
QFL5920 – MECANISMOS DAS REAÇÕES ORGÂNICAS 
 

1. Indique se as reações abaixo apresentam efeito isotópico cinético (EIC). O efeito 

será normal ou inverso, primário ou secundário? Justifique. 

 

 

 
 

2. A partir dos valores de efeito isotópico cinético abaixo indique as etapas lentas 

das hidrólises de ésteres e amidas nas condições apresentadas. 

 
 

3. Foram determinados os seguintes EICs na halogenação radicalar do tolueno: 

 
kH
kD

 

 1,3 

 4,6 

 

Contudo, os valores de EIC para a halogenação eletrofílica de benzeno e benzeno-

d6 são: 

H(D)

O

N3–+
H(D)

O

N3

H(D) H(D)

O

O

O H(D)
O H(D)
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O
C OCH3HkH/kD = 0,81

k12C/k13C = 1,028

k16O/k18O = 1,009

k16O/k18O = 0,9945

CATÁLISE ÁCIDA

O
C OCH3HkH/kD = 0,95

k12C/k13C = 1,034

k16O/k18O = 1,009

k16O/k18O = 0,999

CATÁLISE BÁSICA

H2O
k16O/k18O = 1,023

O
C NH2HkH/kD = 0,79

k12C/k13C = 1,031

k14O/k15O = 1,005

k16O/k18O = 0,995

CATÁLISE ÁCIDA

CH2DC6H5 + Cl CH2C6H5 + DCl

CH2DC6H5 + Br CH2C6H5 + DBr



 
kH
kD

 

 1,0 

 1,0 – 2,6 

 1,4 – 5,4 

X = H ou D. 

 

a) Apresente o mecanismo geral da halogenação radicalar de tolueno e da 

halogenação eletrofílica de benzeno. 

b) Apresente três motivos possíveis para um valor baixo de kH/kD. 

c) Discuta os resultados acima e justifique o aumento de kH/kD com o aumento 

do número atômico do halogênio. Considere que a reação com iodo é sujeita 

a catálise básica geral. 
 Referências: Wiberg and Slaugh, JACS 80: 3033 (1958);  

 

4. As velocidades e os efeitos isotópicos para a solvólise de tosilatos de cicloexila 

substituídos determinados em etanol 70% a 40 ºC são apresentados abaixo. 

 

a) Por que os resultados de kH/kD diferem para A e B quando comparados a C e 

D? 

b) Qual é provavelmente a melhor geometria para a participação do hidrogênio 

na saída do tosilato? 

c) Qual efeito conformacional pode ser usado para explicar o alto valor de kH/kD 

para B? 
References: Pankova et al., J Chem Soc B 365 (1968); Tichy et al., Tetrahedron Lett 

3739 (1969). 

 

 

 

C6X6   +    Cl+                C6X5Cl   +   X+

C6X6   +    Br+                C6X5Br   +   X+

C6X6   +    I+                C6X5I   +   X+

t-Bu

OTs

H(D)
t-Bu OTsH

(D)

t-Bu

OTs

H(D)t-Bu OTs

H(D)

(A) (B)

(C) (D)

kH = 2,77 10–4 s–1

kH/kD = 2,08
kH = 2,64 10–4 s–1

kH/kD = 1,96

kH = 1,69 10–6 s–1

kH/kD = 1,19
kH = 1,80 10–5 s–1

kH/kD = 1,15



5. Explique os resultados abaixo considerando os valores de ρ. 

 
 

6. Para a reação de formação de semicarbazonas com a reação de benzaldeídos 

substituídos com semicarbazida em pH = 3,9 

 
foi obtida a seguinte relação entre kobs e a função σ de Hammett: 

 
Na reação não catalisada de formação de n-butil iminas a partir de benzaldeídos 

substituídos em metanol, o perfil observado é o seguinte: 

 
Explique os resultados considerando os possíveis mecanismos das reações. 
Referências: Ammal et al., JOC 68:7772 (2003), Santerre et al. JACS 80, 1254 (1958). 
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TABLE I 
EQUILIBRIUM APiD RATE CONSTANTS FOR THE INDIVIDUAL 

