC level. For clarity, the average of the staggered and eclipsed
methyl conformation for cis and for trans methyl nitrite (ab-
breviated CS, CE, TS, and TE) are presented. At the 6-31G*
level the average cis conformer (CS and CE) is 0.3 kcal/mol more
stable than the average of the trans conformer (TS and TE), and
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Table III. Methyl Group Tilt (deg) in CH;ONO Conformers at the
3-21G and 6-31G* Levels®

aq
Al
H(H‘\\\/‘uz
3-21G 6-31G*
o) - a; -
confrmtn  a; a, (o +2a3)/3 a;  (a + 203)/3
TEX3 109.8 1083 1.0 110.1 108.4 1.1
TS, 4 1050 110.7 -3.8 105.6 110.7 ~3.4
CE,§ 1106 1027 2.3 111.7 107.2 3.0
CS,6 1040 1106 -4.4 104.4 110.8 -4.3

4The direction of the methyl tilt is in every case away from the ni-
trogen. ?Denotes conformation of CH;ONO, trans- or cis-methyl ni-
trite and eclipsed or staggered methyl group.

this value is increased to 1.4 kcal/mol at the MP2/6-31G* + ZPC
level. The splitting due to methyl rotation in the cis conformer
decreases from 2.8 kcal/mol at the 6-31G* level to 2.0 kcal/mol
at the MP2/6-31G* + ZPC level. The latter value agrees well
with the experimental difference of 2.10 kcal/mol. The staggered
conformation (CS) is the most stable orientation at both levels.
It has been pointed out?® that this conformation allows a par-
ticularly favorable hyperconjugative interaction of the out-of-plane
CH, group with the N=O0 double bond. The present calculations
indicate however that this is not the dominant mode of stabilization
in the CS conformation.

In the trans conformer, the methyl group is predicted to be more
stable in a staggered (TS) orientation than an eclipsed (TE) by
0.3 kecal/mol. At the higher level of calculation (MP2/6-31G*
+ ZPC) the stabilities are reversed resulting in the eclipsed
orientation 0.5 kcal/mol more stable than the staggered.

In the cis and trans conformers, the eclipsed conformers (CE
and TE) are predicted to be stabilized relative to the staggered
(CS and TS) by 0.8 kcal/mol and 0.9 kcal/mol, respectively, when
correlation is introduced. The probable cause is due to an ov-
erestimation of hyperconjugation of the out-of-plane CH, group
with the N=0 double bond which involves the occupied CH;,
w-type orbital interacting with the empty =* C=N orbital. A
MCSCEF treatment would yield an appreciable occupation of the
m* C=N orbital which would reduce the amount of hypercon-
jugative stabilization. Similarly, the inclusion of correlation will
also have the effect of reducing hyperconjugation. Clearly the
energy difference in the TE and TS methyl orientation will be
very sensitive to the level of calculations. It is interesting, however,
that the most stable orientation of the methyl group is staggered
in the cis conformer and eclipsed in the trans conformer.

Another source of comparison among the various conformers
is the direction and degree of methyl group tilt.’®3° If hyper-
conjugation is important, the methyl group should tilt toward the
terminal oxygen or equivalently in the direction of increasing
overlap of the interacting orbitals. If the dominant interacting
orbitals are the empty 7* orbital of CH; and the occupied = orbital
of ONO (mostly on the oxygen adjacent to the methyl group),
the methyl group tilt should be in the direction that increases the
HCO angle of the unique hydrogen in the CS conformer (Figure
1f). The tilt angles given in Table IV indicate instead a tilt away
from nitrogen in order to reduce steric repulsion. Hyperconju-
gative effects may explain why the methyl tilt is not greater in
TE and CE compared to TS and CS since in the eclipsed orien-
tation steric repulsion might be thought to be larger.

