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The rates of methoxymercuratlon of trans-
cinnamic acld and methyl cionamate are determined
by following up the change of concentration of
the llberated acetlc acld. The overall order of
reaction lg found to be a second order Kinetles .
belng first order with respect to each of the =

alkene and mercuric acetate., The reaction proceeds via

three consecutlve steps in which LH*] firast in~

creases with time, then decreases and flpally

ingcreases sgain., The rate of the reactlon is

also deternined by following up the change of

the concentration of the inorganlc mercury which

represented cply the formation of methoXymercuric

acetate. The energies of activation are eale¢ulated.

At

It is well eeteblished tbat the reaction of mercuric
galta in a protic solvept with an alkene affords an oxy-
mercuria1.1-3 Many mechanlsms have been puggested for methoxy- -
mercuration of alkenes whigh are (a) an lonic mechanism via
an alkene mercurinium ion,¢¥5b] a non~ionle mechanism,5'6 or
(c¢) a free radical mechaniam:% Schrauth et gl.T have shown
that mercurlc acetate adds to methyl cinnamate to give methyl

B—methoxy-n_-acetaxymercuric-hidrocinnamate.
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Moat af the kinetic studies for the methoxymercuration

of different alkenes were carried out by followihg the change

of the concentration of inorganic mercury,3’8'12

Fl

Adepting a different procedures in this 1nvestigétinn,
1t is planned to study the kinetics of methnxymercuraéion of
alkenes with known gecmetrleal configuration which dAre trans-
clonamic acid and methyl cinnemate by following up the change

of [E*] due to liberation of acetic acid during the reaction.
’ LS

i

EXPERIMERTAL AND RESULTS

Preparation of Methoxymercuric Acetate .- Digsclution of

mercurie acetate (5 g) in absolute methannl,13 theu remowval
of the free acetic acid and excess methancgl under vacuum gave

methoxrymerpurie acetate,s'9 {90% yield).

Proceduree of Rate Meaosurements :

{a) Change of the Concentration of H' .- The rate of me thoxy-

mercuration of trang-cinnamic acid {0,001 M) with mercurie
acetate (0.0125 M) was studied at 26° by following the change
of the concentration of the liberated acetic aeid, at differenf
intervals of tiwe by means of pH meter (PYE UNICAM), and also
by titration of aliquots of 5 ml of the reaction mixture again
standard (0.05 §N) sodium carbonate solution using phenol~
phthalein as indicator. It was found that, on plottiog elither
the pH values or the mls of carbopate at different intervals
against time t, curves with three consecutive stages were

obtained, in whieh [H'] inereases, then decreases and finally
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increases again, In each case a blank experiment with 0.001 M
cinnamic acid was carried out. On repeating the measurements
of .the pH for solvolysis of mercuric acetate (0.0925 M) in
pethanol (i.e., without addition of alkene), the plot of pH
values against time gavé a atraight line parallel to the first
stage of the pi-time curve for the reaction (Fig. 1). The

titration method was used throughout all the experiments.

Kinetlic Measurements .= In every experiment, the required

weight of the alkene was dissolved quantitatively in absolute
methanol. The reaction flask was kept 1n a thermgatat type
[(EIN), -50° teo +30% 4 0.01%, Germany ] adjusted at the required
temperature. After attaining the thermal equilibrium, the
appropriate weight of gercuric acetate was added and thoroughly
pixed. Immediately, after mixing, a sample of 5 ml of the
reaction mixture was withdrawn, placed in & cocnleal flask
containing 10 ml redistilled water, previously ipmersed in an
ice-salt cooling mixture and then titrated against the standard
titrent. This reading is considered aé the zero reading.
Samples of § ml of the reaction mixture were wilthdrawn at
suitable intervals of time until at least 75% of the reaction
was completed. The final reading was taken after sufficient .
time depending on the temperature and the alkene, Each run

was repeated at least twice.

order of the Reactiom .- On u3ing equimolars of both the

alkens (0.001 M) and mercuric acetate (0.001 M) at 26°, the

reaction was found to be of a gecond order kinetics overall,



firat order with respect to each of the alkene and mercuric
acetate; the molecular coocentration of alcohol heing coo-
sidered constant, Thus, on using a relatively high molecular
concentration of wercuric acetate {0.0125 M), the rate of the
- reaction became pseudo-first order with reapect to the alkene,
Hence, plotting lof-ff va time (t) gave curves with three

