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 مخ

٢. Tbe rates 0f methamyMercurat1on of traps­«

cLnaulc acld and aethyl cinnamate are deteraied
by 1ollcvlng up tbe change of coacentrat1on 0f
the l1berated acet1c ac1d. The oyerall order ot
reackion 1A touad to be a 'aecond order kinetica
belng 11rat order vith reapeet to eAcb of the
alkene and aercuric Acetate. The react1on ptoceeds
three consecut1ve teps in wbieh [H] fIrAt 1n­
creaaes w1th t ,e مذ then decreaseA and f1nally
1nreaseA again, The؟ rate of the react1on iA
also detarwned by folloing up the change 04
the concentLation of the 1norganlc Mercury whlch
repreBented cly the forEation of metboxyaercuriG
acetate. The 'energies of actlvat1on are caleulated.

 هلام

 بي-بدع

It 1e well eetebAlished tbat the react1on o4 aercurlc

salts in a .protlc Eolvewt with an alkene affords an oXy­

-A have beea uggested 1or methoxyد a21-2 Many aechao1sذ ercurص 

mercuration of alenes which are'(a) an 1onlc mechaniq 71a
• 5,6an alkene mercurnlum ion,(b) a non-1onlc aechan1so,· or

، 7(c) a free radical MeehanisM3 Sehrauth et al. hare ahoenد ، 

tbat Mercur1e acetate adds to Metbyl cinnaDate to g17e aethyl

8-metboXy=c =cetoxyaercuElc-hydrocinnamate.
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Most 0f the kinetic studles for the maethoxyaercurat1o
of different alkenes were carried out by folloving the cHenge
of the eoncentration of inargan1c uercury,8-12

Adapting a different procedures 1n thls 1nvest1g,Ation,

1t is planned to atudy tbe kinev1cs of cethoxyEercureltion of

alkeneA w1th knoun geoaetrlcal conziguration which ire trans­

c1anaaic aid and metbyl eianهa ate by followlng up tbe cbange
0٤ {م ، .، [H] due to liberat1on of acet1c acid during the reaction.

EKFERIRENTAL AND RESULs

o£

٤Hea reaoval2,أ ercuric acetate (5 g) in absolute methanoص 

of the free acetic acid and excesA Methangl under vacuum gave

aethoryMercuric acetate,9)9و o% yield).

Procedures of Rate MeaaureaeDts

.- he rate of methoxy­

mercuration 0f trans-cinnaale acid (0.001 M) w1th mercur1cم 

acetate (0.0125 M) as ب Btud1ed at :6' by £allouing the change

of the concentrat1on of the liberzted acetic acid, at differen1

intervals of tiae by means of pH meter (PYE UNICM), and also

by titrat1on of aliquots of 5 rl of the reaction aixture aga1n٤

standard (0.05 N) sodua earbonate Bolution ua 1ng pheaol­

pbthalein as 1ndicator. It was found that, on plotti0g either

the pH values or the als of carbopate at differeat 1ntervals

aga1nst t1ae t, curves »1.th three consecutive stages vere

obtained, in wh1eb [H'] {nereases, then decreaseA and finally
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increases agaمص In each case a blank experiaent vith 0.001 M

cinnaaic acid was carried out0ء repeating the Meaurement8

of .tbe Bح for aolvolysis of aercurIc acetate (0,0125 M) 4a

me thanol (i.e., without Add1tion o4 alkene), the plot o4 pH

values against time gave a straight .11ne parallel to the firEt

stage of the pH-time curve ٤or the reaet1on (Fg. 1). The

t1tration method was uBed throughout all the experiment8 •

K1net1e Measuregent3 . In د every experiment, the reguired
 ا
weigbt of tbe alkeDe waa dissolved guantitatively Ln absolute

methanol. The reaction flaEk was kept 1n A theraaBtat type

[(EIN), -50% ٤٥ +50 0.01%, Geraany ] adJusted at the regu1red

temperature. After attainlng the theraal equilibrium, the

approprIate weight of mercuric acetate was added and thoroughlلا 

ied. Iuediately, after mix4ng, a aample o£ 5 ml of tbeم 

reaction Miture was witbdraun, placed in A ccnlcal £la8k

containiDg 10 ml rediAtilled water, previously immersed 1n an

ice-salt cooling mixture and then titrated against the standard

titrant. hie reading is considered as tbe aero read1ng٠

Samples of 5 al of the reaction m1xture were wlthdrawn at

su1table intervals of time until at least 75% of the Reactlon

was completed. The final reading was taken aIter sufficient

tioe depending on the temperature and the alkene. Eacb run

was repeated at least tw1ce٠

Order of the Reaction .- On using equimolars o± both tbe
 ا {؟

alkene (0.001 N) and mercuric acetate (0.001 M) at 26', the

reaction vwas found to be of a second order kinetics overall,
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f1rat order w1th reApeet to each of the alkene and uercuric

