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N-Nitroamides and N-Nitrocarbamates.

IV. Rates of

Decomposition. A Case of Steric Acceleration'
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Baltimore, Maryland 21218, Received December 6, 1965

Abstract: The kinetics of thermal decomposition have been measured and activation parameters have been cal-

culated for a series of N-alkyl-N-nitrocarbamates (IIb); the reactions are first order.

Steric acceleration of the

decomposition was found and the effect was shown to arise principally from a decrease in the heat of activation,
Comparisons with the decompositions of N-nitrosocarbamates, N-nitroamides, and N-nitrosoamides were also made
and it was found that the N-nitrocarbamates of bulky amines are abnormally stable relative to the corresponding

N-nitrosocarbamates.

That is, the N-nitrocarbamates, while showing a steric acceleration as a function of the size of
the alkyl substituent, show it to a lower degree than the N-nitrosocarbamates.

The effect is believed to arise from

nonbonded interactions of the nitro group with the alkyl group R (in IIb) in the transition state.

A series of amide derivatives is known in which the
members, all thermally labile, decompose to give
similar sets of products. These derivatives are easily
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made by the nitrosation and nitration of the corre-
sponding amides and carbamates. The kinetics of
decomposition of the various types are similar in form
and a comparison was deemed to be of interest.

Experimental Section

The N-nitrosocarbamates, the N-nitroamides, and the N-nitro-
carbamates were prepared as reported previously.?? The decom-
positions were followed in the ultraviolet at 330 my for compounds
IIb (R = t-butyl and R = triethylcarbinyl) and at the band in the
230-240-my region for the others, Solutions were degassed in an
all-glass apparatus to which was attached a quartz ultraviolet cell,
and the apparatus plus cell was then sealed off under vacuum at
1-5torr. An oil bath with a Sargent thermonitor as the regulator
was used as the constant temperature bath; with this apparatus it
was possible to maintain a given temperature to within 0.01°.
The absolute temperature could be read to 0.1° and estimated to
within 0.01° on a thermometer calibrated with a platinum resist-
ance thermometer. However, due to large stem effects at tem-
peratures above 120°, satisfactory reproducibility at these tempera-
tures was attainable only by measuring the temperature directly
with the resistance thermometer.

For each run, the cell was equilibrated at 22° and the initial ab-
sorbance (A4o) was determined on a Cary ultraviolet spectrometer,
Model 14; air alone was used in the reference compartment. The

(1) Presented, in part, at the 147th National Meeting of the American
Chemical Society, Philadelphia, Pa., April 6, 1964, Abstracts, p 2N.

(2) (a) E. H. White, J. Am. Chem. Soc., 77, 6008 (1955); (b) E. H.
White and C. A. Aufdermarsh, Jr., ibid., 83, 1179 (1961); (c) E. H.
White and D. W, Grisley, Jr., 1bid., 83, 1191 (1961); (d) E. H. White and
R. J. Baumgarten, J. Org. Chem., 29, 3636 (1964).

(3) Paper I1I: E. H. White, M. C. Chen, and L. A. Dolak, J. Org.

Chem., in press.

sample was then placed in the heated bath, 60 sec being allowed for
the sample to reach (with shaking) the bath temperature. At
intervals, the cell was removed and placed in a hexane bath at 22°,
60 sec being allowed for the sample to reach 22° (with shaking).
After 10 min at 22°, the cell was cleaned and the absorbance was
determined. The temperature of the bath was monitored more fre-
quently than the sample withdrawals to ensure constancy.

Runs varied from 1 to 6 half-lives, and five to ten points were
used to establish the linearity of the first-order plots. An infinity
reading (A4.) was determined after ca. 10 half-lives (except in the
case of the n-butyl derivative where the solvent absorbance was
used as A.; this assumption seems justified in that in the other
cases the final absorbance was very close to that of the solvent
alone),

Rate constants and standard deviations from the mean as given
in Table I were calculated through use of the ‘‘long interval’
method.*s In all cases the data gave good first-order rate plots
(log (4 — A.) vs. 1) and the rate constants determined from these by
graphical methods were in good agreement with those obtained by
the long interval method. In some cases the rate constants were
also calculated by the method of least squares (Table I).

