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.46~: 2-ttihust~2-methyl propine react.5 with formaldehyde, glyoxylate. gtyoxyk+ 
pytic and phenylglyo@ic ad giving the wrresponding N+butyl hydroxamic acids. These 
reaaions involve formation of the dipolar addition intexmedktes and 2-nitroso-2-methyl propane acts 
as a nuckophile in the rcBction step in which these intermediates are formed. 

There is a large number of the addition reactions of the C-nitroso compounds where nitroso group acts 

as dectropbile, but only few nucleophilic reactions of this group are known to date.’ These have been reported 

only recentiy, and among other things, include reactions of nitrosobenzenes with glyoxylate”, pyruvic acid and 

acetaldehyde”, substrates whose exceptional biochemical significance is well known2. Products of the reactions 

are hydroxamic acids, a class of compounds of great biochemical, pharmaceutical and industrial importance3S5. 

The nucleophilic properties of C-nitroso group of nitrosoaromatics are connected with the existence of the 
lone electron pair on the nitrogen. One of the experimental manifestations of its presence is the largest ‘%I 

chemical shift anisotropy measured to date6. Another evidence comes from the solution multinuclear NMR 

studies’ and theoreticsl calculationss. However, chemical properties of the nitroso group are highly dependent 

on the rest of the molecule of the nitroso compound, and the role of the atom on which nitroso group is 

attached is very pronounced’ Finaliy, nucleophilic action of the nitroso group was demonstrated only for 

nitrosoaromatics. To knowledge, there is no corresponding evidence for an aliphatic C-nitroso group. 

We now reported that 2-nitroso-2-methyl propane reacts with formaldehyde, glyoxylate, glyoxylic, 

pyruvic and phenylglyoxylic acid giving the corresponding N-t-butyl hydroxamic acids. The evidence obtained 

clearly suggests that these reactions involve formation of the dipolar intermediates (3) and that 2-nitroso-2- 

methyl propane acts as a nucleophile in the reaction step in which these intermediates are formed ( Scheme 1 ) 
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This evidence includes: i) stoichiometry and products of the reactions, ii) acid catalysis / pH rate 

profile and general acid catalysis, iii) solvent deuterium isotope effects, iv) substrate isotope effect, v) order of 

reactivity of carbonyl substrates investigated, vi) comparison with similar reactions of nitroso-aromatic 

compounds. In particular: 

a) Formaldehvde. 

i) At constant hydronium ion concentration the observed kinetics are second order overall and first 

order with respect to both carbonyl and nitroso compounds. N-t-butyl formohydroxamic acid is the only 

product, as shown by spectroscopic evidence and product isolation”. This is consistent with C-N bond 

formation and nucleophilic attack of the nitroso group on carbon of formaldehyde. 

ii) The observed reaction rate constants depend linearly (without the intercept) on the hydronium ion 

concentration. Catalysis with general acids was also observed. The inverse solvent deuterium isotope effect 

kau / lock of 2.02 (0.01) was observed. These observations are consistent with the occurrence of the proton 

transfer to a dipolar addition intermediate ( 3a ) formed in the preceding reaction steplU. 

iii) The observed primary kinetic deuterium isotope effect ku / ko of 4.52 (0.01) between HCHO and 

DCDO in the reaction, is consistent with the rate-controlling proton transfer from carbon12 of the 

nitrosocarbinolic intermediate ( 4a )_ This intermediate resulted from the proton transfer to the dipolar 

intermediate ( 3a ) of the first reaction step, and subsequently undergoes the proton transfer, leading to the 

product, hydroxamic acid ( 5a ). 

iv) The whole reaction (points i-iii) appears to be closely similar to that of formaldehyde with 

nitrosobenzenes, for which nucleophilic attack of nitroso group on the carbonyl carbon was propose&’ d. In 

addition, we observed that the reaction of 2-nitroso-2-methyl propane with acetaldehyde is at least two order 

of magnitude slower than the reaction with formaldehyde, obviously in consistence what we would expect if 

nucleophilic attack of nitroso group on carbonyl carbon occurred. 

b). Glyoxylate and glyoqdic acid. 

i). N-t-butylformohydroxamic acid is the only reaction product under conditions employed”, in the 

Table 1. 

nitrosobenzene 
D-U, 

mol dn+ PH kH20/kDz0 

2.24 1.53 (0.04) 
1.07 1.42 (0.01) 

1.25 2.62 (0.05) 
1.68 2.24 (0.10) 
2.69 1.54 (0.03) 
3.99 1.27 (0.04) 
6.15 1.20 (0.02) 

2-nitroso-2-methyl propane 

M3041, 

mol dmS3 pH kkl&k%o 

2.19 1.40 (0.09) 
1 00 1.43 (0.10) 