Cordell et al. suggest?® that the TE conformer (Figure 1c¢) is
strongly stabilized by an attractive interaction between CH,
(unique hydrogen) and the lone pair on the nitrogen atom. Ev-
idence is taken from the small HC\N angle (4-21G, 104.7°). Such

(38) Radom, L. Structural Consequences of Hyperconjugation In Mo-
lecular Structure and Conformation, Czismadia, I. G., Ed.; Elsevier: New
York, 1982; pp 1-64.

(39) Radom, L,; Baker, J.; Gill, P. M. W_; Nobes, R. H.; Riggs, N. V.
THEOCHEM 1985, 126, 271-290.
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Table IV. Comparison of Mulliken Charges and Siructural
Parameters for ¢is-8 and trans-9 aci-Nitromethane at the 6-31G*
Level

cis-8 trans-9 trans—cis
Mullikan Charges (e”)
C -0.24 -0.30 -0.06
N 0.46 0.48 0.02
(o -0.61 -0.55 0.06
Bond Distances (A)
C-N 1.267 1.276 0.009
N-0O* 1.240 1.220 -0.020

4Singly coordinated oxygen.

an interpretation is not warranted from the present calculations
as evidenced from the much larger calculated H,CO angle (6-
31G*, 110.1°). In fact the close correspondence between the result
of Cordell et al. and the present work at the 3-21G level if the
TS and TE geometries of Cordell et al. are interchanged leads
the present author to suggest that their geometires have been
incorrectly assigned.

The average cis conformer is predicted to be more stable than
the average trans conformer by 1.4 kcal/mol. For comparison,
high level calculations of HONO predict#? that the cis conformer
is favored by 0.8 kcal/mol. Of the two methyl group orientations
in the cis conformer the staggered orientation is most easily ra-
tionalized by the reduction of steric crowding. The methyl ori-
entation in the trans conformer is sensitive to the level of calcu-
lation. Here, steric effects may be less important, or a coun-
terbalance of bond pair repulsion may exist. In this case hy-
perconjugation may be responsible for the preferred orientation.

A transition structure of C; symmetry (7, Figure 1g) connecting
the CS and TS conformers was located on the 3-21G and 6-31G*
potential energy surfaces. The barrier was calculated to be 14.0
kcal/mol at the MP2/6-31G* + ZPC level which compares well
with the observed??® barrier of 11.7 kcal/mol.

CH,N(O)OH aci-Nitromethane. Two conformers of aci-
nitromethane were investigated, the cis (8) and trans (9) con-
formers, where cis and trans indicate the relation of the hydroxyl
group relative to NO. Two resonance structures can be written
for each (Figure 3) which involve exchanging the position of the
double bond. The cis conformer is favored by 7.7 kcal/mol relative
to the trans due to stabilization from the internal hydrogen bond.
It is also seen that the cis conformer is dominated more by the
resonance structure containing a C=N bond (Figure 3a) com-
pared to the trans conformer. The Mulliken charges of C, N, and
O as well as the C=N and NO bond distances are compared for
both conformers in Table IV. The cis conformer is characterized
by a more negative oxygen, a more positive carbon, a shorter C=N
bond, and a longer NO bond compared to the trans conformer,
which point to a greater contribution from the resonance structure
on the left in Figure 3a in the cis conformer.

Murrell, Vidal, and Guest have reported®® calculations which
indicate that at the double-{ level and using assumed geometries
aci-nitromethane is more stable than nitromethane in contradiction
to observations. The present calculations correctly predict aci-
nitromethane to be less stable, and at the MP2/6-31G* + ZPC
level the difference is 21.8 kcal/mol. Aci-nitromethane has been
proposed as the first product in the protonation of the nitromethyl
anion which slowly rearranges to nitromethane, a pseudo acid.
The hydrogen migration in aci-nitromethane is predicted to have
a high barrier (vide infra) indicating that the concerted mechanism
is unlikely.

Nitrosomethanol, CH,(NO)OH. Until very recently the species
CH,(NO)OH was unknown.'®114 Several spectroscopic studies
have appeared for cis- and trans-nitrosomethanol, but the con-
formational potential energy surface is unexplored. The present
theoretical study may provide valuable information if a microwave
structure determination is attempted.