The activation parameters were calculated from the slopes of the
best lines obtained on plotting log k vs. 1/T at three to seven dif-
ferent temperatures.®> The uncertainties reported represent the
differences between the best line and a line drawn through the ex-
treme points.

The commercial spectroscopic grades of acetonitrile and heptane
were used without further treatment. They were found to be ther-
mally stable at the maximum temperatures at which they were
used in the degassed sample tubes. The decane used was
treated as follows. Eastman practical grade decane (500 g) was
stirred three times with 225-g portions of 159 fuming sulfuric acid
for 6 hr. The hydrocarbon layer was washed with water between
each acid wash, This treatment was followed by stirring the
decane with two 150-g portions of fuming nitric acid. The decane
was then stirred with calcium chloride and then with 14 mesh alu-
mina. It was passed over a column composed of 120 g of 60-120
mesh silica gel and 120 g of basic alumina (the silica gel layer was
above the alumina layer). The eluate was then distilled (30-42°
at 5 torr). The product had an absorbance of 0.13-0.20 at 230
mg in a 1-cm cell with air as the reference. The absorbance did not
change when this decane (degassed and sealed off in an all glass
apparatus) was heated at 150° for 3 days.

For the product study, 0.05-0.10 M solutions of methyl N-nitro-
N-sec-butylcarbamate were heated at 140° for 3 days; decane was
used as the solvent in the analysis of the esters, and hexadecane
was used in the analysis of the olefins. The esters were analyzed by
glpc on a 4-ft diisodecyl phthalate column at 130°. The olefins
were analyzed by glpc on the same column attached in series to a
4-ft ethylene glycol-silver nitrate column at 25°.  After the heating
period, the tube containing the hexadecane solution was cooled in
liquid nitrogen, opened, and quickly sealed to two gas traps in

(4) “Technique of Organic Chemistry,” Vol. VIII, A. Weissberger,
Ed., 2nd ed, Interscience Publishers, Inc., New York, N. Y., 1961: (a)
R. Livingston, pp 126-134; (b) J. F. Bunnett, pp 199-202.
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Table 1.
RN(NO,)CO,CH; (I1Ib), and One Nitroamide, RN(NO;)COC.H; (11a)
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Rate Constants for the Decomposition of the Nitrocarbamates,

Graphic Least
Temp, “Long interval” k, value squares
R Solvent °C sec~la of k k
n-Butyl (1Ib) Decane 120.15 2.81 = 0.03 X 108 2.78
120.15 2.97 = 0.06 2.70
124.96 4.93 = 0.07 5.02
125.00 5.17 £ 0.09 5.32 5.27
129.31 8.60 = 0.22 8.43
129.49 7.66 = 0.07 7.68
135.41 15.3 = 0.5 15.4
sec-Butyl (IIb) Decane 100.5 5.50 = 0.19 X 10-¢ 5.67
110.5 1.62 = 0.06 X 10~ 1.64
109.74 1.49 = 0.11
130.4 1.12 = 0.06 X 10-¢ 1.16
t-Butyl (IIb) Decane 81.89 3.24 = 0.10 X 10~% 3.28 3.47
85.60 4,87 = 0.08 4.77
91.30 8.76 = 0.14 8.67
98.0 1.84 = 0.04 X 104 1.86 2.07
98.0 1.99 = 0.05 X 10 1.99
100.4 2,23 =0.13 2.28
100.4 2.46 = 0.08 2.44
Acetonitrile 70.50 2.38 £0.26 X 105 2.55 2.58
75.55 4.03 =0.12 4.08
80.61 7.07 £0.22 7.28
(CH;CH,):C (IIb) Heptane 25.0% 6.98 X 1077
60.0° 6.63 X 108
80.0° 6.13 X 10™¢
Ethyl ({Ia) Heptane 71.21 3.67 = 0.23 X 10~8 3.78
80.70 1.09 == 0.04 10—¢ 1.08
90.65 2.89 + 0.08 2.95 2.72

e Standard deviations are listed.

series attached to the vacuum line. Dry Ice was used to cool the
first trap and liquid nitrogen was used to cool the second. The
system was evacuated and the hexadecane was raised to its boiling
point. The second trap was then sealed off from the system and a
limb was broken open under water. The volume was measured and
the gases were analyzed by glpc (see text for data).

