J = 16.0 and 4.5 Hz) (CH; at Cs), 6.34 (singlet, OCH; of ester),
7.87 (broad doublet with small intensity, J = 2.6 Hz, CH at C;).

Thermal Isomerization of 3,7-Dideuterio-4-isopropyl-1-methoxy-
bicyclo[3.2.0]hepta-3,6-dien-2-one (VI). After 200 mg (1.1 mmol)
of neat VI was heated at 180° in a sealed tube under nitrogen atmo-
sphere for 135 min, the pyrolysate was dissolved in benzene and the
solution was chromatographed on a column containing 10 g of
silica gel. The benzene-ether (25:1) fractions afforded 101 mg
(5197) of VII as a yellow oil: bp 95-100° (bath temperature)
(1 mm); v¥ 1705, 1592, 725, and 685 cm~!; mfe 180 (M%);
nmr spectrum, see Table I1I. The ether fractions gave 21 mg(i1%)
of X1I.

Reaction Rate of the Cope Rearrangement of 4-Isopropyl-1-
methoxybicyclo[3.2.0]hepta-3,6-dien-2-one (Ib). The material used
for this kinetic study was purified by redistillation of the ordinary
photoproduct (Ib) described previously using a spinning band
column. Vapor phase chromatographic analysis of the distillate,
bp 79-80° (1 mm), revealed no evidence of contamination of Ib.
The reaction vessel was made of Pyrex tubing, 5 mm o.d. and 60
mm in length, with a thick sphere 6 mm in diameter at the bottom.
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About 30 mg of the material was introduced into the vessel and it
was sealed under a nitrogen stream. Eight reaction tubes and
a thermometer were fitted in the necks of a 500-ml flask with
nine necks and a reflux condenser, which contained a suitable
solvent. Eight vessels were heated at the same time by vapor
of the boiling solvent such as cyclohexanol (158°), p-di-
chlorobenzene (170°), or dimethyl sulfoxide (183°). During
heating, each vessel was withdrawn from the flask periodically and
cooled quickly with ice and a salt bath to quench the reaction.
The reaction material was diluted with 0.3 ml of deuteriochloroform
and then the nmr spectrum of the solution was measured by a Varian
A-60 spectrometer (sweep time 500 sec, sweep width 100 cps).
The concentration ratios of the isomerized products 1Ib and IIIb
and of Ib were calculated from the proton area of the signal as-
cribed to the methoxy group of the corresponding compounds.
The results obtained were shown in Table 1V,
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Abstract:
been studied in 50 % dioxane and in water.

The kinetics of the addition of a series of substituted 1,1-dinitromethide ions to methyl acrylate have
The requirement for acid catalysis in these Michael additions has been

defined as a lo_wering of the free energy of the transition state for the reversal of the initially formed carbanion
RC(NO,);,CH,CHCO.CH;. This can be accomplished by a substituent R which is able to delocalize negative

charge by a resonance interaction.

For borderline cases, the rate of protonation of the carbanion RC(NO,),-

CH,CHCO,CH; may be a deciding factor in effecting a change from an acid catalyzed to an uncatalyzed reaction.
A comparison of the specific rate and activation parameters for fluorodinitromethide ion with alkyl, chloro, and
hydrogen dinitromethide ions shows that the 2000-fold increase in rate for R = Fis due to a 5 kcal mol~! decrease

in AH*,
rine substituent.

he addition of substituted 1,1-dinitrocarbanions to

acrylic systems, in particular methyl acrylate, is
well documented in the literature.'~* Results of pre-
vious kinetic studies of Michael additions to acrylic
systems®? suggest the following mechanism for the
addition of 1,l-dinitrocarbanions to methyl acrylate,.
HA is any acid and A~ its conjugate base. When one
compares the results obtained in similar buffer solu-
tions with trinitromethane,>® R = NO, (pK = 09),
and 1,1-dinitroethane,® R = CH; (pK = 5.1%), a change

(1) H. Shechter and L. Zeldin, J. Amer. Chem. Soc., 73, 1276 (1951).

(2) L. A. Kaplan, J. Org. Chem., 29, 2256 (1964).

(3) L. Herzog, K. Klager, and R. D. Geckler, J, Amer. Chem. Soc.,
73, 749 (1951).

(4) M. E. Hill, unpublished results from these laboratories.

(5) J. Hine and L. A, Kaplan, J, Amer, Chem. Soc., 82, 2915 (1960).

(6) S. S. Novikov, L. A. Nikonova, and V. I, Slovetskii, Jzv. 4kad.
Nauk SSSR, Otd. Khim. Nauk, 395 (1965).

(7) S. S. Novikov, L. A. Nikonova, V. I. Slovetskii, and I. S. Niko-
nova, ibid., 1066 (1965).

(8) L. A.Kaplan and D. J. Glover, J. Amer. Chem. Soc., 88, 84 (1966).

(9) S. S. Novikov, L. A. Nikonova, and V. L. Slovetskii, /zv. 4kad.
Nauk SSSR, Otd. Khim. Nauk, 1283 (1965).