SUBSTITUTED BENZALDEHYDES IN 2570 ETHANOL AT 25.0’ 
STEPS OF SEMICARBAZONE FORMATION FROM A SERIES OF 

Sub- kt X 10-6, 

group 1. mole-la min.-lb mik?-lc 
stituent KI, 1. mole-‘ 

p-CHsO 0.34 12.9 0.157 -0.268 
P-CHs 0.62 9.1 .195 - .170 
H 1.32 8 . 2  ,304 . 000 
p-c1 4.14 2 . 1  ,347 .227 
m-SOn 18.3 0 .31  1.02 .710 
P-NOz 40.1 0.24 1.50 .778 

kabs/[H+] (fraction as complex). k1 = kobs a t  pH 1 . i ~  in 
0.02 M semicarbazide. Reference 3. 

Fig. 2) .  A similar relationship recently has been 
reported by Leisten for acid-catalyzed amide 
hydr~lysis .~ 

The p-u relationship for the rates of semicar- 
bazone formation a t  $H 1.75 (Fig. 3 ) )  in marked 
contrast to that a t  neutral pH, shows that in acid 
solution there is a significant increase in rate with 
electron-withdrawing substituents; the p-value 

OK1 = [RCH(OH)NHR’] / [RCHO] [HzNR’] . ‘ k2- - 

I 
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Fig. 3.-Log & I ,  for semicarbazide addition compound forma- 
tion a t  PH 1.75, plotted against Hammett’s a-function. 

for tlie observed rates under these conditions is 
0.91. I t  has previously been suggested that the 
addition of semicarbazide to the carbonyl com- 
pound becomes the rate-limiting step of semi- 
carbazone forniation in acid solution, as the rate of 
acid-catalyzed dehydration becomes very fast 
and the concentration of attacking base is decreased 
by conversion to its conjugate acid.2 Since sub- 
stituent effects on the transition state for semi- 
carbazide addition should be similar to those on the 
equilibrium constants for addition compound 
formation, these substituent effects are consistent 
with, and provide further support for, such a shift 
in the rate-limiting step in acid solution. 

It has frequently been suggested that reactions 
with multiple mechanisms or steps may not show 

(3) D. H. McDaniel and H .  C. Brown, J .  Ovg. Chem., 23, 420 (1958). 
(4) J. A. Leisten, J. Chem. Soc., 765 (1959). 
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Fig. 4.-Log kobs, for semicarbazone formation at pH 3.9, 
plotted against Hammett’s o-function. 

linear p - u relationships. These two cases should 
be clearly distinguished: a shift in mechanism 
introduces a new reaction path and results in a rate 
minimum in a p-u plot, as is well known for a 
number of reactions (cf. ref. 5 ) .  A multi-step re- 
action, on the other hand, may show a p-u relation- 
ship which is convex upward, resulting in a break 
in the curve or a rate maximum. Noyce, Bottini 
and Smith have reported that the rates of semi- 
carbazone formation do not show a linear p-u 
relationship and have interpreted their results on 
the basis of a balance of opposing substituent 
effects on the individual steps of the reaction,6 
and Santerre, et al., have proposed a similar ex- 
planation for the rate maximum observed in 
Schiff base formation with substituted benzalde- 
hydes.’ The multi-step nature of a reaction alone 
does not result in a non-linear p-u plot (Fig. 2 and 
ref. 4). The shift in the p-value for the observed 
rates of semicarbazone formation from 0.07 a t  
neutral pH to 0.91 at  acid pH, as the rate-limiting 
step of the reaction changes from dehydration to 
addition, suggested that a t  an intermediate pH 
a transition in the rate-limiting step might be ob- 
served a t  constant pH but with varying substit- 
uents. This was found to be the case at  pH 3.9 
(Fig. 4) ; a sharp break occurs in the curve at  u = 0, 
similar to that observed by Noyce, et a1.6 A shift 
in the rate-limiting step may also result in a maxi- 
mum in the rate as a function of $H2; such maxima 
were observed for the over-all rates of semi- 
carbazone formation from p-nitro-, p-chloro- and 
9-methylbenzaldehydes in 0.01 Af semicarbazide 
between pH 3.0 and 4.0. 