N-Nitrocarbamates (Ilb). The nitrocarbamates are of particular
interest, since of the four classes of related derivatives (I and II),
the tertiary carbinamine member (I and II, R = z-alkyl) is stable
and isolable only in series IIb (in all four cases, the rates of decom-
position are determined largely by the size of the alkyl groups;
vide infra). Furthermore, the nitrocarbamates are also abnormal
in that they possess two carbonyl bands in the infrared spectra.
The splitting was shown to result from rotational isomerism,3
In studying this effect, evidence was also obtained for serious steric
effects in the ground state of the more hindered nitrocarbamates.
An attempt is made in the present study to relate the kinetics of
decomposition to these factors.

The products of decomposition in this series? are analogous to
those obtained from the nitrosoamides.?5 As a further example,
the products were determined for the decomposition of methyl N-
nitro-N-sec-butylcarbamate in hydrocarbon solvents. Found were
methyl sec-butylcarbonate (50%;), 1-butene (249%), trans-2-butene
(14%), cis-2-butene (9%), and methylcyclopropane (292);® not
present in the reaction mixture were methyl N-sec-butylcarbamate,
isobutane, and butane.

Good first-order rate plots were obtained for the N-nitrocar-
bamates (Figure 1, Table I), and the Arrhenius plots (Figure 2)
were also satisfactory. Checks at different concentrations by the
half-period and differential methods confirmed the first-order
nature of the decompositions. Difficulty was experienced with
runs on the s-butyl derivative in decane in that a series of bands, the
most prominent of which were at 324-335 my, appeared in the ultra-

(5) (a) E. H. White, J. Am. Chem. Soc., 77, 6011 (1955); (b) R. Huis-
gen and H. Reimlinger, Ann., 599, 183 (1956); (c) K. Heyns and W. V.
Bebenburg, Chem. Ber., 86, 278 (1953).

(6) Cyclopropanes have been reported in related reactions by, e.g.,
M. S. Silver, J. Am. Chem. Soc., 82, 2971 (1960); P. S. Skell and 1.
Starer, ibid., 84, 3962 (1962); and G. J. Karabatsos, C. E. Orzech, and
S. Meyerson, ibid., 87, 4394 (1965). Judging from the data of J. P.
Chesick, ibld., 82, 3277 (1960), methylcyclopropane is stable at the reac-
tion temperature we used (140°).

* A resistance thermometer was not used in these runs; error probably ==0.06°.

violet spectrum after about 2 half-lives. Using rigidly purified dec-
ane as the solvent, however, the decomposition could be followed
almost to completion before the interfering bands appeared.
Rates measured with the better batches of decane agreed well with
the initial rates in the poorer batches. Also, the decomposition of

0 o
N 7
N
+

l
R—N—[c[—OR' —

O~ -~ RO[COR’ + N.O

|
RN=NOCOR’ ®)
+ c“) L—> R’'OH + CO; -+ olefins + N;O

the n-butyl derivative was in no instance followed for more than 2
half-lives, since after this period the first-order plots showed a
trend toward decreasing values of k. Blank runs with nitrous oxide
in decane, and with nitrous oxide-1-butene mixtures in decane,
showed that no products absorbing in the ultraviolet were formed
from these compounds.

The rates of decomposition are not very sensitive to the nature of
the solvent, a fact also true for the decomposition of the correspond-
ing N-nitrosoamides (Ia).”

N-Nitroamides (I1a). The rates of amide nitration decrease
sharply with an increase in size of the alkyl group R (I and II),%.c

and as a result, only nitroamides of primary and secondary car-
binamines have been reported to date.

position have been determined.?