Four conformers of nitrosomethanol with C, symmetry have
been determined (11, 12, 14, and 15) as well as several with only

(40) Turner, A. G. J. Phys. Chem. 1985, 89, 4480-4483.
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Table V. Comparison of Conformation Energies (kcal/mol) for the
Nitrosomethanol Potential Energy Surface at the MP2/6-31G* +
ZPC and STO-3G Levels

confrmtn MP2/6-31G* + ZPC STO-3G#
cctn 0.0 0.0
CT, 12 4.3 2.9
TC, 14 6.0 2.9
TT, 15 7.2 4.5

aReference 14. ®Notation refers to OH orientalion relative to the
C-N bond (cis or trans) and to the O-C orientation relative to the
N=0 bond (cis or trans).

Figure 4. Poteniial energy surface of nitrosomethanol at the 6-31G* +
ZPC level. CC and CT are siable conformations while TC and TT
represent transition siruclures. In the perspective cube, the fronl and
back Minimum Energy Reaction Profiles correspond 10 rotation about
the C-O bond while the side profiles correspond 10 rotalion aboul 1he
C-N bond. A C; symmelry transition structure 11.2 kcal/mol less stable
than CH;NO, allows rearrangemeni of 1the CC and CT conformaiion.

C, symmetry. The relative energies of the nitrosomethanol
conformers are summarized in Table V along with calculations
at the STO-3G level'* which are quite successful in reproducing
the results at the higher level. The potential energy surface is
illustrated in Figure 4 which indicates two stable conformers 11
and 12 corresponding to syn, cis- and syn,trans-nitrosomethanol.
At the 6-31G* level, the syn-cis structure 11 is predicted to be
a transition structure to another structure 13 in which the OCNO
and HOCN dihedral angles are 9.5 and 26.5°, respectively. The
C, structure 13 is only 0.05 kcal/mol more stable than 11 at the
6-31G* level, and the stability is reversed at the MP2/6-31G*
+ ZPC level indicating that the unsymmetrical minimum 13
disappears at high levels of computation leaving 11 as the true
minimum. A similar discrepancy occurs for 14 which is predicted
at the 6-31G* level to be in a local minimum. The transition
structure 16 connecting 14 and 12 is only 0.05 kcal/mol higher
than 14 and is characterized by OCNO and HOCN dihedral
angles of 0.8 and 24.0°, respectively. At the MP2/6-31G* + ZPC
level the C; structure 14 is predicted to be less stable than the
transition structure suggesting that 14 should be a transition
structure rather than a minimum at the MP2/6-31G* + ZPC
level. These two situations are depicted in Figure 5.

In this regard, it is interesting to note a similar phenomenon*#!
found for the rotational barrier of NH,-NH,. The anti form is
found to lie in a very shallow local minimum (less than 0.1
kcal/mol barrier). In contrast to the present system, the barrier
was found to persist up to MP2/6-31G*//6-31G* albeit still in
a very shallow well.

Rotational barriers were determined around the C-O bond in
both the syn,cis 11 and syn,trans 12 conformers of nitrosomethanol
(Figure 4). The rotational barrier in 11 (11 — 14 — 11) is
expected and found to have a higher barrier than in 12 (12 —
15 — 12) (6.0 kcal/mol and 2.9 kcal/mol, respectively), since
in the former case an internal hydrogen bond is formed. However,
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Figure 5. The upper surface represents stalionary points characterized
by calculating force constants at the 6-31G* level. The dashed curve
gives the order of stabilities at the MP2/6-31G* + ZPC level and sug-
gests 1hat a qualitative change has taken place. In Figure 5a, the C;
transition structure 11 is predicted to be more stable than 13 at the higher
level while in Figure 5b, the C; minimum structure 14 is predicted to be
less siable than 16 at the higher level.

even in the trans conformer there will be some hydrogen bonding
to the nitrogen, and hence the 3.1 kcal/mol difference in the
rotational barrier will represent the lower limit to the strength
of the internal hydrogen bond. For a related molecule, nitroso-
methane, it has been determined experimentally*? that the lowest
energy conformation is an eclipsed methyl group with a rotational
barrier of 1.1 kcal/mol.

