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Reactions of 1-dimethylamino-2,4-dinitronaphthalene with potassium methoxide or ethoxide were carried
out in DMSO-CH,0OH or DMSO-C,H;OH (90:10 v/v), respectively, where the 1,3-disubstituted anionic ¢
complexes were first rapidly formed, undergoing isomerizations to the 1,1-disubstituted anionic ¢ complexes.
Rates and activation parameters were determined by kinetic studies using stopped-flow and conventional spec-

trophotometers.

The rate constant (25 °C) for the formation of 1,3-disubstituted one in DMSO-CH,OH is

about half that in DMSO-C,H;OH, whereas the rate constant (25 °C) for its decomposition is more than twice
that in DMSO-C,H;OH. The apparent pseudo-first-order rate constant for the formation of I,l-disubstituted
anionic ¢ complex in DMSO-CH,OH depends upon the methoxide ion concentration, whereas that in DMSO-

C,H;OH is almost independent of the ethoxide ion concentration.

activation parameters.

In our previous work!) we reported detailed kinetics
of reactions of 1-dialkylamino-2,4-dinitronaphthalenes
with potassium methoxide in DMSO-CH,OH, where
1,3-disubstituted anionic ¢ complexes are first formed,
undergoing isomerizations to 1,1-disbustituted ones ac-
cording to
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Thus we found that the kind of the 1-dialkylamino
groups and the DMSO content in the mixed solvent
will affect the rate of formation and decomposition
of 1,3- (1a) and 1,1-disubstituted anionic ¢ complexes
(1b).

Therefore, replacement of potassium methoxide by
potassium ethoxide would be expected to affect the
rates of formation and decomposition of both com-
plexes.

This paper reports a comparison of the results ob-
tained in the case of potassium ethoxide with those
in the case of potassium methoxide in order to elucidate
further the reaction mechanism.

Results

Absorption Spectra. Upon addition of excess eth-
anolic G,H,OK to 1-dimethylamino-2,4-dinitronaph-
thalene (1) in DMSO-C,H,OH (90:10 v/v), the so-

The mechanism is discussed on the basis of

lution was colored red instantly (Fig. 1): Curve b,
for the formation of a complex (2a, corresponding to
la), was first obtained, which was then gradually
changed into Curve d due to the formation of a com-
plex (2b, corresponding to 1b). The time-dependent
spectral change is clearly interpreted on the basis of
the reaction paths defined by
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1

On the other hand, NMR spectrometry, which is
generally recognized useful for elucidating structures
of anionic ¢ complexes,®% also showed that the pro-
cess (Eq. 2) is valid: Just after addition of ethanolic
C,H;OK (1.19 X104 mol) to a DMSO solution (0.4
ml) of 1 (1.15x10-4mol) at room temperature, the
solution turned red at once, suggesting the formation
of a complex. Just after addition, H; sharp singlet
(6=8.70) of 1 shifted upfield (6=6.27, H; of 2a).
Fast sweep time (500 Hz/50 s) and fast procedures are
indispensable for detecting spectral changes. One min-
ute and a half after addition, a new singlet, due to
H; of 2b, appeared at §=9.26 at the expense of the
singlet at §=6.27 which appeared faintly.

It is thus expected that the discrete kinetics of for-
mation and decomposition of 2a and 2b is possible.

Kinetic Runs. Let us rewrite Eq. 2 in a form
convenient for quantitative discussion as follows:
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According to the results of UV-VIS and NMR spectra,
the reaction will occur in two distinct stages: The
chemical transformations responsible for the first (Spec-
trum a—b) and second spectral changes (Spectrum
b—c—d), to be termed Stage I and Stage II, respec-
tively. The Stage I reaction (122a) is much faster
than the Stage II reaction (122b). Accordingly, in
treating the Stage I kinetics, the Stage II reaction
can be neglected; the Stage I reaction goes to com-
pletion in a few tenths of a second (Table 1), making
negligible the possible kinetic effect from the Stage
II reaction.

Stage 1. The pseudo-first-order rate constant,
k,, for the attainment of an equilibrium (K,) is the
sum of forward and reverse components.? For the
Stage I reaction the kinetic expression (Eq. 4)

ky = k([CH;071+[1]) + k- 4)
ky = k[CH;07] + £ (3)
TaBLE 1.