A number of carbonyl reactions with structural 
requirements similar to the addition step of semi- 
carbazone formation show similar substituent 
effects. Previously reported values of p for such 
reactions include 2.33 for the rate of cyanohydrin 
formation, 2.23 for basic ester hydrolysis, - 1.49 
for cyanohydrin dissociation equilibrium and 1 .60 

(5) H. H. Jaffe, Ckem. Rcws., 63, 191 (1953). 
(6) D. S. Noyce, A. T. Bottini and S. G. Smith, J. Org.  Chem., 23, 

(7) G. M. Santerre, C .  J. Hansrote, Jr  , and T. I. Crowell, THIS 
752 (1958). 

JOURNAL. 80, 1254 (195.3, and references therein. 
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TABLE 111 

RATE CONSTANTS FOR SUBSTITUTED BESZALDEHYDES 

Substituent I I./mole-sec. I.'/mole'-sec. 

P-(CHdzN -0.600 0.0158 
P-CH30 - .268 .0465 
3,4-CHzOz - .159 ,033i" 3 7 . 5  
P-CHs - . 1 1 0  .0852 127 
m-OH - .002 . 090c 
H .000 . lo4  198 
p-c1 + .226 .oi95 
m-iXOt . n o  .0352 
P-NO* . T i8  .0328 

ko, knAa, 

a Ref. 2. H.  Kloosterziel and H. J. Backer, THIS 
JOURNAL, 74, 5806 (1952). In 0.189 M NaOCHz, the ob- 
served kn was 0.080 f 0.003 l./mole-sec. The effect of 
the charged substituent, nz-O-, on this reaction requires 
further study. 

TABLE IV 
10% (09, Ea. AS:? 

RCHO I./mole-sec. kcal. A e.u. 

P-(CHdzN 0.46 10.0 4 . 0 5  -41.9 

p-c1 2.56  7 .  0 4.25 -41.3 
3,4-CHp01 1.15 7 . 3  3.66  -43.0 

p-NO? 0.70 8 . 0  5 .85  - 3 3 . 7  

Discussion 
Equation 3 indicates general acid catalysis and 

one of the corresponding  mechanism^.^ Although 
Fig. 1 shows a very slight variation of kt with PH 
for piperonal, it is due either to a systematic error 
or to a difference in the salt effects of chloride and 
acetate ions. Oxonium-ion catalysis could hardly 
be observed in these slightly alkaline solutions. 
Kresze and Manthey lo report specific catalysis as 
well as uncatalyzed reaction for the formation of 
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Fig. 2.-Log ko, for uncatalyzed Schiff base formation, 
plotted against Hammett's o-function. 

(9) J. Hine, "Physical Organic Chemistry,' McGraw-Hill Book 

(10) V. G. Kresze and H. Manthey. Z .  Elcklrochcm.. 68, 118 (1954). 
Co., Inc., New York, N. Y., 1956, p. 246. 

an aromatic Schiff base. Semicarbazone forma- 
tion is general acid ~ a t a l y z e d , ~  as is the hydrolysis 
of Schiff bases." 

Two aspects of the kinetics require further com- 
ment. The equilibrium constant2 of 3000 requires 
reaction 1 (RCHO = piperonal) to go practically 
to completion in methanol. At a hydrogen-ion 
concentration of 5 X lO-lO, however, the amine 
concentration (Table 11) is only 0.5% of the 
stoichiometric concentration; the proportion of 
the Schiff base which is ionized must be much less 
(aliphatic amines can be distinguished from their 
Schiff bases by titration2.12). It is easily shown 
that a t  the concentrations of our experiments, a 
few parts per thousand of water may shift the 
equilibrium well toward the left. Fortunately 
for the consistency of our data, this was observed 
experimentally. 

The second-order course of the acid-catalyzed 
reaction must also be justified. Good buffering 
has been achieved throughout the semicarbazone 
reaction by utilizing an excess of the buffer sys- 
tem3v13a or of the ~emicarbazide.~~b Our aldehyde, 
amine and acetate concentrations were all of the 
same order of magnitude, however, and the con- 
sumption of amine, which must decrease the PH, 
might be expected to destroy the pseudo-second- 
order relation observed with complete buffering. 
The increased ionization of the amine is balanced 
by increased acetic acid concentration, however ; 
by equation 3, since K O  is negligible, the kinetics 
remain approximately second order. 