It is possible to selectively photoisomerize cis — trans or trans
— cis depending on the wavelength used.'®!":!* This indicates
that thermal isomerization of 11 — 12 must be slow at the tem-
perature of the experiment (20 K) since otherwise an identical
equilibrium would be reestablished. A barrier of 9.6 kcal/mol
is calculated for rotation around the C-N bond (11 — 17 — 12),
and a 5.2 kcal/mol barrier is calculated in the reverse direction
(12— 17— 11). At 20K, a 5.2 kcal/mol barrier is sufficient
to prevent rapid isomerization. It is to be noted that the force
constant matrix of 17, the stationary point interconverting 11 and
12, has two negative eigenvalues (Table I). The transition vector
of one negative eigenvalue corresponds to the expected rotation
of the nitroso group about the CN bond, while the second tran-
sition vector corresponds to a rotation of the hydroxyl group out
of the approximate HOCN plane. Since on two occasions, rotation
of the hydroxyl group about the CO bond has led to spurious
stationary points, a structure with one negative eigenvalue was
not located.

Rearrangements on the CH;NO, Surface

One of the questions being addressed here is whether any
concerted rearrangement barriers are competitive with radical
formation and recombination. Both photolysis and pyrolysis of
nitromethane are generally regarded to occur by an initial fission
of the C-N bond. However, in the photolysis of nitromethane,
the excited singlet might have time to rearrange to a geometry
on the product side of the thermal barrier such that decay to the
ground state will yield a rearrangement product.

Four rearrangement reactions and one elimination reaction will
be discussed with activation barriers in the range 44.1-108.3
kcal/mol (Figure 6) which are suggestive of forbidden reactions.
The orbital nature of the transition structure will be discussed
in order to analyze how unfavorable interactions are minimized.

CH;NO, — CH;0ONO. The concentrated barrier for CH;NO,
— CH;0NO is calculated to be 73.5 kcal/mol. If the barrier
to the radical pathway is assumed to be the same as the difference
in energy between nitromethane and CH, + NO,, the concerted
barrier is 16.0 kcal/mol higher than the radical pathway.

(41) Williams, J. O.; Scarsdale, J. N.; Schafer, L.; Geise, H. J. J. Mol.
Struct. 1981, 76, 11-28.

(42) Turner, P. H.; Cox, A. P. J. Chem. Soc., Faraday Trans. 2, 1978, 74,
533-559.
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Figure 6. MERP (Minimum Energy Reaction Profile) for various re-
arrangements on the CH;NO, potential energy surface. Reported en-
ergies (kcal/mol) are relative to 1 at the MP2/6-31G* + ZPC level.
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Figure 7. Diagram illustrating the transformation of ocn and oxygen lone
pair orbitals in CH;NO, to the nitrogen lone pair and o¢q orbitals in
CH,0ONO. The high barrier can be attributed to the destabilizing effect
of the oy orbital in the transition structure.

The higher barrier can be attributed to the forbidden character
of a 1,2 sigmatropic shift.** To illustrate which orbitals are
destabilized in the reaction, the two highest o orbitals (6-31G*)
of nitromethane (1), methyl nitrite (6), and the transition structure
21 for interconverting them are given in Figure 7. The oy orbital,
bonding in nitromethane, is antibonding in the transition structure
and is destabilized by 66 kcal/mol (2.87 eV) which is close to the
calculate barrier. Although many effects are responsible for a
barrier, it is sufficient here to consider the destabilization of one
orbital. The second 8 orbital is destabilized slightly (0.71 eV)
at the transition state but is later stabilized by a large amount
(2.61 eV) since this orbital becomes the C—O o bond.