1ntercept1ng lines showing an increase of log E:? » f0llowed

by a decrease and then increases-againu Frum thege curves
three velocity conatants designated as k1, k2 and k3 could be
calculated, repreaenting the three consecutive stages, respec-
tively. This reaction was repeated at three-diffefe;t tempera-~
tures, 250, 50% and 35°. Plotting log k for cach etage against
_%“gave straight lines from which energies of activation could
be calcula;ed and from which the enthalpies and entropies of

actlivation were conventionally calculated. The results obtained

are given in Table 1.

Methoxymercuration with Prepared Methoxymercuric Acetate,-

Studies of the rate of meihoxymercuration of cinnamic acid
{C.001 M) with prepared methoxymercuric acetate (0.001 M and
0.0125 M) at 237 in methanol show that with 0.001 M of mercuric
salt, the reaction is of a second order kinetica; belng first
order with respect to each component. Plot of (——-) against
time (t) gave a curve with two intercepting straight limes.

In the second case when 00,0125 M mercuric salt was used,

plot of lqg'E%f-vs {%) gave a curve with only two stagee in
which log'agf‘dedigases by time, then increases. Calculation

of the velocity comstants for this curve gave values of k, and
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k3_uhich are in accordance with the results obtained on using
cinnamic acid and mercuric acetate in methanol under the same
conditionsa, The results obtained are given in Table II.

This fact indicates that the first step in the reaction with
mercuric ace¥ate represented the prior formation of methoxy-

mereuric acetate,

Table II. Reaction of Cinnamiec Acid (0.0Ct M} with Mercuric

and Methoxymercuric Acetate (0,0125 M) at 23°,

k k
Mercuric galt 2_1 3_1

min min
Mercuric acetate 1.22 x 1072 5.16 x 1072
Methoxymercuric acetate 1.21 x 1072 5.05 x 107>

(b} Change of Inorganic Mercury Concentration,- The rate of

methoxymercuration of cinmamic acid {0.001 M) was also follow-
ed up by measuring the change of concentration of the inorganic

mereury by its titration at different time intervals against
A 3

.;:—P":“—v/':'”’" . . . )
. standard ECHS sclution using ferric alum as an inidicator.

Different molecular concentration of mercuric acetate (0.001,
0.0125 and 0.035 M) weré used. For equimolars, the reaction
was found to be of a second order kinetics overall; beling

first order with redpect to each component. Hence, using
relatively high molecular concentration of mercuric acetate, th
reaction became pseudo-first order with respect to the alkene.
Plotting log E%f against time (t)} gave Btraight limes with

only one stage from which the velocity constant k was célculatec



On using 0.0125 M mercuric acetate, it was found that, under
the same conditions, the value of k obtained was nearly equal
to the value of k, representing the first stage when sodium
carbonate was used as titrant, within a small range of experi-
mental error. These results indicated that thiocyanate solu-
tion represents only the first step of this reaction in which
the inorganie mercury is consumed to form methoxymercuric

acetate. The results are given in Table IIIL,

‘Table III, Comparison Between Titrationa Using'Sodiuﬁ Carcbonate

and Potassium Thiocyanate as Titranta,

Titrant Sodium Carbonate Potassium Thiocyanate
Tgnp. k1 k1
¢ ain™! min~t
23 7.38 x 1072 7.55 x 1072
26 9.71 x 107 1,00 x 1072
%6 2.3 x 107 2.49 x 1072
& Eeel mole™ 16,09 16.70