More exactly, third-order kinetics can be pre- 
dicted. Combining (2) and (3 )  

rate = - dx = ____ [BuNHa+] [Ac-] [RCHO] (4) dt KHAO 
Since the amine is almost completely ionized, 
[BuNH3+] = b - x nearly; also [Ac-] = [Li+] + 
[BuNHs+] since [Hf] is small; equation 4 then 
becomes 

Our results satisfy the integrated form of (5) from 
which  HA^ may be calculated directly. The 
rather high value of 0.1 M for [Li+] + b renders 
the term [Li+] + ( b  - x )  nearly constant, allowing 
second-order kinetics. 

The remainder of this discussion deals with 
structural effects in the uncatalyzed reaction, given 
by ko in Table I11 and plotted in Fig. 2. (The 
three values of  HA^ parallel the corresponding 
Ro's.) The chief point of interest is the maximum 
in K O  with respect to Hammett's 0-function near 
the point for benzaldehyde. The phenomenon 
has been observed before in Schiff base formation'* 
and hydrolysis, lib and in seniicarbazone forma- 
tion. l 5  A possible mechanistic interpretation is 

(11) (a) B. A. Para,-Koshits, r l  01.. J .  Gcn. Chem. (C1.S.S.R.). 17, 
1774 (1947); (h) A. V. Willi and R. E. Robertson, Can. J .  Chcm., 31, 
361 (1953): A. V. Willi, Hclu.  Chim. Acta. 39, 1193 (1956). 

(12)  S. K. Freeman, Anal. Chcm., 26, 1750 (1953). 
(13) (a1 F. W. Westheimer, THIS JOURNAL, 56, 1962 (1934); F. P. 

Price and L. P. Hammett,  ibid., 63, 2387 (1941): (b) G. H. Stempel 
and  G. S. Scbaffel, i b i d . ,  66, 1158 (1944). 

(14) B. Odd0 and F. Toguaccbini, G u n .  rhim. h/., 62, 11, 347 
(1922). 

( la )  D. S. Noyce. A. T. Bottini and S. G. Smith, J .  Ow.  Chem., 22, in 
press (1957). Dr. Noyce kindly sent UI their data before puhiicstion. 



7. A reação de Cannizzaro é um desproporcionamento (dismutação) que ocorre em 

meio fortemente alcalino e converte aldeídos aromáticos ao álcool benzílico e ao 

benzoato correspondentes: 

 

Muitos mecanismos foram postulados para esta reação e todos envolvem uma 

transferência de hidreto como passo chave. Formule um ou mais mecanismos que 

sejam consistentes com os dados apresentados abaixo e indique a importância de 

cada uma das observações.  

I. Quando a reação é feita em D2O, o álcool benzílico não contém deutério no 

grupo metilênico. 

II. Quando a reação é feita em H2
18O, tanto o álcool benzílico e o benzoato de 

sódio contém 18O. 

III. A lei de velocidade é: v = kobs[PhHCO]
2[HO– ] . 

IV. A reação com aldeídos substituídos apresenta ρ = +3,76. 

V. O efeito isotópico de solvente kD2O / kH2O  = 1,90. 

 Referência: Swain et al., JACS 101:3576 (1979). 

 

8. Abaixo são apresentados dados experimentais para diversos exemplos para a 

eliminação de íons quarternários de amônio promovida por base (eliminação de 

Hofmann). Postule um mecanismo que não possa ser descartado considerando-se 

estes dados e indique como cada informação contribui especificamente para inferir 

este mecanismo.  

 
ρ = +3,58 para uma séries de substituintes Z usando σ. 

 
kH/kD = 3,23. 

 
k(12)C/k(14)C = 1,044. 

 
 

ArCH2OH  +  ArCO2Na2ArHC=O  +  NaOH

N(CH3)3
Z

EtO–, EtOH +  EtOH  +  N(CH3)3Z

N(CH3)3
HH

N(CH3)3
DD

vs.

12C
N(CH3)3 14C

N(CH3)3vs.

N(CH3)3

H D
Ph

DH

EtO–, EtOH D

HD

Ph H

DH

Ph D

HH

Ph H

DD

Ph
+ mas ou

maior menor não formados