400 500 600
Wavelength/nm

Fig. 1. Spectral change relevant to the reaction of
1-dimethylamino-2,4-dinitronaphthalene (1)  with
C,H,OK in DMSO-C,H,OH (90:10v/v) at room
temperature.
a: 1 (3.5x10°M) (I M=1moldm=3), b: just after
addition of C,H,OK (4.42x 103 M), c: 15 min after
addition, d: 90 min after addition.

should hold. Under the actual condition [CoH;O-]>
[1], Eq. 4 is simplified to Eq. 5.9

As a result, £; and k_; are estimated from the slope
and intercept in the linear dependence of k, on
[C,H,O-] (not shown). Table 1 shows the depend-
ence of £, on the ethoxide ion concentration, including
the estimated rate and equilibrium constants. Table 2

RATE AND EQUILIBRIUM CONSTANTS FOR THE FORMATION AND DECOMPOSITION OF 1 ,3-DISUBSTITUTED

ANIONIC ¢ COMPLEXES FORMED FROM l-DIMETHYLAMINO-2,4-DINITRONAPHTHALENE (1)
AND POTASSIUM ALKOXIDES IN (90:10 v/v) aT 25°C

[ROK] kgD 10 £_,© K,
M s M-1s-1 s—1 M-
DMSO-CH,OH»
103[CH,0K]
2.16 1.95+0.07
3.53 2.94+0.09
6.35 4.66+0.03
7.20 5.08+0.06
8.10 5.494-0.10
8.80 6.05+0.05 607129 6.9841.44® 940+ 2309
9.90 6.70+0.06
11.0 7.374+0.05
12.0 8.00+0.04
13.0 8.60+0.07
14.0 9.27+0.08
DMSO-C,H;OH»
103[C,H;0K]
3.25 3.98+40.05
4.13 5.11+0.05
6.50 7.77+0.42
6.88 8.60+0.07
9.63 12.0 +0.1
9.75 11.6 #+0.1 1190425 3.00+0.16 438041400
12.3 15.2 +0.7
15.1 18.5 +0.1
16.3 19.5 0.5
17.8 20.0 +0.7
19.5 23.0 +0.8

a) [1]1=2.0x10-*M; u=0.05 (KCIO,).
from Eq. 5. d) Calculated from K;=#k/k_;.

b) Measured at 565 nm by the stopped-flow method.
e) Although the values are a little different from those in Table

c) Calculated

1 in Ref. 1, they are more rigorous because of the broader range of [CH;OK] adopted for the measurement,
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TABLE 2. TEMPERATURE DEPENDENCE OF RATE CONSTANTS
FOR THE FORMATION AND DECOMPOSITION OF 1,3-DISUB-
STITUTED ANIONIC ¢ COMPLEX FORMED FROM |-DIMETHYL-

AMINO-2,4-DINITRONAPHTHALENE (1) AND POTASSIUM
ETHOXIDE IN DMSO-C,H;OH (90 : 10 v/v)®

Temp ko ® ky® K a)
°C M-1s-1 st M-
15 519+ 8 0.10+0.02 5420+1160
25 1190425 0.30+0.16 4380+1400
35 2430420 —°) —e)
40 3510460 —e) )
a) [1],=2.0x10*M; £=0.05M (KClO,). For the

results of the reaction of 1 with CH,OK, see Table 2
in Ref. 1. b) Calculated from Eq. 5. c¢) Calculated
from Eq. 5. d) Calculated from K,;=#k/k_,. €) Not
calculated owing to too large errors.

TaBLE 3. KINETIC AND THERMODYNAMIC PARAMETERS
FOR THE FORMATION AND DECOMPOSITION OF 1,3-DISUB-
STITUTED ANIONIC ¢ cOMPLEXES IN DMSO-ROH
(90:10 v/v) at 25°C

DMSO-CH,0OH®v

DMSO-C,H;0H

ky/M-1s1 607412 1190425
10 k_yfst 6.98+1.44 3.00+£0.16
K,/M~ 940+230 438041400
AH,*[kcal mol! 10.6+2.5 10.84+2.2
AS,*fe.u. —10.047.4 —8.344.5
AH_,*[kcal mol—* 13.443.7 —
AS_y*[e. —14.1+11.9 —

a) Cited from Ref. 1.

shows the dependence of k;, £_;, and K, on reaction
temperature.

The kinetic and activation parameters obtained from
the Arrhenius plot (not shown) are summarized in
Table 3.

