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KINETICS AND ANALYTICAL APPLICATION OF THE REACTION BETWEEN
THIOUREA AND TRIMETHYLSULPHOXONIUM 10DIDE

The course of Interaction between thiourea and  trimethylsul-
phoxonium iodide in N.N-dimethylformaraide has been Investigated at
the temperature SO°C. It haB been shown that the reaction
runs according to the kinetic equation of first-order. It has been
found that introduction of potassium iodide to the system results
in higher rate of the reaction whereas water strongly inhibits the
course of the reaction between thiourea and trimethylsulphoxonium

iodide. Based on kinetic investigations thiomercurlmetric method
of determination of trimethylsulphoxonium iodide has been worked
out.

Sulphoxides, compounds containing electrodonor group =S0,

under the influence of alkylating agents change into o-alkyl
derivatives showing the character of salts [I, 21. Among the in-
vestigated sulphoxides only DMSO under the influence of such
alkylating agents as for instance methyl 1iodide changes into S-
-alkyl derivative forming trimethylsulphoxonium salt [3, 4],

In the present paper we investigated kinetics of reaction
between thiourea and trimethylsulphoxonium 1iodide in N,N-dimet-
hylformamide. The investigations enabled us to work out thio-
mercurimetric method of determination of trimethylsulphoxonium
iodide.



EXPERIMENTAL

Trimethylsulphoxonium iodide was obtained according to C o~
rey [51. treating dimethylsulphoxide with methyl iodide. The
contents of sulphur in the preparation was 14.50% (teoret.
14,57%). Thiourea was crystallized from water B.p 180 C.

Kinetics of the reaction of thiourea with trimethylsulpho-
xonium iodide was Investigated in the solution of N,N-dimethyl-
formamide at the temperature 80°G.

Concentration of the S-methylisothiourea being formed was
determined by thiomercurimetric method [e6],

The effect of concentration of potassium iodide and water on
the efficiency of the above reaction was studied.

DISCUSSION AND CONCLUSION

It has been shown that the rate of S-alkylation of thiourea
reaction increases with concentration of trimethylsulphoxonium
iodide. No essential differences in the course of kinetic cur-
ves at the increase of thiourea concentration were observed if
its concentration was higher than that of trimethylsulphoxo-
nium iodide. When we assume that in such strongly polar sol-
vent as DMF, sulphoxonium salt is completely dissociated and
the stage determining the rate of the reaction is that of de-
composition salt to sulphoxide and methyl iodide which after-
wards rapidly reacts with thiourea,

(ch3)3so + j~ =27 (ch3)2so + ch3j
CH3J + NH2CSNH2  ———» [NH2CS(CH3)NH2]+ + j" @)

*e can describe the rate of the reaction with the following
Kjuatlon:

» [k (CHz)3So] = [j~] )



wheret
X - concentration of s-methylisothiourea.

Fig. 1. Coarse of reaction between thiourea and S(CH,),0J In DMF medium at
i} Ci-Jo i ] 3
temperature 80 C in the system Ig )I/_J-I_IJ-_ '’ t 1 - thiourea 0.0989 mol./dm ,

S(CH ).0J - 0.0111 mole/dms; 2 - thiourea 0.0989 mol./dm3, S(CH ) 0J - 0.0220
mole/dm3; 3 - thiourea 0.0989 mol./dm3, S(CH-j)30J - 0.0387 mole/dm3

As the concentration of iodides in the reaction system is

constant [J~] = [J 3 and [(CH3)3SO0] = [J 10 - x equation (2)
can be expressed:



where:

U~] - concentration of i1odides for t * O
k, - ktj-i

and we can present the equation (3) as:

[J1
Figure 1 presents the dependence
'L
ig (.
[a-30 - X
Graphically determined values of constant k* and calculated

values of constant k are given in tab. 1.

Table 1

Values of constants k[mol. s dm } and Kkjts }
of thiourea alkylation with trimethylsulphoxQniuo iodide In DMF
at the temperature 80°C

Concentration

of s h3>j 0,0111 0,0220 0,0387 0,0219 0,0220
tmol."/dm3]

Concentration

of thiourea 0.0989 0.0989 0.0989 0.0791 0.0494
[mol ./dm37]

kt = 104 2.16 2.74 4.18 2.61 2.77

k <102 "1.94 1.24 1.08 1.19 ~ 1.26

The observed derease of constant k value with the Increase
in the concentration of sulphoxonium salt 1is due to the in-
crease In ionic strength of the solution. According to the equ-
ation (1) the increase 1in ionic strength should inhibit the



reaction. Figure 2 presents the effect of potassium iodide with-
in the concentration range 0.04-0.12 mol./dm3 and water on the
course of reaction of trimethylsulphoxonium iodide with thio-
urea.

