9834 J. Am. Chem. Soc. 1993, 115, 9834-9835

Acid Catalysis of Nitronic Acid Formation from
Nitroalkane Precursors

Ihsan Erden,* James R. Keeffe,* Fu-Pei Xu,! and
Ji-Bin Zheng

Department of Chemistry and Biochemistry
San Francisco State University

1600 Holloway Avenue

San Francisco, California 94132

Received July 6, 1993

It is well known that isomerization of aldehydes and ketones
totheir enol isomersis catalyzed by both acids and bases. Despite
claims to the contrary,! the same is not true for nitroalkane—
nitronic acid prototropy. Such claimscan be rationalized simply
by proton transfer from nitroalkane to solvent (water).2 In fact,
this transformation (eq 1) is actually retarded in moderately
concentrated aqueous acid, presumably because of the decline in
the activity of water.? Edward and Tremaine have shown
convincingly that other reactions of nitroalkanes which occur in
acid media, e.g., the Nef and Victor Meyer reactions (eqs 2 and
3) owe their catalysis to events succeeding nitronic acid forma-
tion.34
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We report here a reaction in which nitroalkanes lose an
electrofuge, promoted by acid, to yield nitronic acids (eq 4).5 In
our case the electrofuge is tropylium ion (Tr*) rather than a
proton.
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Evidence from !H NMR (CF;CO,H and CF;CO,D) and UV
spectrophotometry (CF;CO,H and HCIO,/H,0) shows that
tropylium ion is formed quantitatively. Products derived from
the exocyclic moiety were examined by 'H NMR spectroscopy
of reacting solutions in CF;CO,H. Compound 1 produced ca.
40% of formohydroxamic acid (Victor Meyer product) plus
unidentified material. Compound 2 gave ca. 25% of acetohy-

t On leave from Shanghai University of Science and Technology.
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droxamic acid plus other products. From 3 came ca. 20% of
acetone (Nef product) as well as unidentified materials. Attempts
to simulate development of nitronic acids in CF;CO,H were only
partly successful in terms of eq 4. Addition of sodium nitronate
salts Na*RiIR2C=NO;, to CF;CO,H gave only nitromethane
from Na*CH,=NO;- and some nitroethane from Na*CHs,-
CH=NO;" along with the same products observed by cleavage
of 2 and, from Na*(CH;),C=NO;-, the same products as were
obtained by cleavage of 3.6

Other qualitative observations include the following. (1)
Compound 1, our slowest-cleaving substrate, undergoes no isotopic
hydrogen exchange in CF;CO,D under conditions where 1-3leads
to tropylium ion. This result excludes mechanisms in which ring
carbons are reversibly protonated or in which the «-CH bond is
reversibly cleaved. (2) The proton-decoupled }*C NMR spectrum
of the tropylium ion formed from compound 1 shows a single
spike, with no satellites, at § 156.05 whether the reaction is
conducted in CF;CO,H or in CF;CO,D. No C;HD+ is formed
in CF;CO;D. Thus irreversible protonation of a ring carbon
followed by C—C cleavage may be ruled out. (3) Nitromethane,
nitroethane, 2-nitropropane, and phenylnitromethane also show
no hydrogen exchange, demonstrating again that nitroalkanes do
not lose an a-proton under these conditions. (4) Similarly, we
see no Nef or Victor Meyer products derived from 1-3, that is,
no TrCHO, TrCOCHj;, or TrCONHOH, products which would
be expected from a-proton loss. (5) The 3° nitroalkane, (CHs);-
CNO,, undergoes no change whatsoever in CF;CO,H after 100
h. Thus,acid-catalyzed C-N cleavagedoes not occur under these
reaction conditions.

These results support eq 4 as the reaction under study and
allow us to postulate eq 5, an A-1 cleavage, as the mechanism
for nitronic acid production. C—C cleavage concerted with proton
transfer is not ruled out by our results.” We believe this to be
the first example of acid-catalyzed nitronic acid production from

a nitroalkane precursor.
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Pseudo-first-order rate constants for acid-catalyzed cleavage
of 1-3 were measured in CF;CO,H and in HC10,/H;O solutions;
these are listed in Table I. Rate constants in HC1O4/H,0 were
linearly correlated by the Cox-Yates excess acidity function,
X,,%9 and the resulting parameters are also found in the table.

(6) Nitronate anions are protonated on carbon at rates in the order
CH,=NO,> CH;CH=NO,> (CH;),C=NO;- (see Table II). It is possible
that in our simulation, local high [nitronate-] allows O-protonation to be
reversible, thereby enabling C-protonation to occur for CH;=NO,- and
CH3;CH==NO;". In reaction 4, nitronic acids are generated in the absence of
nitronate neighbors.

(7) From the medium-independent rate constant for acid-catalyzed frag-
mentation of compound 3, our fastest substrate, we can calculate AG* = 24,7
kcal/mol. Modeling the aqueous solution basicity of 1-3 after that of
nitromethane (pK, ~-12, see: Arnett, E. M. In Progress in Physical Organic
Chemistry; Cohen, S. G., Streitwieser, A., Taft, R. N., Eds.; Wiley-
Interscience: New York, 1963; Vol. 1, p 223) gives AG® for protonation as
approximately 16 kcal/mol. Hence, a two-step mechanism is not only possible
but likely.