1.25 1.66 (0.11) 
1.66 1.31 (0.08) 
2.68 1.33 (0.08) 
3.97 1.30 (0.07) 
6.43 1.17 (0.03) 

Table 1. Changes of the solvart deuterium is&ape eftM in the readions of2aitrosc-2-moShyl propane and 
nitrosobenzene with glyoxylate on changing of pH or hydronium ion concentration at 25°C. Ionic star&: 0.20 mol dni3 
and 0.14 mol dm” in the reactions with mtroscbmzene and 2-&roso- 2-mtthyl propane, respectively. Isotope effects were 
obtained using at least fciur paired experim~. Rate constants were de&mined following prooedures described earlier’“. 
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whole range of O-7 pH, where there is nonlinear pH rate profile and continous change in solvent deuterium 

isotope effect in the reaction (Fig. 1, and Table I). At particular hydronium ion concentration, observed 

kinetics are second order overall and first order with respect to both carbonyl and nitroso compound. 

ii). Magnitudes of the observed reaction rate constants and solvent deuterium isotope ef&cts (Fig. 1, 

and Table 1) at particular proton concentration reveal the involvement of the dipolar intermediates in the 

reaction. This is corroborated by the observation of the catalysis by general acids. Reaction with glyoxylic acid 

includes acid catalysed and uncatalysed reaction path. Nitrosocarbinolic intermediate ( 4c ) arising Corn the 

proton transfer to the dipolar intermediate ( 3c ) probabiy decarboxyIates via cyclic transition state where 

transfer of carboxylic proton would be in some sense simultaneous with heavy atom reorganization, as 

indicated by the observed small size solvent deuterium isotope effect in the acid catalysed reaction14. 

iii). The observations mentioned ( i-iii ) reveal close similarity between reaction of 2-nitroso-2-methyl 

propane and that of nitrosobenzenes with glyoxylate and glyoxyiic acid. For the latter reactions, nucleophilic 

attack of nitroso group on the carbonyl group was proposed’” 

Ng 1. 
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Fig 1. The dependence of the rate constants for the reaction of 
glyoxylate with 2-nitmso-2-methyl pmpane on the pH, at 25%. Ionic 

strenght 0.14. Rate constants were determined spectrophotometrically. 

using methods described in ref. lc. The solid curve are theoretical 

lines in accord to the equation : 
&.,,= [Gl] & [(k, t kz Hi) / (& + If}], where Gl is total glyoxylate, 

I& is the diss&ation wnstant of hydrated glyoxylic acid, kl and k2 

are rate constants for the reactions via the intermediates 3h and 4b 

respectively. The values obtained for kl, k2 and PK. ate: kl 17.3 (0.4) 

x 10” dn? mol.’ s?, k2 14.0 (6.0) dn? mold se’ and PK. 2.97. In the 

range 0. l- 2.2 mol dn” H&+, the observed mte dependence follows 

(after the wmzcti:n regarding the salt effects) the equation 

koa. = k [Gl] w 1, with value of k of 1.7 x IO-’ dm6 molz s“. 

c). Pvruvic and uhcnvhzlvoxvlic acid. 

i). The products in these reactions are N-t-butyl acetohydroxamic” and N-t-butyl benzohydroxamh? 

acids, respectively. The observed kinetics are, at constant proton concentration, first order with respect to the 

nitroso and carbonyl compound, and second order overall. The reactions involve acid catalysed and uncatalysed 

reaction path, as evidenced by the linear dependence of the observed reaction rate constant on the hydronium 

ion concentration, having an intercept analogously to the case of the reaction of pyruvic acid with 

nitrosobenzene” These observations, as well as the solvent deuterium isotope effects by / kqo (1.20 (0.01) at 

1.1 M H” and 1.14 (0.01) at 0.4 M H” in the case of the reaction of 2-nitroso-a-methyl propane with pyruvic 

acid), reveal close sin&r&y with the reaction of pynwL? and phenylglyoxylic acid with nitrosobenzene for 

which nucleophiiic attack of nitroso nitrogen was proposed”. The established order of reactivity for the 

investigated carbonyl compounds where relative rates are glyoxylic acid” > glyoxylate > pyruvic acid > 

phenylgtyoxylic acid also suggests occurrence of the nucleophilic attack on the carbonyl carbon. 

Ail the reactions studied arc accelerated by the added neutral salts, where h incrcasc linearly or 

exponentially, depending on the both reaction and salt chosen. The reactions proceeded also in acetic acid, not 
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unexpectably taking into regard the observation ( cf. above ) of general acid catalysis in the reactions. We also 

find that reactions in acetic acid presents an use&l synthetic way to the N-t-butyl hydroxamic acids. 

Acknowledgmemt: We thank Valerije V&ek and miss Jelena BuBn&c for collaboration and the 

Croatian Research Council for support. 
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