(10) T. N. Hall, J. Org. Chem., 29, 3587 (1964).

This enhanced nucleophilicity is attributed to a destabilization of an sp2-hybridized carbon by an a-fluo-

k1
RC(NOz)z_ + CH2=CHC02CH3 A@
V.-l

RC( NOZ)ZCIZZ_ CHCO,CH; (1)
-

kia
An~ + HA = RC(NO,).CH,CH,CO.CH; + A~  (2)
ka-
in the rate-determining step of the reaction is observed.
With trinitromethane as the addend, the reaction is sub-
ject to general acid catalysis; protonation of the inter-
mediate carbanion An~— is rate determining.!'* How-
ever, with 1,1-dinitroethane as the addend,® no evidence
was found for acid catalysis in phosphate, borate, or
carbonate buffers.

To determine if changes in the basicity of the inter-
mediate carbanion An~ caused by varying the substit-
uent R are solely responsible for the change in mech-
anism, we have measured the rates of addition of a

(11) At high acidities, the rate of protonation is increased to the

point where the formation of the intermediate carbanion becomes rate
determining.58
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series of 1,1-dinitrocarbanions to methyl acrylate in the
presence of an acetic acid-acetate buffer system both in
509% dioxane and in water.'? We have attempted to
select the substituent attached to the 1,1-dinitrocarb-
anion in such a manner as to span a range of ¢* values;
viz. a range of basicities of the intermediate carbanion
RC(NO,),CH,CHCO,CH;. Thus, we will compare the
rate-determining steps for the addition reaction when
R = NOg, (J'>'=C(1\I().2)3 = 4.54,‘3and R = CH;;, (J""CHEC(NQQ)2
= 2.76,' as well as other substituents having o*
values within this range. From a comparison of the
activation parameters in 509 dioxane with those in
water, a qualitative description of the transition state
for this reaction as well as the effect of the substituent R
upon the nucleophilicity of the 1,1-dinitrocarbanions
will be presented.

Results and Discussion

Kinetic measurements were made under pseudo-first-
order conditions in the presence of at least a 100-fold
excess of methyl acrylate. With the exception of di-
nitromethide ion, reaction rates were followed by mea-
suring the change in absorbance at A, for the 1,1-
dinitrocarbanion substrate with time. Pseudo-first-
order rate constants were evaluated from plots of log
OD vs. time, with measurements being made to at least
two half-lives. At least one kinetic run for each sub-
strate was allowed to proceed for ten or more half-
lives to check for reversibility of the reaction under the
conditions used. For all substrates, the OD, value
was essentially zero; no evidence for reversibility of the
reaction was found. Therefore, reaction 2 is irrevers-
ible under the conditions used in this study.

The kinetic runs using dinitromethide ion as the ad-
dend required a somewhat different analytical pro-
cedure. Since methyl 4,4-dinitrobutyrate (A5 380
nm), the primary product formed in the reaction of di-
nitromethide ion, Apax (€) 362 nm (20,700), with methyl
acrylate has e, = 12,640, a plot of log ODj4, vs. time
will not yield a straight line. A further complication
arises from the fact that methyl 4,4-dinitrobutyrate re-
acts with methyl acrylate about half as fast as dinitro-
methide ion under these reaction conditions to yield
dimethyl 4,4-dinitroheptanedioate. For dinitromethide
ion, the absorbance of the reaction mixture was deter-
mined for the same time intervals at 362 and 380 nm
and the actual concentration of dinitromethide ion
present at various times was calculated from these data.
Rate constants were evaluated from plots of log [HC-
(NOz)g—] vs. time.

Besides varying the concentration of methyl acrylate
to determine the kinetic order of these additions with
respect to methyl acrylate, we also tested each substrate
for acid catalysis by varying both the buffer ratio and
buffer concentration by a factor of 5-50 for each 1,I-
dinitrocarbanion addend used. With the exception of
carbomethoxydinitromethide ion in 509 dioxane but
not in water and trinitromethide ion in both media,'*
no evidence for acid catalysis was obtained for any of the
other I,1-dinitrocarbanion substrates.

(12) For acetic acid in 45% w/w dioxane, K = 5 X 1077 M at 45°;
H.S. Harned and G. S. Kazanjian, J. Amer. Chem. Soc., 58, 1912 (1936).

(13) J. Hine and W. C, Bailey, J. Org. Chem., 26, 2098 (1961).