A qualitative potential surface of the CH;NO, — CH,;0ONO
rearrangement is provided in Figure 8. It might be reasoned that
if the concerted pathway were higher than the radical pathway,
then the former would collapse to the latter. This is not the case
as the concerted transition structure (C, symmetry) has one im-
aginary frequency. Higher in energy than the transition structure,
a super saddle point must exist with two imaginary modes, one
corresponding to rearrangement and the other to dissociation to
radicals. It should be pointed out that in this study the transition

(43) Lehr, R. E.; Marchand, A. P. Orbital Symmetry, A Problem-Solving
Approach;, Academic Press: New York, 1972.
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Figure 8. Qualitative illustration of the concerted rearrangement of
CH;NO, — CH,0NO (the transition structure is marked along diago-
nal), the radical pair formation (moving from bottom right to bottom
left), and radical recombination (moving from bottom left to top left).
A ridge (shaded) separates the two pathways such that the concerted
transition structure, even though less stable than the radicals CH, and
NO,, is still a genuine transition structure.
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Figure 9. Diagram illustrating the transformation of the oxygen lone pair
and ocy bond orbitals in CH3;NO, to the wey and ooy bond orbitals in
CH,N(O)OH. The oxygen lone pair transforms into a carbon lone pair
if symmetry is maintained. When the CH, group is allowed to rotate,
the carbon lone pair forms the C==N bond.

structure and vibrational frequencies were calculated at the
HF/6-31G* level which cannot correctly describe the dissociation
process to radicals. It is possible that at a higher level of theory
or using a multiconfigurational approach the surface would be
altered sufficiently to make the super saddle point more stable
than the transition structure thereby eliminating the concerted
pathway.

CH;NO, — H,C=N(O)OH. The suprafacial 1,3 sigmatropic
rearrangement of hydrogen is thermally forbidden.*® An alternate
route (albeit also of high energy) is the transfer of the hydrogen
to a ¢ orbital rather than a = orbital. Such a transfer involves
the smooth transformation of one orbital from oy in nitromethane
to ooy in CH,=N(O)OH (Figure 9), The high barrier is as-
sociated with an oxygen loue pair orbital which is strong anti-
bonding in the transition structure. The oxygen lone pair is
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destabilized by 77 kcal/mol (3.34 V) in the transition structure
which is nearly the same as the barrier height (75.0 kcal/mol).
Comparing the barrier height for the hydrogen transfer for 22
with the relative energy of CH,NO, + H for 26, the concerted
mechanism is 16.9 kcal/mol lower in energy. When the vibrational
frequencies were calculated at the 6-31G* level, two imaginary
frequencies were obtained (17471 cm™ and 189i cm™). The
smaller imaginary frequency (indicating a CH, twisting motion)
was absent in the 3-21G vibrational frequencies. In contrast to
the 3-21G level, the 6-31G* level predicts a favorable rotation
in 22, allowing the interaction of the HOMO (carbon lone pair)
and the LUMO (nitrogen lone pair). The transition structure at
the 6-31G* level with one imaginary mode was not located.

H,C=N(0)OH — CH,0ONOH and H,C=N(O)OH — CH,-
(OH)NO. Two products can be obtained from 8 depending on
whether the hydroxyl group migrates to form nitrosomethanol or
the oxygen bends to carbon, forming the three-membered ring,
N-hydroxyoxaziridene.

The electronic rearrangement necessary for each reaction can
be best visualized by first rotating the CH, group perpendicular
to the ONOH fragment. Two zwitterionic states should be close
in energy as well as a biradical state. As the reaction proceeds
and the plane of symmetry is lost, the three states will mix. The
lower energy state will become the zwitterionic state with a formal
positive charge on carbon. Movement of oxygen to form the
three-membered ring will allow interaction of a lone pair on oxygen
with the empty p orbital on carbon forming a ¢ C-O bond; mi-
gration of the hydroxyl group will allow the lone pair on oxygen
to form a ¢ C-O bond, and at the same time, the ¢ N-O bond
is transformed into a lone pair. The transition structure can be
viewed as a thermally allowed 1,2 sigmatropic shift in a carbonium
ion with inversion. Since the migrating or moving groups are
hydroxyl and N==0, inversion or retention will not lead to different
products.