(8) Cox,R. A;; Yates, K. Can. J. Chem. 1979, 57, 2944. The excess acidity
concept is a second-generation treatment of the acidity of nondilute aqueous
mineral acids. It rests ona linear free energy assumption concerning the activity
coefficient behavior of structurally different bases and their conjugate acids
(see: Bunnett,J. F.; Olsen, F.P. Can. J. Chem. 1966, 44, 1899). Extrapolation
of a Cox-Yates plot to X, = 0 gives the medium-independent, second-order
rateconstant for the hypothetical standard state: [H30%] = 1.00M, all activity
coefficients = 1.00.
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Table I. Rate Constants (25 °C) for Acid-Catalyzed Cleavage of
(7-Cycloheptatrienyl)nitroalkanes 1-32

slope (m*m*) of
k/10-5 (s71) ko (M~'s7) Cox-Yates
compound CF;CO,H HCIO,/H,0* Xo plot (r2)®

TrCH,NO; (1) 335  7.52% 10710 1.34 & 0.08 (0.990)
TrCH(CH3;)NO; (2) 590  3.04X 107 0.94 % 0.07 (0.982)
TrC(CH;),NO, (3) 1180 472X 106 1.05 % 0.07 (0.990)

s Determined by UV spectrophotometric observation of tropylium ion
at 272 (CF3CO,H) or 274 nm (HC1O4/H;0). ® The medium-independent,
second-order rate constant, ko, is the value of kegp (s7!) for Xp = 0 (ref
8): log k(s1)/[H*] = m*m*X, + log ko.

Table II. Rate Constants, pK, Values, and Tautomerization
Equilibrium Constants for Simple Nitroalkanes (H,0, 25 °C)

kou- kysot
pPK.  kuo (s (M-1st)e (M) Kuu®

compound
CH;NO, 10.22¢9 43 X102« 27.65 715 1.1 X 1077 «4
CH3;CH,NO, 8.604 3.7 X 10-%¢ 5.19¢ 15 89X 105¢

(CH3);CHNO, 7.74¢ 4X107¢ 0.355/ 022 28x1073¢

4 For deprotonation of the nitroalkane by the indicated base. ® For
protonation of the nitronate anion, calculated as ku,0+ = ki1,0/ Ka. © Kiaut
= [nitronic acid]/[nitroalkane]. 4 Pearson, R. G.; Dillon, R. L. J. Am.
Chem. Soc. 1953, 75, 2439, ¢ Turnbull, D.; Maron, S. H. J. Am. Chem.
Soc. 1943, 65, 212, f Reference 2c¢. £ Bell, R. P.; Goodall, D. M. Proc.
R. Soc. London 4 1966, 294, 273. » Wheland, G. W. Advanced Organic
Chemistry, 3rd ed.; Wiley: New York, 1960; p 719. f Wheland, G. W ;
Farr, J. J. Am. Chem. Soc. 1943, 65, 1433. / Kresge, A. J.; Drake, D.
A.; Chiang, Y. Can. J. Chem. 1974, 52, 1889.

Two points are evident from these data: (1) the reactions are
strongly acid-catalyzed; the slopes of the X, plots are around 1.0
or more, akin to those found for other A-1 reactions® and (2) the
substrate reactivity order is 3 > 2 > 1. This is of interest because
the opposite order is obtained for the deprotonation of the
corresponding simple nitroalkanes whether by H,O or by OH-
(see Table II). The latter result, in which the rate of nitronate
anion formation is inversely related to the acidity of the nitroalkane
precursors, is part of what is known as “the nitroalkane anomaly”.10
In the present case (eq 4), the more stable the nitronic acid, the
faster it is produced by acid-catalyzed C-C cleavage; the anomaly
does not occur.

(9) (a) Cox, R. A,; Yates, K. Can. J. Chem. 1981, 59, 2116. (b) Kresge,
A.J; Chen, H. J; Capen, G. L.; Powell, M. F. Can. J. Chem. 1983, 61, 249.
Both sources recommend the X, scale for the extrapolation from concentrated
HCl10,/H,0 solutions to dilute solution.

(10) Kresge, A. J. Can. J. Chem. 1974, 52, 1897.
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The anomalous rate—equilibrium relationships found for
deprotonation of nitroalkanes are attributable to severe transition-
state imbalance between the extent of C—H cleavage and relocation
of the developing negative charge into the NO; function.!01! For
the cleavages of 1-3, we postulate that protonation of the nitro
group causes sufficient electrostatic pull that the departure of the
electrofuge and development of C=N double bond character at
the transition state are more synchronous. The transition state,
therefore, has enough nitronic acid character that the most stable
nitronic acid forms fastest.

The lack of acid catalysis of nitroalkane—nitronic acid isomer-
ization can be ascribed to the very weak basicity of nitroalkanes,!2
It is doubtful that compounds 1-3 are significantly more basic
than simple nitroalkanes; hence, it is step 2, the cleavage step of
eq 5, which is responsible for the success of the reactions.!?
Evidently, tropylium ion is a superior electrofuge. Not only is
it a weaker acid than the solvated proton,'4 but its departure is
unimolecular, not requiring the covalent participation of the weak
bases present in our reaction media.l’
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