{c) Other Procedures .- When the rate of this reaction was

followed up by ite titration against HC1 in butanol using
thymel blue as an indicator, it was found that, whatever the
millilifrea taken from the reaction mixture and at any interval,
the colour of the indicator changes from red to ye110w14 after
the addition of the same amount of HCl in butanol. The same
result was also obtained on using a solution of indicator in
methanol. It szems that the change in colour is produced as

a result of the change of the pH of the solution from 2.8 to
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1.2 by the addition of ACl. The same result was obiained by

following the dithiazone method, Ot'?2

DISCUSSION

The data obtained reveal that the kinetic studies of
me thoxymercuration of alkenes by following the liberated
acetic acid give & more detailed ldes about the different
steps involived In this reaction and the role of the proton,
In all cases, a pH-time curve with three stages obtained in-
 dicatipg that methoxywercuration of.cinuanic acid and methyl
cinnamate takes place via three consecutive steps. The firat
atep in which [H+] iocreages is stiributed to the formation
of methoxymercuric acetate which is formed by prior aolvolyais
of mercuric acetate by the alcohol.5 This step 18 also re-
presented by potassium thiocyanate and by change of the pH
of the solvation of mercuric acetate in methanol with and
without the alkene. This step~is reversible whereby 1its
rate iB decreased by increasing the acidity of the mediuﬁ:
¥right and hils cowarkers® found that addition of agetlec acid
during methoxymercuration retarded the reaction, whereas
removal of the free acetic acid from solution by some means
accelerated it., They attributed it to further solveolysia.

The first step can be represented as :

k1 fast .e . _
MeOH + Hg(OAc)a s Me—0~=Hg-0Ac + H' + Ohc
-1 .

In the second etep, the [H'] decreases, i.e., an uptake

of protons cccurs that becomes detectable around a ecritical
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pH (viz. pH .5.7). This step 13 also reversible and the
velocity constant of thim step 1s represented ap ky. The

rate of this step increases by decreanlng the [ﬁ‘] of the
medium, This meens that protonation enhances the reaction smd
must play an important role. If tbe proton 1s taken by the
formed methoxymercurlc acetate, the rate will be lndependent

on the alkene used which 1s not the case, Here we have to
differentiate between the methoxymercuration of ordinary olefina

and tbat of o, ~unsaturated carboayl compounda. In the

case of ordinary olefina, e.g. stilbeue,8 1- and 2-pentenes15
tbe reactlon is generally'very Blow and not accelerated by
acids.B and cis-form reacts faster than the trans-one. However,

16 react much more rapid

ot o B -unsaturated carbonyl compounde
with a reglospecific entrance of the Hg~ atom at tbe &=-carbon

atom.

The compounds lmvestigated here are of the latter type
end protonation (uptake of proton) can take place‘SE the lome
pair of electrons of the oxygen which is conjugated with the
double bond, This clearly increasea the polarity of tie double
bond and highly facllitates methoxymercuration. This step is
substantiated by the fact that no reaction occurs with the
prepared methoxymercuric acetate ln aprotle solvent (diozane)

except after protonation with formic acld, This Step can

be represented as followa ;

Fh k, fast  Ph it
\th ,H " + H+ Fg--:nb - - *
B =D k.o B  NCa0:E

R0~ RO

R =H or CH3 Protonated complex

k
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The idea of the association of polarity with the increase in
rate of reaction can also interpret why cis-isomers (more

polar) react faster than trans~ones®*17 (less polar).

The third step which is slow and the rate determining
step is irreversible one. Its rate is represented as Rz |
Since the reaction is a second order overall, first order
with respect to both of the alkene and methoxymercuric acetate,
it is convenient to propose a transition state containing these
two apecies, In this step EH*] increases indicating that the
addition of methoxymercuric acetate to the activated protomated
complex takes place with the liberation cf the proton. This
is supported by the fact that this step is'accelerated by
decreasing the [H+] of the medium and this may explain why the
energy of activatlon in case of cinnamie acid is lower than
that for methyl cinnamate in this stage. This step is a eon-
certed process (277 + 2 ¢ cycloaddition reaction) going through
a four-pembered transition state. The low entropies of acti-
vation favours this mechanism. This is in accordance with
that mechanism suggested by Wright et 31.3'7’10 for methoxy-
mercuration of eyclchexene, The third step cam be represented

as follows:

Me~0------Hg-0Ac
B i Pn_ | t H .
Nemg” s Low LN P fas
C==C + + Me-0-Hg~ Ac SGaemmmm
Y “NC=0:H s 4o >C=@—H_—
RO RO” o
[
MeO\ Hg-OAc
*h | B
~e—rcl + Hace

" ™ COoR
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