A lower energy solution of the rotational transition state 10
is obtained with the zwitterionic configuration C — N* occupied
rather than C* - N7, however, as either the hydroxyl group
migrates or the N=O group moves, the occupied orbitals on
oxygen will decrease the contribution from C~ - N* and increase
the contribution from O* - N~. The biradical solution (UHF/
6-31G*) obtained by using the geometry of 10 is 11.0 kcal/mol
more stable than the solution with the C™ — N* configuration
occupied. Correlation however reverses the stability and leads
to a biradical solution 24.9 kcal/mol higher in energy. The
rotational barrier is predicted to be 69.0 kcal/mol (10 - 8) at the
MP2/6-31G* + ZPC level.

Using the rotational transition structure as a reference, the
migration of a hydroxyl group or movement of the N=0 group
becomes facile. The barrier for hydroxyl migration becomes 17.5
kcal/mol (19 - 10), while for N=0O movement (forming a
three-membered ring) a negative barrier results (=6.4 kcal/mol,
20 - 10) indicating a spontaneous reaction for the hypothetical
situation. The low barriers result from the favorable interaction
of an occupied orbital on oxygen with an unoccupied orbital on
carbon. The barriers from the lowest conformation of H,C=
N(O)OH to nitrosomethanol and N-hydroxyoxaziridene are, of
course, much higher (86.5 and 62.6 kcal/mol, respectively).
Therefore, it is unlikely that either is formed in a concerted
reaction.

N-hydroxyoxaziridene (18) has not been proposed in either the
photolysis or pyrolysis of nitromethane or methylnitrite.#* The
thermal barrier of 62.6 kcal/mol is still too high to be observed.
The three-membered ring could be formeg from eq 14 which is

O=CHjy + HNO —= S/—\N/O\H (14
2

calculated to be 11.3 kcal/mol endothermic. If the reverse barrier
were not too small, it should be possible to observe CH,ONOH.

(44) For a 1heoretical study of related three-membered rings, see: Pop-
pinger, D.; Radom, L.; Pople, J. A. J. Am. Chem. Soc. 1977, 99, 7806-7816.
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Figure 10. Diagram illustrating the transformation of the nitrogen lone
pair and ocy orbitals in CH;ONO 10 1he ony of nitroxy and w¢o bond
of formaldehyde. The orbital phases and energies are obtained from the
C, stationary structure which is 8.5 kcal/mol higher than the true 1ran-
sition structure 23.

In the photolysis of nitromethane, shifted peaks in the IR have
been attributed to the hydrogen bond complex, CH,0--HNQ 10!
It may be possible to codeposit the two species on an inert matrix
and observe the three membered rings by irradiating at the HN
stretching frequency.

CH,;0ONO — O=CH, + HNO. It has been suggested' that
methyl nitrite (6) might decompose by an intramolecular elim-
ination to formaldehyde plus nitroxyl (25) rather than to methoxy
radical and nitric oxide (27). Dewar has recently reported®?
MINDO/3 calculations which predict an enthalpic barrier of 32.4
kcal /mol for this reaction (eq 12) which is lower than the barrier
for N-O bond rupture. Taking into account a less favorable
frequency factor for elimination, Dewar finds the two pathways
competitive at 500 °C.

The transition structure for elimination found here (Figure 1,
23) seems to indicate a reaction much closer to an elimina-
tion/abstraction reaction than the concerted reaction found by
Dewar. The breaking N-O bond is much longer (2.016 A, 6-
31G*; 1.289 A, MINDO/3). The barrier at the MP2/6-31G*
+ ZPC level is 44.1 kcal/mol which is 2.6 kcal/mol higher than
the calculated enthalpy of CH;0 + NO. One must therefore
conclude that the elimination pathway is probably not competitive
with N-O bond cleavage in CH;ONO.