Fig. 2. Degree of conversion of S(CH ),0J] into isothiuronium salt3 as a func-
tion of time and conditions at temperature 6OOC. intial concentration
S(CH,),0J - 0.0101 mol./dm3, thiourea 0.0494 mol./dm3« Curves: 1 - 0.120
mol./dm3 K3, 100% DMFj 2 - 0.080 mol./dm3 KJ, 100% DMF; 3 - 0.040 mol./dm3

KJ, 100% DMFj 4 - 100% DMF; 5 - 90% DMF, 6 - 80% DMF

Introduction of potassium iodide to the system has a positive
effect on the rate of the reaction. However, this effect is



reduced with the 1increase in concentration of iodides (fig- =2,
curves 1-3). According to equation (2) the increase iIn concentr-
ation of 1iodides in the system should result in a greater rate
of the reaction. However, simultaneously ionic strength iIncreas-

es which 1is a factor inhibiting the reaction grows. Therefore
the effect of iodides on the rate of the reaction will be a
resultant effect of the concentration of iodides and ionic

strength of the solution. As it follows from fig. 2 (curves 4-
-6 ) the presence of water strongly inhibits the course of the

reaction. In solutions containing 50% vol. of water and 50% vol.
of DMF S-methylisothiourea was not formed.
The decrease of the reaction rate in aqueous solutions is

due "to a different way of decomposition of trimethylsulphoxo-
nium iodide

(CH3)3S0J + H20 -—-» (CH3)2SO + CH30H + HJ

The products formed in the process of hydrolysis are not, in

the experimental conditions, compounds S-alkylating thiourea.
Summing up we can say that reaction of thiourea with trimethyl-
sulphoxonium iodide 1in the solutions of DMF satisfies kinetic

equation of first-order reaction. The rate of thiB reaction is
strongly influenced by iodide concentration and the presence of
water iIn the system.

Thiomercurimetric determination of trimethylsulphoxonium
iodide. The conclusions from the iInvestigations of Kinetic reac-
tions of thiourea with trimethylsulphoxonium iodide (and espe-
cially the temperature, time and system of reactions, the effect
of iodides) were applied for purposes the determination of tri-
methylsulphoxonium iodide.

The procedure of determinations To test-tubes 10 cm long and
having 1 cm in diameter equipped wit% air reflux condersers one
meter long we introduced o .1-1.0 cm of the solution of tri-
methyisulphoxonium 1i#odide in DMF and 2 cm of dimethylformamide
solution 0,1 mol./dm3 in relation to KJ and 1 mol./dm3 in re-
lation to thiourea. The solutions were heated on a boiling wat-
er bath for 3 hours. Afret coding they were diluted, in measur-
ement flasks to 50 cm with water and proper amount of the
solution was titrated with 5 010_3 mol./cm3 solution of o-hy-



droxymercuribenzoic acid (HMB) after having been decomposed to
thiol and after ammonium salts had been added £6]. The results
of the thiomercurimetric determination of trimethylsulphoxonium
iodide are given in tab. 2.

Table 2

.Thiomercurimetric determination
of trimethylsulphoxonium iodide

Amount pnole Average
recovery

taken found 1]
11.2 11.2 100.00
31.9 31.0 97.18
130.3 131.2 100.69
154.3 150.2 97.34
363.2 362.6 99.84
458.8 464.7 101.29
576.0 591.5 102.70
99,86

The above method can be applied for determination of trimet-
hylsulphoxonium iodide in solid preparations and in non-agueous
solutions.
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Bozenn« Mazurkiewicz

KINETYKA REAKCJI TIOMOCZNIKA Z JODKIEM TROJMETYLOSOLFOKSONIOWYM.
TIOMERKURYMETRYCZNE OZNACZANIE JODKU TROJMETYLOSULFOKSONIOWEGO

Zbadano przebieg reakcji miedzy tiomocznikiem i jodkiem tréjmetyloaulfok-
soniowym w N,N-dwumetydoformamidzie w temperaturze 80°C. Wykazano, te reak-
cja przebiega wedtug réwnania kinetycznego pierwszego rzedu.

Wprowadzenie jodku potasowego do ukdadu powoduje wzrost szybkosSci reak-
cji. Woda natomiast silnie hamuje przebieg reakcji miedzy tiomocznikiem i
jodkiem tréjmetylosulfoksoniowym. .

Na podstawie przeprowadzonych badan kinetycznych opracowano tiomerkuryme-
tryczng metode oznaczania jodku tréjmetylosulfoksoniowego.

GoweHHa MaaypKHeetm

KHHETHKA PEAKUHH TWOMOMEBHHW C MOFAIHCTItM TAVWVETH/ICYZ Ib<K)KCOHHOM
TMOMEPKYPWETPMMECKME  OHIEPEFIEMHVE MOFIMCTOrO  TRVMMETMIICy/§ IOOKCOH Vb

McneAoaaHO peat<umo tmomomcbmhu ¢ hoamctum TpuMeTMncy/ibOoKCOHMOM a Tew-
nepaType 80°C npH nccno/ib3oaaHnn  N,N-AHMeTH/iOopMaMHAS s KaMecTae paccTaopn-
Tenn.

nopsflOK peaKuMM oKaaancn nepaun. UcTaHoaneHO nmo aofiaBKa moahctoto Kann
«0 peaKiitioHHoA cpeflu noaucuiaeT CKopooTb peakKuMM a ornuwne ot boau KOTOpan
peaKo CHHwaeT eKopoeTb pea«uMn.

Ha ocHoaaHMM KMHeTHMecKMX MCcnefloaaHMH paapafioTaHO TMOMepKypuMeTpMnecKmS

MejoA onepeflenfIMMH noAncroro TpnMeTwncynb<t>OKcoHMB.