~o—r+[~1=o

R—N—C—R’' —>

|
0

(7) K. Heyns and W. V. Bebenburg, 4nn., 595, 55 (1955).

o[..

Iv

The products of decom-

R—N=N—0—C—R’
+

Proof of the existence of the

RO,CR’ 4+ N;O + (R — 1H) + R’CO.H
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Table II. Rate Constants for the Decomposition of Various Nitrosoamides, Nitroamides, and Nitrocarbamates
Temp,

Compound Solvent °C k, sec—! Rate ratio
»-Butyl-N(NO)COCH; Xylene 90 7.59 X 10~3e
Ethyl-N(NO;)COC,H; Decane 90 2.70 X 10~4* Ca. 26
n-Butyl-N(NO)CO.CHj3 Dodecane 90 4 X 108
n-Butyl-N(NO5)CO,CH, Decane 90 7.41 X 1075 Ca. 54
Isopropyl-N(NO)COCHj; Xylene 60 4,2 X 1034
sec-Butyl-N(NO)CO,CHj; Dodecane 90 2% 1074
sec-Butyl-N(NO,)CO,CH Decane 9 1,86 107 | Ca. 102
1-Butyl-N(NO)CO,CH; CH.Cl, 0 Ca. 102
1-Butyl-N(NO;)CO,CH; Decane 0 4.4 X 10-1/ Ca. 10¢

90 7.52 X 1054
(CzHa)aC“N(NOz)COzCHa Heptane 90 1.65 X 10-34

@ See ref 7; extrapolated from value at 80°.
ref9. ¢ Extrapolated from 120°. 9 Seeref 7.
polated from 80°.

mixed anhydride IV was obtained in this series through an inde-
pendent synthesis.?.® The stability of these compounds appears

NOZ o~
] NaOH | R/COCI
R—N—H ——> R—N=N—0"Na+* —> [IV]
+

to be slightly greater than that of the corresponding N-nitroso-
amides; kinetic data for the decomposition of the N-nitropropion-
amide of ethylamine are given in Table I.

Log (A-Ay)

- 1.6 ISR | PRNEPUNN ST U S RS R S | PR JR TSV TS TN T TOE Sy S S
o] 4 8 12 16 20 24 28
T (min} x (0?
Figure 1. Rate plots for the decomposition of the N-nitrocar-

bamates (IIb) in decane: ®, R = n-butyl (at 130°); A, R = sec-
butyl (at 100°); A, R = sec-butyl (at 110°); O, R = r-butyl (at
100°).

N-Nitrosocarbamates (Ib). The products of the decomposition
(eq 1) have been determined.2:¢ Our rate constants were measured
for a single run and they are less reliable than those determined for
the other compounds.

The decomposition rates show a steep rise with the size of R (in
Ib), and in fact, the nitrosocarbamates of tertiary carbinamines
are not isolable at room temperature. An estimate of the rate of
decomposition was made from the fact that the half-life of methyl
N-nitroso-N-s-butylcarbamate (prepared at —25° from dinitrogen
tetroxide and the carbamate in methylene chloride) in the reaction
mixture was estimated to be ca. 100 sec at 0° (Table II). Since
the decomposition rates for the nitrocarbamates and nitrosoamides
appear not to be sensitive to the solvent, we assume that the rate
constant here would not be much different in decane, the solvent
used for the other nitrosocarbamates.

N-Nitrosoamides (Ia). The chemistry of the decomposition of
these compounds (eq 1) has been amply documented. 2%

(8) In view of the great instability of the nitrosoamides and carba-
mates of tertiary carbinamines, it seems highly unlikely that the oil
isolated by Heyns and Bebenburg? from the nitrosation of #-butylacet-
amide is N-nitroso-N-z-butylacetamide as claimed; the oil most likely
represented products from the nitrosation of decomposition products of
the nitrosamide.