The high barrier results from the destabilization of two orbitals
in the transition structure. The nitrogen lone pair orbital is
transformed into the NH o bond of nitroxyl while a CH ¢ bond
is transformed into the C=0 bond of formaldehyde (Figure 10).

Reaction Enthalpies of Fragmentation Reactions

No barriers to fragmentation were calculated due to the strong
multiconfigurational nature of the reaction path. The energies
of radical products were calculated however and compared with
the CH;NO, surface in Tables I and II. The calculated relative
energies at the MP2/6-31G* + ZPC level are in good agreement
with the experimental heats of formation at 298 K relative to the
heat of formation of CH;NO,.

The bond energies indicated in eq 2 and 5 are very well re-
produced. The C-N bond in CH;NO, is calculated to be 57.4
kcal/mol compared to the observed' bond energy of 58-60
kcal/mol. The terminal N-O bond energy in CH;ONO is also
well reproduced (calcd 41.5; experimental® 39-41 kcal/mol) at
the highest level despite a poor description of NO(?II) at the
6-31G* level (due to a single configurational approach) which
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leads to a large underestimation of the bond energy at that level.

A significant disagreement exists between the calculated and
experimental bond dissociation energy (BDE) of C-H in nitro-
methane. The calculated BDE of CH in nitromethane is similar
to the BDE for the central CH bond in propene (91.9 and 88
kcal/mol, respectively). Compared to the standard C-H BDE
(99 kcal/mol),** the CH bond in both propene and nitromethane
are expected to be weaker due to resonance stabilization of the
radical (eq 15 and 16).

*r *r
L — C . (15)
HoC ~ XCH, HC? CHa

i i

N S N 06
AN PANG
He” N0 He? o

The experimental C—H BDE of nitromethane (107.5 kcal/mol)
which is based upon an estimated AH; for CH,NO,* is even
higher than the BDE in CH, (104.3 kcal/mol) for which no
resonance stabilization is expected. The calculated BDE for CH,
— CH; + H at the level of theory employed here is 93.5 kcal /mol
which is an underestimation of the BDE by 10.8 kcal/mol. If
this error is transferrable to CH;NO,, the C-H BDE in this
molecule would be 102.7 kcal/mol which is less than the exper-
imental value but still unreasonably high. All calculations refer
to the 2B, state of CH,NO, which is the most stable state at the
MP3/6-31G level.” However, at the MCSCF/6-31G + CI level
a planar 2A” state was determined to be 14.6 kcal/mol more stable
than the 2B, state.*’ If this difference is applied to the estimated
C-H BDE of nitromethane (91.9 + 10.8), the value decreases to
88.1 kcal/mol.

The nitromethyl radical may be an important intermediate in
the formation of H,C=N(O)OH as shown in steps 8§ and 9. The
methyl radical should be formed readily in the photolysis or
pyrolysis of CH3;NO,. In step 8, the methyl radical can extract
a hydrogen from another molecule of CH;NO,; to form the ni-
tromethyl radical in a reaction predicted to be exothermic by 1.6
keal/mol. Step 9, the extraction of a hydrogen by an oxygen of
CH,NO, to form H,C=N(O)OH, is predicted to be endothermic
by 1.6 kcal/mol. The dominant configuration of the ?B, state is
an unpaired electron perpendicular to the molecular plane.
However, due to other contributing configurations, the oxygen
may compete with carbon for hydrogen abstraction.