(14) The addition of trinitromethide ion to methyl acrylate in both
50 % dioxane and water has previously been shown to be subject to
general acid catalysis.8

The observation that the addition of carbomethoxy-
dinitromethide ion to methyl acrylate is subject to acid
catalysis in 50%, dioxane forced us to treat the values
of the second-order rate constant k,, Table I, in a

Table I. Reaction of “"C(NO.).CO,CH; with Methy! Acrylate
(MeA) and Acetic Acid Buffers in 509 Dioxane®

104k,

[HOAc] [OAc] 107H*P [MeA]l 105[S~ M~ !'sec™!
T = 50°
0.0200 0.100 0.882 0.4530 8.52 1.43
0.100 0.100 4.41 0.4497 7.26 1.57
0.100 0.100 4.41 0.3748 7.26 1.60
0.100 0.0500 8.82 0.4366 8.89 1.68
0.300 0.100 13.2 0.4530 8.52 1.93
0.0600 0.0100 26.4 0.6044 8.89 1.67
0.100 0.0100 44.1 0.6044 8.46 1.72
0.600 0.0300 88.2 0.6549 8.89 2.17
0.600 0.0100 264 0.6044 8.46 2.23
T = 60°

0.0200 0.100 0.81 0.4467 7.68 2.57
0.100 0.100 4.06 0.3030 7.62 2.89
0.100 0.100 4.06 0.4545 7.62 2.90
0.0300 0.0100 12.2 0.4467 9.24 2.73
0.300 0.100 12.2 0.4467 7.68 3.43
0.100 0.0100 40.6 0.4467 8.82 3.04
0.300 0.0100 122 0.4467 8.82 3.69
au = 0.1, sodium perchlorate added when necessary. ° Cal-

culated from values of Kuoac in 45 wiw %, dioxane, u = 0.1, at these
temperatures.!?2 ¢ S- = “C(NO),CO.CH,.

different manner in order to obtain the specific rate of
addition, k;, of carbomethoxydinitromethide ion to
methyl acrylate. In an acetic acid-acetate buffer
system, we may assume the following mechanism for the
overall reaction? (eq 3-6).
k1

~C(NO);CO.CH; + CH;=CHCO,CH; >

MeA kot

H,CO,CC(NO,),CH,CHCO;CH; (3)
An~

k
An~ + H;O* —H; H;CO.CC(NO.).CH,.CH:CO.CH; + H.O (4)

kHOAc

An~ + HOA¢c —>
H;CO.CC(NO;).CH,CH,CO:CH; 4+ OAc~ (5)

\
An- + H,0 —5> HyCO,CC(NO:),CH,CH,CO,CH; + OH-  (6)

Based upon the above equations and the steady-state
approximation for the concentration of the interme-
diate carbanion An~, the rate of disappearance of carbo-
methoxydinitromethide ion is given by

d[-C(NO.),CO,CH;] _
— S =
k[~C(NO,),CO.CH;][MeA] X
{knoadHOAC] + ku{H;0%] + ku,o[H:0]} %)
Ko+ kuosadHOAC] + kudH:07] + kaolH:O)

Equating eq 7 with the experimental rate expression at a
given acidity, eq 8, and rearranging terms, the observed

_ d[“C(NOz)zCOgCH 3] —
dr

ko[ C(NO.).CO.CH;][MeA] (8)

Journal of the American Chemical Society | 93:14 | July 14, 1971



3449

Table II. Rate Constants and Activation Parameters for the Reaction of RC(NO).~ with Methyl Acrylate in 507 Dioxane, u = 0.1
104, M1 sec™!

R 30° 50° AH*, kcal mol™! AS*, cal deg™!
CH; 172 £ 0 67.1 = 1.7 126 £ 0.2 —29.6 = 0.8
CoH; 18.4 + 0.2 70.7 £ 0.5 12.5 £ 0.1 —29.9 + 0.3
n-CH, 12.9 + 0.1 49.5 £ 1.0 12.5 = 0.2 —30.7 = 0.7
H 16.0 = 0.3 60.3 £ 1.2 12.3 + 0.3 —30.8 £ 0.9
Cl 25.6 = 0.4 98.5 + 1.2 12.5 £ 0.2 -29.2 £ 0.6
F 72,400° 164,000" 7.4 £ 0.3 -30.4 £ 0.9
NOy® 6.39¢ 27.0¢ 13.4¢ —29.0°
CO.CH;® 0.538¢4 2.414 14.8 —29.3

e Acid catalysis observed.

borax buffers. ¢ Calculated from AH* and AS*; data from ref 8.

b Calculated from AH* and AS*; k,2° = 5.75 + 0.08 M~1sec!, k;*° = 8.89 + 0.04 M~! sec™! measured in

¢ Calculated from AH* and AS*; 10%,%° = 2.41 M~!sec™!, 10%,%° =

4.97 M~ sec™\.
Table II1. Rate Constants and Activation Parameters for the Reaction of RC(NQ.).~ with Methyl Acrylate in Water, x = 0.1
————10%,, M sec————— —_
R 30° 50° AH*, kcal mol-! AS*, cal deg™!
CH; 13.5 &= 0.1 65.1e 14.4 + 0.3 —-24.2 + 1.1
CH; 16.1 &= 0.5 75.5 £ 0.6 14.4 + 0.3 -23.8 =+ 1.0
H 19.4 = 0.1 92.5 = 1.3 14.6 = 0.1 —22.9 £ 0.5
Cl 21.4 £ 0.3 100.9 + 2.3 14.5 +£ 0.3 —-23.0 £ 0.8
F 49,800 + 1200 140,000° 9.5 + 0.4 —-24.0 £ 1.3
NO,¢ 6.61¢ 28.2 13.5 £ 0.2 —-28.6 £ 0.7
CO.CH; 0.6284 2.854¢ 14.1 £ 0.4 -31.3 £ 1.2
s Data from ref 9; value of &,%° calculated from AH* and AS*. ° Calculated from AH* and AS*; k,1*° = 2.08 + 0.05 M~! sec™! mea-