¥ n-Butyl-N(NO;)COCH; would have approximately the same rate, judging from the data in
¢ Extrapolated from 100°,

7 Extrapolated from 81°, ¢ Extrapolated from 91.3°. * Extra-

Discussion

The rate-determining step in all of these decomposi-
tions is the first®** ! (e.g., as in eq 2). A comparison
of the slow steps, as reflected in the rate constants
(Table II), leads to four principal conclusions: (1) the
carbamate derivatives are more stable than the amide
derivatives; (2) the rates of decomposition increase with
an increase in the size of the R groups, where, for the

-3.0
-a0}
=
L
o
g L
~ -sol
-6.0F
) SIS LI T BT TS AL T S 21 PR SR T ST S 2N N
2,40 2,60 280 300 3.20
f 3
—= %10
=

Figure 2. Arrhenius plots for the N-nitrocarbamates (IIb) and an
N-nitroamide (solvent is decane, except where noted): O,IIb,R’ =
methyl, R = triethylcarbinyl; &, IIb, R’ = methyl, R = r-butyl;
®, IIb, R’ = methyl, R = ¢butyl (in acetonitrile); O, IIb, R’ =
methyl, R = sec-butyl; @, IIb, R’ = methyl, R = n-butyl; A,
N-ethyl-N-nitropropionamide.

purposes of this paper, an increase in size means
branching at the a-carbon atom; (3) the nitro deriva-
tives are more stable than the corresponding nitroso
compounds; and (4) the N-nitrocarbamates with
tertiary R groups (IIb, R = z-butyl or triethylcarbinyl)
appear to be abnormally stable relative to the N-nitroso-
carbamate of ¢-butylamine.

The factor of about 10° in the stability difference
between the amides and the carbamates (Table II) is
in the right direction for an expression of the participa-
tion of the alkoxyl groups in resonance stabilization of
the carbamates. Since the transition states for the
decompositions do not involve resonance interactions

(9) R. Huisgen and H. Reimlinger, 4nn,, 599, 161 (1956).

(10) R. Huisgen and C. Riichardt, ibid., 601, 21 (1956).
(11) E. H. White, J. Am. Chem, Soc., 77, 6014 (1955).
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of the alkoxyl group, or at least involve them to a
lesser degree, a relative lowering of the ground state
energy results and this, in turn, leads to an increase in
the energy of activation. A similar rate difference (ca.
10% to 10%) has been found for the rate of hydrolysis of
acetyl chloride!2!3 (CH,COCl) relative to that of
methyl chloroformate!? (CH,OCOC!) in 10.9 % aqueous
acetone.

The effect of R on the decomposition rates of the
nitrocarbamates is illustrated by the data of Table II; for
the n-butyl, sec-butyl, and ¢-butyl nitrocarbamates, the
rates at 90° increase in the ratio 1:25:1010. A discus-
sion of the influence of the R groups is simplified by the
observation that in related reactions electronic effects ap-
pear to be of little importance in determining the rates of
decomposition. Huisgen and Reimlinger® have shown
that the N-nitrosobenzamide and N-nitroso-p-nitrobenz-
amide of benzylamine differ in their rates of decom-
position by only 2.297; in addition, nitrosobenzamides
of cyclohexylamine and aniline differ by only a factor of
2.6 in their rates (this factor includes the steric effect as
well). The rate factors we have measured are well
beyond the normal rate differences to be expected from
the inductive effect, and we assume, in light of Huisgen
and Reimlinger’s work, that the major effect of R in
compounds Ib, Ila, and IIb is steric in origin. Of
course, as outlined above in the comparison of the
amide and carbamate decompositions, if sufficiently
dissimilar compounds are compared, electronic effects
must be considered.

Huisgen and Reimlinger® have discussed the steric
effects in the nitrosoamide decomposition in terms of
the four isomeric planar forms of these compounds.

° °
R II\!I R N R I[\I R
N\ NN N, S NN
N I[\I (0] I[\I I[\I (o]
([: C C C
7 O\ 7\ SN 7N
(0] R’ (0] R’ R’ (0] R’ (o]

increasing energy content
>

The energy content for the conformers listed in-
creases from left to right as a result, largely, of in-
creasing dipole-dipole interactions. Large R groups
increase the population of the second form at the ex-
pense of the first form and thus they increase the energy
of the ground state; a net decrease of the activation
energy results (forms three and four are presumably
negligibly populated).

