Kinetics and Mechanism of Reaction of Methoxide Ion
with O-(N-Arylcarbamoyl)benzophenone Oximes
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A series of nine O-(N-arylcarbamoyl)benzophenone oximes and their two N-methyl derivatives
has been prepared and characterized. For estimation of mechanism E1cB of the above-mentioned
compounds a new simple competition test using butylamine and kinetic studies were used. Hammett
reaction constants for the given reaction pons = 0.68 and pi, = —1.32 were calculated.

The reaction of substituted O-(N-phenylcarbamo-
yl)benzophenone oximes with dibutylamine in toluene
was studied by Levine and Fech [1]. The present com-
munication represents a continuation of our previous
study of hydrolysis of O-(N-4-nitrophenylcarbamoyl)-
benzaldehyde oximes [2, 3]. The aim of our work
was to complete the knowledge about the substi-
tution influence from the ring joined to a nitrogen
atom. We have also tried to verify a simple way
for the evaluation of the reaction mechanism. The
change of O-(N-arylcarbamoyl)benzaldehyde oximes
for O-(N-arylcarbamoyl)benzophenone oximes (la—
IIb, Formula 1) was chosen taking into account the
decreased number of isomeric and subsequent prod-
ucts that could be formed. Methanol was chosen to
ensure the homogeneity of the reaction mixture and
to eliminate the decarboxylation.
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EXPERIMENTAL

Benzophenone oxime was prepared by oximation of
benzophenone [4]. N-Methyl- N-phenylcarbamoyl chlo-
ride and N-methyl- N-(4-nitrophenyl)carbamoyl chlo-
ride were prepared by a standard procedure from
corresponding anilines by reaction with phosgene
according to our previous paper [2]. Methyl N-(3-
nitrophenyl)carbamate (Ref. [5] gives m.p. = 148—
150°C) was prepared by heating 3-nitrophenylisocyan-
ate in methanol solutions for 10 min. Methyl N-
methyl- V-(4-nitrophenyl)carbamate, m.p. = 132—
134°C, was prepared from N-methyl- N-(4-nitrophenyl)-
carbamoyl chloride by a similar way [6]. N-Butyl-
N'-(3-nitrophenyl)urea (m.p. = 127—128°C) was pre-
pared by the reaction of 3-nitrophenylisocyanate with
butylamine in ether [7].

O-(N-Arylcarbamoyl)benzophenone ozimes (la—
Ih). Solution of 0.01 mol of benzophenone oxime in
10 cm? of toluene was mixed with a solution of 0.01
mol of arylisocyanate in 5 cm® of toluene. The mix-
ture was heated at 100°C in a sealed ampoule for 3
h. The product crystallized after cooling and was re-
crystallized from propan-1-ol and then kept in dark.
The yields, melting points, and results of elemental
analyses are given in Table 1.

O-(N-Methyl-N-arylcarbamoyl)benzophenone ozi-
mes (Ila, IIb). 0.6 g of sodium was dissolved in 25
cm® of methanol, and a solution of 0.025 mol of ben-
zophenone oxime in 25 cm® of methanol was added
thereto. Methanol was distilled off in vacuum and the
residue was washed three times with benzene. Then a
solution of 0.025 mol of the corresponding carbamoyl
chloride in 50 cm? of benzene was added. The mix-
ture was heated under reflux for 2 h. After cooling
the precipitated sodium chloride was filtered off, the
benzene solution was washed with 100 cm?® of water,
dried with sodium sulfate and concentrated for crys-
tallization. The raw products were crystallized from
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Table 1. Characterization of the Prepared O-[N-(X-Aryl)carbamoyl]benzophenone Oxime