sured in borax buffers.
sec—1, and at 40°in 0.5 M hydrochloric acid, 10%;

second-order rate constant ko has the form

kin[HOAc] + [H;0%] + 7]
rs + n[HOAc] + [H;0+] + r,

where r = kHOAc/kH*', ry = kHzo[HQO]/kH+, and rs
k_i/kg-

Table I gives the values of ko obtained for this sub-
strate in various acetic acid-acetate buffers in 509
dioxane. Utilizing a least-squares procedure!s to-
gether with eq 9 and the data in Table I gives values of
ki, r1, re, and r3 equal to 2.41 X 10~* M—!sec™!, 3.48 X
1071, 444 X 102 M, and 3.17 X 10~2 M at 50° and
497 X 107* M—!sec!, 6.10 X 10-%, 1.67 X 10~! M,
and 1.66 X 10-1 M at 60°., These values of ki, r,, 7,
and r; reproduce the observed rate constants ko in Table
I with an average deviation of 1,997 at 50° and 0.5% at
60°. Dividing the values of #, by the concentration of
water in 509, dioxane, 28.3 M, gives 1.57 X 1073
(5.90 X 10~3% at 60°) for the rate constant ratio kp,o/
kyg-+at50°.

Tables II and III summarize the values of the second-
order rate constant, k;, and the activation parameters for
the addition of the various 1,1-dinitromethide ion sub-
strates to methyl acrylate in 5097 dioxane and in water.
Examination of the values of the rate constants in either
solvent system shows that with the exception of fluoro-
dinitromethide ion, the specific rate of addition of the
remaining dinitromethide ion substrates are accommo-
dated by at mosta factor of 50. The rather small
spread in the values of k;, even for substituents such as
nitro and carbomethoxy which may delocalize charge
by a resonance interaction, suggests that there is little
bonding of the dinitromethide ion to methyl acrylate in

ko =

€))

(15) We are indebted to Dr. J. R. Holden of these laboratories for
performing this computer operation for us.

¢ Calculated from AH* and AS* obtained from data at 20° in 0.4 M hydrochloric acid, 104, = 3.17 & 0.03 M~!
14.8 £ 0.3 M~ sec™! (ref 6).
4,4-dinitro-2-hydroxybutyrate makes a negligible contribution to the rate of disappearance of trinitromethide ion (cf. ref 8).
from AH* and AS*; 10%,%° = 1.25 &= 0.02 M~'sec™!, 104,%° = 5.20 & 0.18 M~!sec”L.

At these acidities, the secondary reaction yielding methyl
1 Calculated
¢ Acid catalysis observed; cf. ref 8.

the transition state for reaction 1 forward. The transi-
tion state may be depicted as

o H
RC(NO,), |
H_\ « ‘\C/’
7
H 0)

5_

“CH,

in which considerable carbanion character exists on the
substituted dinitromethide ion. This makes delocaliza-
tion of the negative charge by both the «,8-unsaturated
system and the dinitromethide ion moieties important
contributors to its stabilization.

It is instructive at this point to consider the effect of
changing the substituent R upon the magnitude of k_,,
the specific rate of reaction 1 reverse. From the prin-
ciple of microscopic reversibility,! the transition state
for reaction 1 reverse must be the same as for reaction 1
forward. Substituents which can delocalize negative
charge by a resonance interaction will lower the free en-
ergy of the transition state. However, such substitu-
ents should have a very much smaller effect upon the
free energy of the carbanion intermediate RC(NO,),-
CH,CHCO,CH;, as the dinitromethyl group can only
delocalize the negative charge on the a-carbon by an
inductive electron withdrawal which is attenuated by an
intervening methylene group.” Thus, the free energy
of the various carbanion intermediates would be about

(16) J. E. Leffler and E. Grunwald, “Rates and Equilibria of Organic
Reactions,” Wiley, New York, N. Y., 1963, p 73.

(17) This attenuated inductive interaction may possibly make a mea-
surable contribution to the stabilization of the carbanion RC(NOy).-
CH;CHCO:CHj; for those substituents such as nitro and fluoro which
have large o* values (cf. ref 13 and 18).

(18) L. A. Kaplan and H. B. Pickard, J. Org. Chem., 35, 2044 (1970).
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the same and a lowering of the free energy of the transi-
tion state results in a lowering of the free energy of acti-
vation for the dissociation of the carbanion RC(NO,),-
CH,CHCO,CH;. A corresponding increase in the
specific rate, k_;, for reaction 1 reverse would be ex-
pected. For reaction 1 forward, substituents which de-
localize charge by a resonance interaction will lower the
free energy of the ground state more than the transition
state. AF* should be larger!® and the specific rate of
addition slower.