In the nitrocarbamates, only two coplanar forms
(III and IV) are possible, and our evidence shows that
they differ but little in energy.® The physical data
indicate, furthermore, that the rate of rotation (k’,
k’") of the carboalkoxy group is large relative to the

(12) E. J. Cairns and J. M. Prausnitz, J. Chem. Phys., 32, 169 (1960).
(13) 1. Ugi and F. Beck, Chem, Ber., 94, 1839 (1961).
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decomposition rate;? k; is therefore the rate-de-
termining step for the over-all decomposition (where
VI represents the transition state; Scheme I). The

Scheme I
0 0
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7
N. 0
R/ \C|¢ "
O—R ¥ ™ —
0 20
1 :T/
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\o ?
{ ]
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O /
il
N 0—R/ k)
'R/ \ﬁ/
Ox
SNE—0
IV IIQ' (Ij //'o-
—— —
R “NOR/
VI
o=
NnE—
ll\ll 0__ O f
? fast,  products
R/ O—R/'
VI

interaction of the unshared p electrons of oxygen on the
nitro group with the carbonyl group (in a direction
perpendicular to the plane of the carbomethoxy group)
follows from the usual view of nucleophilic attack on a
carbonyl group.

The rate acceleration by large R groups is most easily
understood in terms of nonbonded interactions of the
R group with the nitro and carbomethoxy groups.
The carbomethoxy interaction (and a part of the
general nitro interaction) must be largely relieved in
the transition state because of the near-perpendicular
arrangement of the carbomethoxy group with respect
to the molecular plane (Scheme I). To a first approxi-
mation, the transition state energies are independent
of the size of R, whereas the ground state energies
increase in proportion to the size of R; as a result, large
R groups lead to a lowering of the activation energies
and to a ‘“‘steric acceleration.”

From the activation parameters listed in Table III,
it can be seen that the rate effect shows up largely in the
activation energy term; this is consistent with the
physical picture of the substituent effect as outlined
above. The entropies of activation are small and in-
sensitive to the size of the alkyl groups. Dominance of
the activation energies has also been found in the
decomposition of the N-nitrosoamides, and a few illus-
trative values are given in Table III.

Steric accelerations of a similar type have been re-
ported for the Smiles rearrangement!* and for the

(14) J. F. Bunnett and T. Okamoto, J. Am. Chem, Soc., 78, 5363
(1956).
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Table III. Activation Parameters for the Decomposition of the Nitrocarbamates and Related Compounds

AS*,
Compound Solvent Enet, keal AH*, keal eu
n-Butyl-N(NO;)CO,CHj; Decane 34.3£0.5 33.5+0.5 —-2.4
sec-Butyl-N(NO,)CO,CH; Decane 30.80.2 30.0£0.2 —4.6
t-Butyl-N(NO,;)CO,CH; Decane 28.84+=1.2 281112 -2.2
Acetonitrile 26.20.2 25.5+£0.2 -3.7
(Csz)aCN(NOz)COzCHa Heptane 25.9 25.2 -2
C;H;N(NO,;)COC.H; Heptane 27.8+1.5 27.1=%+1.5 -2.5
#-Butyl-N(NO)COCH; Xylene 29 .0
C¢H;CH~N(NO)COCH; Psuedocumene 28 .2
C¢H;CH.~N(NO)COC(CH3)s Psuedocumene 21.4%
Cyclohexyl-N(NO)COCH; Psuedocumene 23.3%

« Reference 7. ? Reference9.

rates of lactonization of substituted hydroxymethyl-
benzoic acids;!® in both cases, the activation energy
term accounted for the largest part of the rate increases.
A case of steric acceleration in the solvolysis of esters
of tertiary alcohols has also been reported.!® The rate
differences were relatively small, however, as were the
differences in the activation parameters.