Stage 1. As shown in Fig. 1, the first spectral
change (1222a) can be followed by stopped-flow spec-
trophotometry, whereas the second one (2a21222b)
can be measured by usual spectrophotometry. As a
result, the Stage I reaction is very fast compared with
the Stage II one, because the time scale of measure-
ment by stopped-flow spectrophotometry is extremely
short compared with that by usual spectrophotometry.
Therefore, the Stage I reaction can be treated as a
fast mobile equilibrium, with shift almost entirely to
the right, in treatments of the Stage II kinetics.

As to the rate of the Stage II reaction, the kinetic
expression derivable from Eq. 3 should take account
of the possibility that the substrate may be split be-
tween 1 and 2a. Putting [1],,=[1]+[2a] and with
K, standing for the equilibrium constant for the Stage
I reaction, one obtains
_ RlGH07]
1+ K,[CH,0]’

where £, is the pseudo-first-order rate constant for
the Stage 1I reaction, and &, and k_, the rate constants
for the forward and reverse reactions.

From Eq. 6, the dependence of £, on [C,H.O-]

(6)

kobsa = kg
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would afford a curvilinear relationship, in which the
curve would not pass through the origin. If the £_,
value can be obtained by extrapolation from the rela-
tionship between £,,,, and [C,H;O~], one may derive
the following equation by substituting the value into
Eq. 6 and rearranging:
1 1 K,

kovsa—k-a  k[CoH;07] * ky
Thus, £, and K; can be obtained from the slope and
intercept in the plot of 1/(k,,.a—Fk_,) against 1/
[C,H,O-]. In the inversion plot the k_, value was
determined so that the best linear relationship might
be established. Therefore, there might be some am-
biguity in the £_, values.

Table 4 shows the dependence of k,,,, on the alkox-
ide concentration, including the estimated rate and
equilibrium constants. The relationships (Egs. 6 and
7) hold for the reaction of 1 with CH,O-1 (Figs. 2
and 3). It is clear, however, that the £, values
hardly depend upon [C,H,O-].

™)

Discussion

Activation Parameters of Stage I. The difference
between the £, values depends upon the AS,* rather
than the AH," values, although the AH,* and AS;*
values compensate each other (Table 3). This rela-
tionship reasonably arises from the difference between
the structures of the transition states leading to la
and 2a. The transition state leading to 2a would
resemble the intermediate 2a less closely than does
the one leading to la; the C,H;O---C; (naphthalene)

TABLE 4. RATE CONSTANT FOR THE FORMATION AND
DECOMOOSITION OF 1,1-DISUBSTITUTED ANIONIC @
COMPLEX FORMED FROM l-DIMETHYLAMINO-2,4-DI-

NITRONAPTHALENE (2) AND POTASSIUM ETHOXIDE IN
DMSO-C,H;OH (90:10 v/v) aT 25°C»

10°[C,H,OK] 10% £opsa (ks/Ky) + ks
M s st
1.00 3.06
1.22 3.08
1.30 3.07
2.00 3.12
2.44 3.23
2.61 3.31
3.00 3.15
3.66 3.15
3.91 3.38 3.184+0.16x 102
4.00 3.22
4.88 3.16
5.00 3.24
6.10 3.19
6.52 3.22
7.83 3.19
8.00 3.14
9.13 3.15
9.76 3.10

a) [2],=3.96x 105 M; p=0.05 M (KCIO,). Measured
at Amay 919nm. For the results of the reaction of 1
with CH,0K, see Table 4 in Ref. 1. b) The (£/K;)
+%_, value is the average of Kopgq’s,
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bond would be less closer to the covalent bond (C,H;O-
C,) in 2a. This situation would likely originate from
the higher nucleophilicity of C,H,O-. As a result,
the free energy AG,* (=AH,"—TAS,*) for the for-
ward reaction (Eq. 2a) is less than the free energy
AG,* for the forward reaction (Eq. la) due to more
delocalization of the negative charge donated by
C,H;0-.

Stage II. As described previously, the rate expres-
sion for Stage II is as shown in Eq. 6. Equation
6 is consistent with the results for the reaction of 1
with CH;O- (Fig. 2). The k_, value can be deter-
mined by extrapolation of 1/[CH;O-]—0. The in-
version plot using the k_, value (Eq. 7) shows a good
linearity (Fig. 2).