In order to apply the aforementioned concepts to the
observed mechanism change, uncatalyzed to acid-cat-
alyzed reaction, consider the general expression for the
observed second-order rate constant, ko, at fixed acidity
in a general acid catalyzed reaction (eq 10). This is
derived from reactions 1 and 2, the steady-state assump-
tion for the concentration of the intermediate carbanion
An~ and the assumption that reaction 2 is irreversible.
For the limiting condition k_; < Zkyua[HA] eq 10 re-

X ki Skua[HA]
L=

" k1 + Zkui[HA] (10)

duces to
ko = ki (11)

and the reaction will not be subject to acid catalysis.
However, in the range k_; 2 Zkua[HA], either eq 10 or
eq 12 obtains and the value of k, will increase linearly or

_ kiZkga[HA]

Ko X

(12)

at a decreasing rate as the acidity of the reaction
medium increases.

Inspection of the data in Tables II and III shows that
the addition of trinitromethide ion to methyl acrylate
in both media and the addition of carbomethoxydi-
nitromethide ion in 509 dioxane are subject to general
acid catalysis. The addition of the other dinitro-
methide ion substrates to methyl acrylate is an uncat-
alyzed reaction. We may consider the reason for this
mechanism change in light of the preceding discussion.
If 1,1-dinitroethane, uncatalyzed reaction, is chosen as
a reference substrate, the limiting condition of eq 11
must apply. On changing R from methyl to nitro or
carbomethoxy, the observed change in mechanism must
then be due either to a decrease in Zkga[HA] or an in-
crease in k_; so that the limiting condition k_; = Zky, -
[HA] now applies. A decrease in the specific rate of
protonation would be expected if the basicity of the in-
termediate carbanion RC(NO,).CH,CHCO,CH; de-
creased markedly whereas a lowering of the free energy
of the transition state for reaction 1 would increase k_;.

The increased inductive electron-withdrawing ability
of the group RC(NO,),CH,~ as R becomes more elec-
tronegative will make the charge on the « carbon of the
carbanion RC(NO,),CH,CHCO,CH; more diffuse.
Therefore, the basicities of this series of carbanion inter-
mediates would be expected to vary inversely with the
magnitude of ¢* for the group RC(NO,),CH,~. This
leads to the ordering NO; < F < C1 < CO,CH; < H =

(19) Excepting fluorine, for those substituents which cannot delocalize
charge by a resonance interaction, AF%33° = 21.6 £ 0.1 kcal mol-!in
either solvent system. For nitro and carbomethoxy, AF*30s° is 0.6 and
2 kcal mol~! larger than the average value.

alkyl for their relative basicities.® As the specific rate
of protonation of a homologous series of carbanions
should be proportional to their basicities,?! the partial
rate factor Zkus[HA] for protonation would be ex-
pected to increase in the order NO, < F < CI < CO,-
CH; < H = alkyl. However, in 509 dioxane we ob-
serve acid catalysis with trinitromethide and carbo-
methoxydinitromethide ions as addends, but no catalysis
with either fluorodinitromethide or chlorodinitro-
methideions. We may conclude at this point that the ba-
sicity of the intermediate carbanion is not of prime im-
portance in determining the mechanism of these nu-
cleophilic addition reactions.

The alternative, an increase in the magnitude of k_,
for R = NO, and CO,CHj; relative to the other sub-
stituents, would account for the mechanism change ob-
served. Although we cannot obtain values of k_;, and
consequently AF*_, from the kinetic analysis, the values
of AF*, for R = NO; and CO,;CH; are 0.6 and 2 kcal
mol—! larger than for the remaining substituted dinitro-
methide ions.!®* As previously stated, a substituent
change which produces an increase in AF*, will produce
a decrease in AF*_; and thereby increase k_;. Though
this rationale for the mechanism change holds for R =
NO; in either solvent system and R = CO,CH;in 50%
dioxane, it does not predict the lack of acid catalysis on
transferring carbomethoxydinitromethide ion to the
aqueous system (see Tables Il and III). To account for
this change, we have compared the rate constant ratios
kHzo[HQO]/k._l and kHOAc/k-—l for R = NO;® and CO,CH;
in 509 dioxane?? and then transferred them to water to
determine how their magnitude changes on going to an
aqueous system.