wi(cale.)/%
Compound Formula M, wi(found)/% Yield M.p.
C H N % c

Ib C21H18N202 330.43 76.33 5.49 8.48 71 135.0—137.0
76.02 5.40 8.22

Ic Cs1H18N202 330.43 76.33 5.49 8.48 64 118.0—119.5
76.07 5.17 8.59

Ie C20H15CIN2O2 350.84 68.56 4.32 8.00 75 117.5—119.0
68.29 4.15 7.75

Ig C21H15F3N202 384.41 65.61 3.94 7.29 48 125.5—127.0
65.30 4.13 7.15

Ih Co0H15N304 361.46 66.41 4.15 11.63 78 161.0-—163.0
66.45 4.35 11.39

Ila C21H18N20> 330.43 76.27 5.45 8.47 57 124.5—126.0
76.51 5.79 8.33

11b C21H17N304 375.45 67.58 4.57 11.20 62 173.0—175.5
67.99 4.63 11.00

Ia: M.p. = 177.0—179.0°C, Ref. [1] gives m.p. = 178.0—180.0°C; /d: m.p. = 125.5—127.0°C, Ref. [1] gives m.p.= 126.0—127.0°C;
If: m.p. = 1£0.0—152.5°C, Ref. [1] gives m.p. = 151.5—153.0°C; [i: m.p. = 162.0—164.0°C, Ref. [1] gives m.p. = 162.0—164.0°C.

ethanol, dried and kept in dark. The yields, melting
points, and elemental analyses are given in Table 1.

Identification of Reaction Products of ITh and
IIb

The solution of 0.1 g of Ik or IIb in 1 cm? of diox-
ane and 10 cm® of 5 % sodium methoxide in methanol
was heated at 100°C for 30 min and then gaseous
dry hydrogen chloride was passed into the solution
to achieve pH 5. Sodium chloride was filtered off and
methanol from organic filtrate was evaporated. The
residue was submitted to TLC on Silufol UV 254, us-
ing methanol—chloroform as eluent (¢, =1 8). Po-
sitions of individual fractions were detected by the
UV54 nm lamp and the retention times of the ex-
pected reaction products decreased in the order: Rp
(methyl N-(3-nitrophenyl)carbamate), R (methyl N-
methyl- N-(4-nitrophenyl)carbamate), Rrp (benzophe-
none oxime), Rp (N-butyl-N-(3-nitrophenyl)urea).

The reaction of Ih and sodium methoxide (¢ = 0.7
mol dm~2) in methanol was carried out in the presence
of butylamine (¢ = 0.7 mol dm~3) and the products
were analyzed at the same conditions.

Solutions of Ik or IIb in methanol were heated to
100°C for 12 h in sealed ampoules and then analyzed
in a similar way.

Kinetic Measurements

The measurements were carried out in a 1 X
1072—2.5 mol dm~2 sodium methoxide solution in
methanol under nitrogen. For the measurement about
10 mm?3 of dioxane or methanolic solutions of the com-
pounds Ja—IIb were injected into 3 cm® of methoxide
solution in a cuvette. The measurements were car-
ried out from 25°C to 45°C. Concentrations of Ja—
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IIb in the reaction mixtures were (1 to 2) x 1073
mol dm~3 The progress of the reaction was moni-
tored by recording the UV spectra in the region from
220 nm to 450 nm at various time intervals. The de-
crease of concentrations of Ja—IIb was followed by a
measurement of absorption on a Packard HP 8452A-
diode array spectrophotometer. Rate constants were
determined from the relation In(Ae — At) = kobs t,
where A, and A; represent the final absorption and
the absorption at time t, respectively. In case of slowly
proceeding reactions at 25°C the reaction constants
were calculated using the similar ones measured at
higher temperatures at the Eyring equation In kops =
In(kT/h)— AH#/RT + AS#/R. For this case we have
also calculated the activation parameters (AH7 and
AS#).

The concentration of sodium methoxide was deter-
mined by alkaline titration (phenolphthalein) at 25°C.

RESULTS AND DISCUSSION

Compounds I or II form white crystals soluble
in alcohols. After a daylight exposition for many
days 0.5 to 2 % of decomposition products were ob-
served. Methanolysis in pure methanol did not take
place even if the solution of I or II was heated at
100°C for 12 h. Studying the structurally similar O-(4-
nitrophenylcarbamoyl)benzaldehyde oximes we ob-
served a spontaneous hydrolysis [3].