For the reaction of 1 with C,H;O-, however, the
kousq values hardly depend upon [CyH;O-] at the eth-
oxide ion concentrations studied (Fig. 3). The results
could rationally be interpreted as follows: The K,
value for the reaction of 1 with C,H,O~ was deter-

mined to be 4380 M1 (1 M=1mol dm-3). Accord-
-2___1 -1
10 IZCH3OKJ/ M o
10 — 09

(0]

\

5

1

13

5

1071

102 kobsd/s'1

0 0 - ' 5.0

103 [CH30K1/M

Fig. 2. Relationships between kopsq and [CH;OK] and
between 1/(kgpsa —k—5) and 1/[CH;OK] in naphthalene
(1) with CH,OK in DMSO-CH;OH (90:10 v/v) at
25°C [cited from Ref. 1]: [1], 3.20x10-° M; u
0.05 M (KCIlO,).

o
o1
—

108 kohsd/S-i

2 ’ 1 2 A 1 i 1
00 5.0 10
103[C,H,OK]/M
Fig. 3. Relationship between kopgq and [C.H;OK] in
the reaction of 1-dimethylamino-2,4-dinitronaphtha-
lene (1) with C,H,OK in DMSO-C,H,OH (90:10
v/v) at 25°C,

[Vol. 56, No. 3

ing to this value, K;[C,H,O-] varies from ca. 4 to
ca. 43 (Table 4). In Eq. 6, then, 14K,[CH;0"]
is nearly equal to K;[CoH;O~] except for the [C,H;O7]
range 1.00 to 1.30 x 103 M. As a result, £, is equal
to k_p4(Ko/K;) (Fig. 3). Accordingly, in the case of
1 with C,H,0-, too, the reaction will proceed as shown
in Eq. 3.

It is of interest to compare our results with those
of Millot and Terrier,”’ who carried out a kinetic
study of the reaction of 2 with potassium methoxide
in DMSO-CH,OH (90:10 v/v) at 20 °C and proposed
the sequences

k1
NO2 _ - 3a
+ CH30
NO2

k
% CH30. OCH3
k-2 NO2
g e
NO2

3b

2

The values they specified are as follows: £, 7800 M—1
s71; k_; 8.5s71; K; 916 M5 £, 2100 M-1s~; k_, too
small to be decided.

With the Stage I reactions (Egs. la, 2a, and 8a),
the k, and k_; values for the reaction of 2 with CH;O~
are the largest, but the K, values are similar in both
cases (Egs. la and 8a), whereas the K, value for the
reaction of 1 with C,H,O~ (Eq. 2a) is much larger
than those in the other cases (Egs. la and 8a). Fur-
ther, the k,(3a)/k,(1a) and k_,(3a)/k—(1a) ratios are
ca. 12, whereas the k,(3a)/k;(2a) and k_,(3a)/k_,(2a)
ratios are ca. 6.6 and ca. 28, respectively. That is to
say, in the former cases (Egs. la and 8a) the £; and
k_, ratios are quite the same, whereas in the latter
(Eq. 2a) the k, ratio is about one seventh the k_, ratio.
The difference arises from the fact that the free energy
(AG;*) for the reaction of 1 with C,H;O~ is the least
among the three cases (Egs. la, 2a, and 8a) and,
then, the complex 2a is the most stable as described
above.

In conclusion, it is confirmed that the reactions of
1-dialkylamino-2,4-dinitronaphthalenes with alkoxides
will proceed according to Eq. 1 and that the larger the
nucleophilicity of alkoxides is, the stabler are the an-
ionic ¢ complexes.”

Experimental

NMR spectra were recorded on a Varian A-60D spec-
trometer and UV-VIS absorption spectra on a Hitachi Model
200-10 spectrophotometer.

Materials. Compound 1 was prepared according to
the method described previously.” A small amount of cal-
cium hydride was added to commercial dimethyl sulfoxide,
which was then distilled under reduced pressure prior to
use. Commercial potassium perchlorate of special grade was
used without further purification,
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Rate Measurement. As regards the kinetics of forma-
tion and decomposition of 1,3-disubstituted anionic ¢ com-
plex, the transmittance of the complex was measured in
order to estimate the apparent pseudo-first-order rate con-
stants (k,) with a thermostated Union RA-1300 Stopped-
Flow Analyser (Union Giken). The kinetic measurements
for the formation and decomposition of 1,1-disubstituted ones
(kobsa) were made with a thermostated Hitachi Model 200-
10 Spectrophotometer.

This research was supported in part by a Grant-
in-Aid for Scientific Research No. 455330 from the
Ministry of Education, Science and Culture.
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