In 5097 dioxane, the specific rate ratios for R = CO.-
CH3 are kHEO[HQO]/k._l = 1.2 and kHOAc/k-—l =17.5. The
corresponding values for R = NO; are 0.15and 2. For
a median [HOAc] = 0.1 M, the ratio Skus[HA) k- is
either close to or less than unity for each substrate.
Both reactions should be subject to acid catalysis; eq 10
or 12 applies. The change in these specific rate ratios on
changing the solvent to water can be estimated from the
Bronsted relation, log kua = « log Kua + log G. We
have previously defined® a modified Bronsted parameter «
as the slope of the graph of log kga/kyu - vs. log Kua and
noted that for trinitromethide ion, this slope, 0.3, is the
same for the reaction with methyl acrylate (50% di-
oxane) or S-nitrostyrene (methanol). A similar treat-
ment of the data for carbomethoxydinitromethide ion
gives « = 0.25. Assuming log G to remain essentially
constant, then the change in log kg4 is a function of the
change in pK of the catalyzing acids, water and acetic
acid. The ionization constants for these acids increase
by 200- and 300-fold, respectively, on going from 50%;
dioxane to water.!2.28  This corresponds to an increase
in the specific rate of protonation of RC(NO,),CH.-
CHCO,CH; by each acid present by about a factor of 4
for R = CO,CH; and a factor 5 for R = NO..

(20) o*cnopscH, = 1.62,1% o*pe(Nop,cH: = 1.57,'8 a¥cic(Noy.CH,
= 1.50,% o*ge00,cN0p.cH, = 1.25 (estimated from (20’*0H1N02.
0* CH,c0,cHy)/2.8 or from (0%cH0(NO, + 0*CHyco,cHs)/2.8; tef 13 gives
o*CHe(NOp; = 2.76) and o*alkylC(NOy.CH, = 1.0.13

(21) R.P. Bell, “The Proton in Chemistry,” Cornell University Press,
Ithaca, N. Y., 1959, p 160 ff.

(22) We have averaged the values of these ratios obtained for each
temperature because of uncertainties in the ratios km,o[H-Ol/km+,
kuoac/kas+, and k_1/kg+ from which they are derived.

(23) H. S. Harned and L. D. Fallon, J. Amer, Chem. Soc., 61, 2374
(1939).
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The effect on the magnitude of the catalytic term
Zkua[HA] on transferring the solvent from 5097 di-
oxane to water would be the following. For R =
CO,CH;, ku.o[H;0]/k—1 would increase from 1.2 to
about 10.2¢ The contribution due to kgoac, [HOAcC] =
0.1 M, would increase from 0.75 to 3. Therefore the
term Zkuga[HA)/k_, increases from 2 in 509 dioxane to
13 in water.® For this substrate, the denominator of
eq 10 would change from the limiting condition k_, =
Zkus[HA] in 509 dioxane to k_; << Zkga[HA] in
water. The reaction would not exhibit acid catalysis as
eq 11 would apply.

For R = NO,, we have calculated that kg,o[H.O]/
k_, would increase from 0.15 to 1.5 on going from 509
dioxane to water. The term kgoad HOAC)/k_, increases
from 0.2 to 1.0 at [HOAc] = 0.1 M. Therefore, the
change in the ratio Zkga[HA)/k_, is from 0.4 in 50 di-
oxane, Zkus[HA] < k_, (eq 12 applies), to 3 in water,
ZkualHA] = k_, (eq 10 applies). Thus, the same sol-
vent change for trinitromethide ion will not change the
mechanism from an acid-catalyzed reaction to an un-
catalyzed reaction. We conclude that the requirements
for acid catalysis in Michael additions are twofold.
First the substituents attached to the carbanion addend
must be able to delocalize negative charge by a reso-
nance interaction so as to lower the free energy of the
transition state for the addition (and reversal) of the
carbanion to the a,8-unsaturated system relative to a ref-
erence substituent for which the reaction is uncatalyzed.
In the absence of sufficient charge delocalization by the
substituent, reduced basicity of the intermediate carb-
anion formed in reaction 1 caused by an inductive
electron withdrawal by the substituent can effect a
mechanism change,

The data in Tables II and III show that the specific
rate of addition, ki, of carbomethoxydinitromethide ion
to methyl acrylate is an order of magnitude less than for
trinitromethide ion. The poorer nucleophilicity of
carbomethoxydinitromethide ion toward the double
bond indicates that the charge on this dinitromethide
ion is more delocalized than on trinitromethide ion.28
Though this conclusion is perhaps surprising, it has
been shown that trinitromethide ion is not planar in the
crystal.¥ Furthermore, trinitromethane is 2000 times
weaker an acid than the vinylog 2-nitrovinyldinitro-
methane whose conjugate base is planar in solution? as

(24) Since [H:0] in water is twice that in 507 dioxane, the term ku,0-
[H:0] should increase by a factor equal to twice that calculated for the
change in pKg,0.