acetate; the molecular caacentration of alcohol being coa-
6idered constant. Thu on و us1ng a relatlvely h1gh aolecular
concentration of ercwrlcه acetate (0.0125 M), the rate of t heن
reaction becane pBeud0-f1rst order with reapect to the alkere,
Hence, plott1ng 104 e كج tiEe (t) gare curves vith three
interceptiag lines sbG1ng an 4ncreaee gf log , كب folloved- A-

by a decrease and then increases again Rrot these curves

three ٩eloc1ty eonatanta designated as k,, hو aad K, could be

calculated, representing the thtee consecutive 8tages, reapec-

t1vely. Thls reactlon was repeated at three .d1fferent tempera-

atures, 252, 50' ana 350. Plotting logk for each atage agalnst

which energies of activatioa couldص ave straight lines fro£_ق 
 "م

be calculated and froa h1ch the enthalples and entropies of

actlvatlon were conventionally calculated. The results obtaLned

are given in Table 1.

Me thoxyrercurat1gn_yith Rrepared MethoryMercuric Acetate.­

Studies of the Tate of Methoxymereuration of cnnaD1c ac4d

{0.001 M) with prepared aethoRywercur1c acetate (0.001 M and

0.0125 M) at 252 1n aethanol shov that v1th0.0b1 M. aercurlc عه

aalv, the react1on iA of a Becond order kinetlcs; belng firat

order w1th repect to each coaponent. PLot of ( ش) aga4nat

tiه e (t) gave a curve w1th tug 1ntercept1ng Atralght llnea٠

In the second case when 0.0125 M aercuric salt waa ued,

plot of lag (t) كج ه ga7e a cur0e v1th nly ه to stages in
±٠ حد ى

ncreases. CalculatIorذ decreaAes by tiMe, thenيمج hich 1og8 ن-] :-- ٠

of the velocity constants for thia curve gave valuesof kو and
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kو »hich are in aecardance vith tHe results obtained on uaing

cinnamic acid and mercuric acetate in methanol under the same

conditions. The reBults abtained are given in Table II.

TThis fact indicates that the 1irst step in the reactlon with

rercuric acetate represented the prior foration of meth oxy­

.ercuric acetateص 

Table II. Reaction of C1nnamic Acid (0.001 M) vith Nercuric

and Metboxyaercuric Acetate (0.0125 M) at 239,

Mercuric salt

Mercuric acetate

Me thoxyme rcur1c acetate

K2 6 و
m1n• أ= ه4 ""م،

1.22 r ٦٥-2 5٠16 x 1o
1.21 r 1o"2 5.05 x ١٥-5

ae th oxyae rcuration of cinnaMic acid (0.001 M) vas also follo­

ed up by neasurlng the change 0f concentration of the 1norganic

aercury by its titrat1on at different tذ ae intervalA aga1nst
· ججدر: ميمي

atandard KCNS solution u8ing ferr1c alum a6 an inld1cator,2تب .عم 

D1fferent molecular concentratfo of mercuric acetate (0.001,

0.0125 and 0.035 M) were uBed. For equimolars, the reaction

wae found to be of a second order kinetics overall; being

f1rst order with respect to each component. Hence, using

relatively h1gh molecular concentration of mercur1c acetate, the
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0 uBing 0.0125 M mercuric acetate, 1t was found that, under

the saae conditiona, the value 0± k obtained vas nearly equal

to the value of k, repreeenting the 1iret stage when AodiuM

carbonate 4as used as titrant, withln a small range of exper1-

mental errar, These resultA indicated that thlocyanate solu­

tion represents only the first،step ot th18 rection in which

the inorganlc uercury 1A consuaed to 1omm gethayaercuric

acetate. The results are given 1n Table IIl.

Table III. 0ooparison Between T1trationa Using 'Sodiuu Carbonate
and PotaasiuD Thiocyanate as Titrants.
 ا

1trant
TeMp  ه

%e

23

26

36
 ا

-'Kee1 Mo1eه# 

Sodlua CarbonAte

 ه4 أو%

7.3٥ = 1o-2

9٠71 x 1o2
2.35 x 1o%

16.09

PotaAAiwa Tbiocyanate

٢,
 ه1 أ"م«

»7.55 r 10"2
1٠0o x 1o"2

 ن

2.49 x 1o"

16.70
 د

(c) gther RrocedurEE ،- When the rate of tbis reaction was
»

followed up by its titratloa aga1nst HCl in butanol using

thyMol blue as an indicator, it vas found that wbatever the

millilitres talen rom the react1oa mixture and At aDy 1nterval,
14the colour of the indicator changes froo red to yellow after

the add1tion of the same amount of HDl in butanol, TTbe same

result was also obtained on using a solution of indicator 1n

me thanol. It seea that the change in colour 1A produced as

a reAult of the change of the pH of the solution froa 2.8 to



 "ع-

160 ث

1.2 by the addition of RCl. The same reault waA obtained by

follovlng the dithiazone Method10,12

DISOUSSIa

The data obtained reveal that the klnetic atudiea of

e thoxyercuratlon of alkenea by 1olloving the liberatedه 

acetic acid g1ve A aore detailed 1des about the d14trent

stepA 1nvolned 1n this reaction and the role of the protoD.