The third point, that the nitro derivatives are more
stable, in general, than the nitroso analogs (Table II),
could be explained by a greater nucleophilicity of the
oxygen atom of the nitroso group relative to that of the
oxygens of the nitro group. There seem to be no data
in the literature bearing on this matter although the
known propensity of the nitrosoalkanes to undergo
tautomerization may be pertinent. Another possible
explanation involves the nonbonded interaction of the
second oxygen atom of the nitro group with the R group
in the transition state of the decomposition; anticipat-
ing the discussion in the next section, this effect would
raise the transition state energies for all of the nitro
derivatives relative to those for the nitroso analogs.
It is unlikely that a greater charge separation in the
transition state for the nitrocarbamate decomposition
is the answer since the rates appear not to change
appreciably with solvent polarity (Table I).

The fourth point listed above deals with the stability
of the nitrocarbamates of tertiary carbinamines (and
presumably of nitrocarbamates with other large R
groups) relative to the stability of the corresponding
nitrosocarbamates (Table II and the section on nitroso-
carbamates). Compound IIb (R = ¢-butyl, R’ =
methyl) decomposes at an appreciable rate only at
about 100°, whereas the 1la analog decomposes rapidly
at 0°, It should be pointed out that nitrosoamides
derived from tertiary carbinamines are also too unstable
to isolate. For example, the nitrosoamide of the
tertiary carbinamine (2-phenyl-2-butylamine) decom-
poses rapidly at —30°.Y The relative stabilities of
the n-, sec-, and #-butyl derivatives of the nitroso- and
nitrocarbamates are given in Table II; the ratio 54:
102:10% (for rate NOjrate NO») increases sharply at
the tertiary alkyl level. There is a sizeable error in our
estimate of the rate of decomposition of methyl N-(z-
butyl)-N-nitrosocarbamate, but the increase in the rate
ratio far exceeds any possible error. This abnormally
high stability of the nitrocarbamate member can be

(15) 1. Tirouflet, Bull. Soc. Chim. France, 769 (1964); J. F. Bunnett
and C. F. Hauser, J. Am. Chem. Soc., 87, 2214 (1965).

(16) P. D. Bartlett and M. Stiles, ibid., 77, 2806 (1955).

(17) E. H. White and J. E. Stuber, ibid., 85, 2186 (1963).

accounted for in terms of the differences in the sizes and
shapes of the nitroso and nitro groups.

As discussed above, nonbonded interactions between
the R and carbomethoxy groups that are relieved
in the transition state lead to a steric accelera-
tion of the decomposition. A second type of non-
bonded interaction of the R groups involves the nitroso
and nitro groups. In the nitroso derivatives, this
interaction would raise the ground state energy (via
an increase in the population of the syn form), but there

o 0

O—R'

would be little effect on the transition state energy.
In the nitro derivatives, because of the symmetry of the
nitro group, this simple possibility of strain relief
through rotation does not exist, and the interaction
increases both the ground and transition state energies.
Furthermore, the physical data suggest that in the
ground state of highly hindered derivatives (R =
t-alkyl), the nitro group is tilted somewhat out of the
molecular plane.? In the transition state, the nitro
—.o\ o

;\Né

/N\ /O——CHa —

o
O

—> products

O+
>S?N—O
| | ocH

N—C
R ~o

transition state

group (as part of a four-membered ring) would need
to be in, or almost in, the molecular plane. As a
consequence, nonbonded interactions of the nitro and
R groups may well be greater in the transition state
than in the ground state. The resulting increase in
the activation energy (or at least its constancy if the
ground and transition state interactions are the same)
would thus account for the interesting relative stability
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of the nitro derivatives. In summary, the rate accel-
eration by large R groups is less for the nitro than for
the nitroso compounds because of the extra and special
interaction of the R group and the nearest oxygen
atom of the NO; group in the transition state; in the
case of substitution by ¢-alkyl groups, this factor
appears to be very important indeed. It would be
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interesting to see whether a similar effect occurs in the
decomposition of N-nitroamides of tertiary carbin-
amines.
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Abstract: Phenoxytriphenylsilane (I) reacts with appropriately buffered solutions of methanol to form phenol and
methoxytriphenylsilane according to the kinetic law given in eq 1, where ki, ks, and k; exhibit a Brgnsted correlation
with 8 = 0.7 = 0.2. The results are consistent with classical (proton transfer) general base catalysis but not with

nucleophilic catalysis.