In the presence of sodium methoxide in methanol
formation of sodium salts of benzophenone oximes
and corresponding methyl N-phenylcarbamates was
observed. The rates of reactions of methoxide ion with
I or ITfollowed the pseudo-first-order kinetics in all the
cases. The concentration dependences (log{cNaoMe})
of log{kobs} are given in Fig. 1.

The evaluation of the rate constant kome =

Chem. Papers 51(1)29—32 (1997)



O-(N-ARYLCARBAMOYL)BENZOPHENONE OXIMES
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Fig. 1. Dependence of log{kobs} of methanolysis of O-(N-
phenylcarbamoyl)benzophenone oximes and their N-
methyl derivatives on log{cniome} at 25°C. Com-
pound Ja is indicated by the point (0), Ib (©), Ic (®),
Id (@), Ie (@), If (0), Ig (D), Ik (®), Ii (©), Ila (D), IIb
(m).

kobs/cNaoMe Was carried out in the concentration
range where the rate is proportional to the concentra-
tion of the “OMe ion. The values of kome are given

in Table 2. Two mechanisms can be considered for the
reaction of sodium methoxide with I in methanolic
media (Scheme 1).

The reaction of I with methoxide via Ba.2 in-
volves direct attack of carbonyl group of the neutral
substrate by methoxide ion with simultaneous split-
ting off of the benzophenone oximate ion. The ElcB
mechanism involves decomposition of the conjugated
hase of I into oximate ion and aryl isocyanate in the
rate-limiting step. In the subsequent rapid step the
isocyanate reacts with methanol to give methyl N-
arylcarbamate. With the N-methyl derivative only the
Bac2 mechanism is possible. The literature gives var-
ious criteria for the determination of the mechanism
of the hydrolysis of carbamates [8]. Among those that
can be used for methanolyses belongs the compari-
son of the reaction rates and activation entropies of
the corresponding N-methyl derivatives. The very reli-
able one is the evaluation of the substitution influences
from the aromatic ring [8]. The reaction rate of I with
methoxide ion at its low concentration is faster by 1—
2 orders of magnitude than that of the corresponding
N-methyl derivatives II. This fact could suggest differ-
ent mechanism [9] in the two series, but the difference
could be interpreted as steric or inductive effect of the
methyl group. From Scheme 1 eqns (1) and (2) can be
derived for the two reaction paths

kobs = ky I{MeOH/(A’z\ + ("H) (1)

OMe
k,, MeO™ o
AINHCON=CPh, ———— ANH—C—0  —— ArNHCO,Me + “ON=CPh,
I e O—N=CPh,
Ky |4 £H*
“ MeOH, MeO™
AINTCO=NCPh, 2 TPRENO 0
ElcB
Scheme 1

Table 2. Rate Constants kome/(dm® mol~! s~1) and kz/s™! at 25°C of the Reaction of Methoxide Ion with O-(N-

Arylcarbamoyl)benzophenone Oximes

Compound 10* {kome} 104 {k2} Compound 10* {kome} 10% {k2}
la 467 (r = 0.99; s = 23) Iy 883 (r = 0.98; s = 116) 299
Ib 396 (+ = 0.99; s =21)* Ih 1240 (r = 0.99; s = 80) 242
Ic 430 (r = 0.99; s = 32) Ii 1370 (r = 0.99; s = 95) 203
Id 321 (r = 0.98; s = 53) Ia 3.34 (r = 0.99; s = 0.04)°
Ie 741 (r = 0.99; s = 45)® 311 1Ib 3.02 (r = 0.99; s =0.07)
if 580 (r = 0.99; s = 31)*

a) Values of rate constants at 25°C were calculated from the similar rate constants at higher temperatures. Activation parameters
AH# (kJ mol~1), AS# (J K~! mol~1) for Ib: 83.0, —3.3; e: 76.2, —16.9; If: 74.1, 10.2; Ila: 51.3, —119.7.
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kobs = kz I{a/(I(a + aH) (2)