In all ca8ea, a pH-t1me curve with three tagea م obtalnad in­

d1catiDg that aethoryaercuratioa of c1naaElc acid and aethyl

c1nnaaate tkea Place aذ three coaaecut1ve stepA. The f1rat

atep in which [H] 1ncreases 1o sttrlbuted to the foraation

of Tethoxyaercuric acetate whlch 1a 1orwed by prior aolvolya1s

of mereurlc acetate by the alcoho1, mH s ذ Atep 1A also re-

presented by potassiua thiocyanate and by change of the pH

٥f the solvation of aercuric acetate 1n methanol w1th and

wlthout the alkene. This Btep is reversible whereby 1ts

rate ie decreaaed by increaaiag the acidity of the MedluM.

Br1ght and h1s covorkers? found that additioa 0± acet4c،acid

ducing me thoxyuercurat1on retarded the reaction, whereas

removal of the free acetic acid fro» solution by Bome aeana

aceelerated it٠ Tbey attributed 1t to further Aolvolyals.

The first step can be repreaented as :

MeOR + Hg(oAe),
k tast=صز Me-٥-Bg-٥٨٥ + A٠ -o٨e

In the second atep, the [H] deereaseA, 1.e., an uptale
of protona occurs that becones detectable around a cr1t1cal
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p (٩1٥٠ pH .5.7). Th 1s atep 1s als0 reverslble and the

velocity constant o± thlA step represented هد aD k, THe ه

rate of thie Atep 1acreaeeA by decrea1م ng the [H] ٥f tbe

aed±ua. This aeana that protonat1on enhances the Teactlon dد

aust play an ±mportant role. If tbe proton 1A taken by the

foroed Methoxymereur1c acetate, the rate wlll be Lndependent

on the alkee used whIch 16 not the case Here م we hare to

d1fferentiate betveen the aethoryeereurAtion of ord1nary olefina

and tbat 0f D6إ, -unaaturatd carboayl coMpoundA. In the
8 ٠٠ . 15eaBe of ordinary olefinA, 6٠g. 8tlbene, 1- and 2-pentenes

tbe react1oa 1s generally very Alo» and not accelerated by

ac1ds, and g-fora ع1 reacts faAter than the tran-0ne. RGeverو » «
unAaturated-1٥,8 و carbonyl coMpounde' reaet much aore rapid

with a reg1oapecif1c entrance of the Hg- atou at tbe 4-carb

atoM.

 م»
 مدب

The compounds 1net1gated here are ot the latter type

and protonat1on (uptake of proton) can take place o ths loe

pair of electroas of the oxygen which 1s conJugated with the

double bod. Th1A clearly increasea the polarity of the double

bond and bighly facllitates aethoxymercurat1on. Tbia 8tAp 1s

subetant4ated by the fact thet no reactlon occura with the

prepAred methoyaercuric acetate 1n aprotlc Aolvent (d1oxane)

except after protonation v1th foralc acld. Th1A atep can

be represented as follovs

"-£-"٠<" 'c.6:٤
R0

k, fastننم 
-2

±+ H
PHe. ،  د مر

Ro -م٦0 د5 ٠٠
Protonated coapleIR H د ٥r CH,

٤
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The idea of the association of polarity v1th the increase in

Tate of reaction can also interpret why cis-1somers (more

polar) reaet faster than trans-one1)15و&و esa polar).
 ن

The third 6tep vhich is slo and the rate determining

step is irreversible one. Its rate ia represented a8 K,0

Since the reaction 1s a aeeond order oerall, firBt order

w1th reapect to both of the alkene and aethoryDercuric acetate,

it is convenient to propose a transition Btate containng these

tvo apecies. In th4s Atep [H] 1ncreasee 1ndicating that the

add1tion o4 methoxyaercur1c acetate to the act1vated protonated

coMplex takes place vith the liberation o4 the proton. Tbis

i6 supported by the fact that this 8tep is accelerated by

decreasing the [H] of the aediua and thi٥ May expla4n vhy the

energy 0f activatlon in case of cinnamlc acid i6 lower than

that for Methyl cinnamate in this stage. This step 1s a con­

certed proceas ٢27, 26 cycluaddition reaction) g01ng through

a four-meabered transition state. The؟ lo entroples of acti-

vation favours this mechanisn This م is in accordance v1th
· 10that aechan1sm sugGested by Wright et a],2،7 for و methoxy-

 ن

nercuration of cycloherene. The third step can be represented

as follows:

Ph- .Hي 
+C{د 

٦c-0:Hير٣ 
R0>

+ Me- ٥-٤٤-٨ م لممي +

Me-g------Hg-0Ac
aه-٦' ت=[} قز.سسز «'< ٩o c مي،

fas

Me0 Hg-0Ac

w» / ا
G0cOORير HAc
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