(25) We have assumed k_i to remain constant on changing the reac-
tion medium. For reaction 1 reverse, charge is more dispersed on the
transition state than on the ground-state carbanion RC(NOy).CH:-
CHCO:CHs. Therefore, transferring the solvent from 50 % dioxane to
water should decrease k_1; ¢f. J. Hine, “Physical Organic Chemistry,”
2nd ed, Mc¢Graw-Hill, New York, N. Y., 1962, Section 3.1.f, and refer-
ences cited therein,

(26) The same conclusion can be reached from a consideration of the
activation parameters. For a reaction in which charge concentration
occurs on going to the transition state AAH*, AH*m,0 — AH*50% dioxanes
and AAS* should be smaller or negative relative to one in which charge
is more dispersed in the transition state than in the ground state. For
all R’s excepting CO:CH; and NO:, AAH* = 2.0 == 0.1 kcal mol~! and
AAS* = 6.4 = 0.6 cal deg~!. For R = NO; and CO:CH3;, the cor-
responding values are AAH* = 0.1 and — 0.7 kcal mol~! and AAS* =
0.4 and —2.0 cal deg~!. Therefore, there is greater charge concentra-
tion on going to the transition state for carbomethoxydinitromethide
ion than for trinitromethide ion. Assumingall the transition states to lie
at the same position along the reaction coordinate, we conclude that
there is greater charge delocalization on carbomethoxydinitromethide
ion than on trinitromethide ion.

(27) B. Dickens, Chem. Commun., 246 (1967).
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well as in the crystal.?® Therefore, the charge on tri-
nitromethide ion is apparently little delocalized by a
resonance interaction with the “nonplanar” nitro
group.” A rationale for the conclusion that carbo-
methoxydinitromethide ion is more nearly planar in so-
lution than trinitromethide ion can be made by as-
suming that there are fewer nonbonded oxygen repul-
sions in carbomethoxydinitromethide ion than in tri-
nitromethide ion. Replacing a nitro group by a carbo-
methoxyl group would be expected to reduce these re-
pulsions since the ether oxygen does not bear a formal
fractional negative charge as do the nitro oxygen
atoms.

It should not be construed that either of these carb-
anions are planar in solution. By comparison, cy-
anodinitromethide ion, which is planar in the crystal, ®
does not add to methyl acrylate under these condi-
tions?®! and its conjugate acid has a pK = —6.1 Re-
placing a nitro group in trinitromethide ion with the
linear cyano group significantly reduces oxygen—oxygen
repulsions and allows cyanodinitromethide ion to be
planar in solution as well as in the crystal.

The presence of an a-fluorine substituent confers en-
hanced reactivity upon the dinitromethide ion (Tables
II and III). The observed 2000-fold increase in the
specific rate of addition, ki, of fluorodinitromethide ion
in either solvent is due to a 5 kcal mol~! decrease in
AH*. Since AS* for fluorodinitromethide ion is essen-
tially identical with AS* (average) for the other sub-
strates, excepting NO, and CO,CHj;, the observed rate
enhancement for fluorodinitromethide ion is not due to
differences in the conformation of the ground or transi-
tion states for fluorodinitromethide ion relative to the
other dinitromethide ion substrates. Large solvation
differences between fluorodinitromethide ion and its
transition state relative to the other dinitromethide ions
may be ruled out as being responsible for the observed
rate enhancement, as AAS* and AAH* for this substrate
are the same as the average values of AAS* and AAH*.2¢
Thus, the 5 kcal mol~! decrease in AH* for fluorodi-
nitromethide ion must be due to destabilization of the
ground-state fluorodinitromethide ion. Explanations
have been offered for the destabilizing effect of an a-
fluorine substituent upon an sp?-hybridized carbon
which involve (a) weakening of the C-F ¢ bond re-
sulting from the increased electronegativity of an sp*-
hybridized carbon relative to an sp3-hybridized
carbon,®? and (b) repulsion of the delocalized p elec-
trons in the = system of the carbanion by the p pairs on
fluorine.®* Although no distinction as to which effect
is operating to destabilize fluorodinitromethide ion can
be made on the basis of the data presented, the magni-
tude of the a-fluorine effect should be proportional to
the degree of planarity of the carbanion. We are cur-

(28) L. A. Kaplan, N. E. Burlinson, W, B. Moniz, and C. Poranski,
ibid., 140 (1970).

(29) J. R, Holden and C. Dickinson, J. Amer. Chem. Soc., 90, 1975
(1968).

(30) N. V. Grigor’eva, N. V, Margolis, I. N. Shokhov, I. V. Tselinski,
and V. V. Melnikova, Zh. Strukt. Khim., 8, 175 (1967).

(31) In 509 dioxane with 0.2 M methyl acrylate and 0.1 M perchloric
acid, cyanodinitromethide ion is less than 0.1 % reacted in 7 days; i.e.
ki < 1078 M~1gec™1,

(32) 1. Hine, L. G. Mahone, and C. L. Liotta, J. Amer. Chem. Soc.,
89, 5911 (1967).

(33) D. J. Clark, J. N. Murrel, and J. M. Tedder, J. Chem. Soc., 1250
(1963), and W. A. Sheppard, J. Amer. Chem. Soc., 87, 2410 (1965).
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rently exploring the steric perturbation of the a-fluorine
effect on carbanion basicity and nucleophilicity.

Experimental Section

Caution! The compounds described in this work are explosives
and may detonate on grinding or impact. Appropriate shielding
should be used.