These two equations are kinetically equivalent at all
concentrations of sodium methoxide and cannot be
used to distinguish the two pathways. When ay > K.,
then in the first case kobs = k1 cnaoMme and in the
second one kobs = k2 K. cNaome-/Kmeon (Fig.
1). When ag < K,, then in the first case kops =
k1 Kwmeon/Ka, whereas in the second one kops = ko.
The formation of the tetrahedral intermediate in the
reaction proceeding by the Ba.2 mechanism is char-
acterized by a high negative value of the activation
entropy [8] Table 2 gives the comparison of this value
for the compounds Ib, Ie, If , and Ila. The activation
entropy of N-methyl derivative (IIa) is negative and
by about 100 e.u. higher than those for the compounds
L

To evaluate the influence of the substituent on
the ring joined to a nitrogen atom on kome, we se-
lected eight substituents in the series of carbamates
Io—Ih, with Hammett parameters o. From the de-
pendence of log kome vs. o we obtain logkome =
0.680 — 2.74 (r = 097, s = 0.04). Similar value
of the reaction constant for phenyl N-arylcarbamates
pobs = 0.64 was observed by Hegarty and Frost [10].
From eqns (I) and (2) we can derive the relation
log kome = logks + log K, + pKmeon for the ElcB
mechanism and consequently the reaction constant
POMe = PK. + Pk,-The break of the increasing depen-
dence of log {kobs} on log {[NaOMe]} for compounds
Ia—Ih in Fig. 1 is represented by kinetic values K,.
Those ones increase with the increasing o values of the
substituents adjacent to N-aryl group. On the other
hand, k» values which were derived from eqn (2) as
the “plateau” kons have a reversed relationship to o
values. The constants ky are given in Table 2.

The Hammett dependence log k2 = —1.32 0 —0.61.
Using both reaction constants pome and pi, the value
pr, = 2.0 can be calculated for the ionization of I. The
decrease of ko,s of 3-Cl, 3-CF3, 3-NO,, and 4-NO,
derivatives at high concentrations of methoxide ions
is due to the influence of medium on the activity co-
efficients of transition states of conjugate bases. Spec-
tral characteristics of the starting reagents le, Ig—
It and their products are practically the same within
the concentration range log {cmeona} = 0.0 to 0.3 as
those in the “plateau” area. The similar dependence
was observed in the reaction of 1,3-diacylthioureas
with methoxide ion [11], or in the reactions of benzoyl
derivatives of the substituted phenylthioureas with
methoxide ion [12]. In both cases that decrease was
observed even at the concentrations log {cmeona} >
- 0.7 The observed rate constants of Ila and IIb
increase linearly with increasing methoxide ion con-
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centration (Fig. 1). The slope of the linear depen-
dence of log kobs On o constant is ca. 0 in accordance
with the Ba.2 mechanism. We observed similar de-
pendence in the hydrolysis of (E)-O-(N-methyl-N-4-
nitrophenylcarbamoyl)benzaldehyde oximes [2].

We have used butylamine to determine the mech-
anism of the reaction in another simple way. Butyl-
amine in dioxane solution reacted with compound
Ih to give N-butyl-N'-(3-nitrophenyl)urea. The mix-
ture of 0.7 mol dm~3 sodium methoxide and 0.7
mol dm~® butylamine in pure methanol with Ih
gave an almost equivalent mixture of methyl N-(3-
nitrophenyl)carbamate and N-butyl- N'-(3-nitrophenyl)-
urea. The same amount of butylamine in pure
methanol reacted with Ih to yield a mixture with al-
most the same ratio of products as in the previous ex-
periment. The concentration of methoxide ions in 0.7
mol dm~2 butylamine in methanol is ca. 2 x 1073
mol dm~3 (according to Ref. [13] pK, of protonated
butylamine in methanol is 11.7). This experiment sup-
ports the mechanism ElcB.

If the methanolysis proceeded by Ba.2 the amount
of methyl N-(3-nitrophenyl)carbamate should be more
than two orders of magnitude smaller in this experi-
ment.
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