t has been shown by Akerman? that aryloxysilanes
undergo both acid- and base-catalyzed solvolyses
in aqueous ethanol but react only very slowly, if at all,
in neutral solutions. The base-catalyzed solvolysis
could proceed, in buffered solution, according to any
of four mechanisms formulated below. Several varia-

Mechanism I
B + ROH ——> BH* + RO~ (rapid)
RO~ + R, SiOAr —> R;SiOR + ArO-~
BH* + ArO~ —> B + ArOH (rapid)

Mechanism II
B + RsSiOAr —» R;SiBt 4+ ArO~

R;SiB+ + HOR —» BH* + R;SiOR
BH* + ArO~ —> B + ArOH (rapid)

Mechanism III
R
N
O---8i---OAr (—> BH* +
’ N

B + ROH + RSiOAr —
B---H
ArO- + R;SiOR
ArO- + BH* —> B + ArOH (rapid)

Mechanism IV
B + ROH = BH* + RO~ (rapid)

o ST
BH* 4+ RO- + R;SiOAr — 0---5i---0 —> B +
A \A
r

ArOH + R;SiOR

(1) This research was supported by the National Aeronautics and
Space Administration (under an Institutional Grant to the University of
Kansas), the University of Kansas General Research Fund, and the
National Science Foundation under Research Grant No. GP 3539, and
was carried out in part at the Computation Center of the University of
Kansas. The results were presented in part at the 150th National
Meeting of the American Chemical Society, Atlantic City, N. J., Sept
1965.

(2) E. Akerman, Acta Chem. Scand., 10, 298 (1956); 11, 373 (1957).

tions on each of these mechanisms may be generated
by considerations of the rate-determining step and the
possible intermediacy of higher coordination number
derivatives of silicon.? Mechanism I can be distin-
guished from the other mechanisms since it is the only
one which would show specific base catalysis. Mech-
anisms II, 111, and IV are analogous to the nucleophilic
catalysis (II), classical general base catalysis (III), and
inverse classical general base catalysis (IV) mechanisms
well known in the solvolysis of carboxylate derivatives.*
We wish to report data which permit the closer speci-
fication of the mechanism for cleavage of the silicon-
oxygen bond under these conditions.

Results

Table I shows observed and calculated rate constants
for the methanolysis of phenoxytriphenylsilane (I) in

Table 1. Base-Catalyzed Methanolysis of
Phenoxytriphenylsilane at 27.4 &= 0.1°

Buffer (B, [BH], [CHsO"], 10%obsa, 10%Kcsicas
system M M M sec™!  sec!
Acetate-acetic 0.0500 0.0100 2.50 X 10-7 1.81 1.87

acid

0.1000 0.0200 2.50 X107 2.06 2.15
0.1500 0.0300 2.50 X 10-7 2.39 2.43
0.0500 0.0050 5.01 X 10-7 3.37 3.23
0.1000 0.0100 5.01 X 1077 3.60 3.51
0.1500 0.0150 5.01 X 10-7 3.92 3.89
0.0500 0.0033 7.51 X107 4.83 4.85
0.1000 0.0067 7.51 X107 5.30 5.13
0.15C0 0.0100 7.51 X107 5.78 5.41
Phenoxide- 0.0005 0.0100 1.15X10~¢ 1020 1010
phenol 0.0010 0.0200 1.15X10-* 1200 1195
0.0020 0.0400 1.15X 10"+ 1580 1570

@ Jonic strength brought to 0.1500 M with LiClO; in all runs.
Uncertainties in observed rate constants are about =597,

(3) L. H. Sommer, ‘Stereochemistry, Mechanism and Silicon,”
McGraw-Hill Book Co., Inc., New York, N. Y., 1965.
(4) M. L. Bender, Chem. Rev., 60, 53 (1960).
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