Preparation of Reagents. The potassium salts of the dinitro-
methide ions were prepared by the following procedures: tri-
nitromethide ion28 carbomethoxydinitromethide ion,** dinitro-
methide ion from 2,2-dinitro-1,3-propanediol? and potassium
hydroxide,® chlorodinitromethide ion,! and alky! dinitromethide
ions from the corresponding 1,1,i-trinitroalkanes by reduction
with potassium iodide in methanol.* Due to the instability of
fluorodinitromethide ion, stock solutions of fluorodinitromethane?
were used and the pH of the reaction medium adjusted (borax
buffers) so that the dinitroalkane was completely dissociated.
Control runs, in the absence of methyl acrylate, showed that
fluorodinitromethide ion is stable during the time required for the
kinetic runs.

Methy! acrylate, dioxane, and other reagents and their stock
solutions were prepared as described previously.3

(34) C. O. Parker, Tetrahedron, 17, 109 (1962).

(35) R. B. Kaplan and H. Shechter, J. Amer. Chem. Soc., 83, 3535
(1961).

(36) H. Feuer, G. B. Bachman, and J. P. Kispersky, ibid., 73, 1360
(1951).

(37) D.J. Glover and M. J. Kamlet, J. Org. Chem., 26, 4734 (1961).

(38) M. J. Kamlet and H. G. Adolph, ibid., 33, 3073 (1968).

Kinetic Procedures.®! Generally, the appropriate aliquots of
buffer components, methyl acrylate, and sodium perchlorate stock
solutions were placed in a 100-ml Iow-actinic volumetric flask and
additional solvent was added to a volume of about 90 ml. After
thermostating for at least 30 min, a 3-10-ml aliquot of a thermo-
stated dinitromethide ion stock solution was added, the mixture
was made up to volume with thermostated solvent and mixed by
shaking, and a 1-cm quartz cell was filled with the reaction mixture
and placed in the thermostated cell compartment of a Cary Model
14 spectrophotometer. This operation generally took less than
2 min. The optical density of the reaction mixture was contin-
uously monitored with time at Am.x for the dinitromethide ion
until it had decreased to essentially zero. Pseudo-first- and second-
order rate constants were evaluated as described in the Discussion.

For the kinetic runs in water using carbomethoxydinitromethide
ion as a substrate, a small correction had to be applied to the
pseudo-first-order rate constants due to a slow decomposition
reaction at the higher HOAc/OAc~ buffer ratios. For this purpose,
an identical control run without methyl acrylate was made for
each buffer ratio used in the kinetic study. The pseudo-first-
order rate constant for the decomposition reaction was subtracted
from the observed pseudo-first-order rate constant for the addition
to methyl acrylate. At the lower pH’s generated in 509, dioxane,
carbomethoxydinitromethide ion was found to be stable throughout
the kinetic runs.
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Two toluene derivatives, 2,4-dinitro-3,5-di-tert-butyltoluene (4) and 2,6-dinitro-3,5-di-rers-butyltoluene

(5), are formed in 32 and 2% yields, respectively, by nitration of 2,4,6-tri-tert-butylnitrobenzene with fuming nitric
acid. The paths leading to 4 and 5 are characterized as molecular rearrangements of the intermediate cyclohexa-

dienyl cation 1a followed by alkyl fragmentation.
ter of the methyl migration.

Deuterium labeling studies establish the intramolecular charac-
Nitrogen-15 labeling studies permit identification of the rers-butyl group undergoing

rearrangement—fragmentation to yield the major fragmentation product, 4. These data, coupled with kinetic iso-
tope effect data, serve as the basis for discussion of the detailed mechanism of rearrangement—fragmentation.

he nitration of 2,4,6-tri-fert-butylnitrobenzene (1)
yields a diverse set of products, eq 1. The iden-

NO, NO, NO,
+ B, + +
NO,
1 2 3
(Y]
NO, NO,
CH,
+
NO, NO,
CH, 5

4

(1) (a) Address correspondence to this author at Harvey Mudd
College; (b) National Science Foundation undergraduate research
participants.

tification of 2,4-dinitro-3,5-di-fert-butylitoluene (4) and
2,6-dinitro-3,5-di-rert-butyitoluene (5) among them
necessitated a search for a rational mechanistic path.?
This transformation of a tert-butyl group to a methyl
group during aromatic nitration seemed most readily
explained if one could permit the intermediate cyclo-
hexadienyl cation 1a to rearomatize to products by two
competitive paths, one being molecular rearrangement
with fragmentation to yield 4 or 5, the other being a
proton loss to yield 1,3-dinitro-2,4,6-tri-tert-butylben-
zene (2), eq 2.

Rather special circumstances appear necessary for
effective competition of rearrangement—fragmentation
with proton loss. Most important of these is a slower
than “normal”’ rate of proton transfer from la. An
increase in the barrier to proton transfer could be rea-

(2) At 40°, the observed distribution of products is: 2, 49.%;. 3,
17%; 4,32%; and5,2%. Moredetailed discussion of the distribution
data is available in ref 3.

(3) P. C. Myhre, M. Beug, and L. L. James, J. Amer, Chem. Soc., 90,
2105 (1968).
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