The observed formation of nitrosomethanol in the pyrolysis of
methylnitrite cannot be due to a concerted rearrangement pathway
since barrier heights are too high to be viable. Two possible radical
pathways are given below Since the methoxide radical, CH;0,

! H
CH,0 — H+CH,=0 —+ NO-CH,0 — CH,(OH)NO
(17)

CH,0 — CH,0H —— CH,(OH)NO (18)

should be present from the cleavage of the weak N-O bond in
CH;ONO, an initial step might be the fission of a C-H bond to
form CH,=O0O + H which is predicted to be 19.6 kcal/mol (ex-
perimental 22.6 kcal/mol) exothermic or in a bimolecular step,
hydrogen could be extracted from CH;0 by NO (eq 6) which is
predicted to be 25.1 kcal/mol (experimental 22.6 kcal/mol)
exothermic. The addition of NO to formaldehyde followed by
abstraction of hydrogen by oxygen would then yield nitroso-
methanol (eq 17). Alternatively, the methoxy radical, CH;O,
could rearrange to the hydroxymethyl radical, CH,OH (eq 18).
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The reaction has been calculated to have a barrier of 36.0 kcal/mol
and to be endothermic 5.0 kcal/mol.#® Subsequent addition of
NO to the carbon of the hydroxymethyl radical would then also
yield nitrosomethanol.

Additivity Approximation. The additivity approximation was
tested for structures 1-23 by comparing relative energies at the
[MP2/6-31G*] level of theory with the full MP2/6-31G* cal-
culations (Table II). Ironically a better estimate of relative en-
ergies at the MP2/6-31G* level is obtained by using the
MP2/6-31G relative energies alone. Compounds containing nitro
groups are known to have two configurations which mix strongly
in the ground state.?*?” Also, the dominance of the second
configuration is sensitive to the computational level.? In this
situation, additivity of polarization and correlation effects is not
expected to be accurate because adding polarization functions not
only increases the angular flexibility of the basis set but also
changes the contribution of important low lying configurations.
The correlation contribution at the lower level (6-31G) will not
be a good indication of the contribution at the higher level (6-
31G*). To summarize, when the HOMO-LUMO gap is small
or when additional configurations become important, additivity
will not be accurate.

The relative energy of the three-membered ring 18 is not well
represented at either the MP2/6-31G or [MP2/6-31G*] level
compared to the full MP2/6-31G* calculation. The relative errors
are 11.8 and 9.5 kcal/mol, respectively (Table II). The additivity
results may be inaccurate due to the explanation given above, while
the MP2/6-31G result does not include d orbitals on carbon,
nitrogen, or oxygen, which may be important in a strained
three-membered ring such as 18.

Conclusion

Several concerted rearrangement pathways on the CH;NO,
surface have been explored. The reactions all involve high energy
barriers and are not expected to be competitive with free radical
mechanisms. The conformational surface has been studied for
nitromethane, methyl nitrite, aci-nitromethane, and nitroso-
methanol. Agreement between theory and experiment is very good
for methyl nitrite, lending confidence that the results for aci-
nitromethane and nitrosomethanol may aid in structural studies.
Two misleading stationary points of C; symmetry were located
on the nitrosomethanol conformational surface which disappeared
after inclusion of correlation.

The origin of the high barriers to concerted reactions of ni-
tromethane and aci-methyl nitrite can be attributed to a strongly
antibonding interaction between a lone pair on oxygen and the
migrating group (methyl group or hydrogen). An equivalent
interpretation is the four electron-two orbital destabilizing in-
teraction. The reaction, R,;B-NO, — R,B-ONO, which has been
predicted?? to be facile, would be an example of a two electron-two
orbital stabilizing interaction.

The migration of a hydroxyl group or N=0 movement forming
a three-membered ring in aci-nitromethane can be viewed as an
allowed thermal reaction starting from the appropriate electronic
state of the rotational transition structure. The occupied orbital
of the migrating group can then favorably interact with the empty
orbital on carbon. Reactions from the planar structure of aci-
nitromethane are unlikely due to the large amount of energy
required to reach the rotational transition structure (69.0 kcal/
mol).

It is hoped that the present study has provided a foundation
for this complicated, yet important, potential energy surface.
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