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Phenyl-N-methyl-N-thiobenzoylcarbamate was prepared from the reaction of thiobenzamide anion with phenylchlo-
roformate in DMF and kinetic data obtained for the basic hydrolysis, have been interpreted in terms of a B, .2 mech-
anism involving general bases catalysis.

Bases can bring about the hydrolysis of esters by two mechang to the hydrolysis of thiobenzoyl carbamate. In all cases reactions
nisms? 2the first is a general base catalysis, where attack of &/ere carried out with carbamate concentrations much lower than
water molecule on the carbonyl group of the ester is assistelfose of other reagents. Absorbance-time data always fitted the first

. . . agrder-integrated equation and values of the observed pseudo first-
by partial bond formation to the base, and the second iS §rger rate constark,, were reproducible to within 5%. In the cases

nucleophilic catalysis where the base attacks the ester directwhenk0 >3 x 102STan Applied Photophhysics DX. 18MV stopped-
to give an intermediate which is rapidly hydrolysed. Gold andflow was used.

co-worker$ “have demonstrated that, in certain instances, the

two mechanisms may occur concurrently. In these cases, Results and discussion

would be difficult to detect general base catalysed_ reactio n the experimental conditions used, hydrolysis of PMTC gave rise to
because nucleophilic catalysis becomes the predominant patfkioamide and phenol in either sodium hydroxide solution or in
way, mainly due to the Bronstegivalue, which is higher for  piperidine buffer. The influence of the concentration of Ol the
nucleophilic catalysis than for general base cataRysis. reaction rate was studied ranging [Pbetween 2.% 10°— 7 x 102
However, Butler and Robertsbreported a method of demon- M. In the cases of low concentrations of QBuffer solutions of
strating the persistence of a general base catalysed reacti aHCQ,/ NaOH were used, and in the cases of high concentration of

. - OH, sodium hydroxide was added to the reaction mixture. The val-
even when the reaction appears to be completely nucleophiliGyes'sptained for the pseudo first-order constamtrk shown in Fig.1,

which makes use of a base and its sterically hindered analogyge plot being a good straight line that passes through the origin.

In the present work the synthesis and kinetic study of basiGhese results are indicative of a first order dependence on the con-
hydrolysis of phenyN-methylN-thiobenzoylcarbamate centrations of OH The data obtained in the study of the influence of
(PMTC) are reported. [OHT can be fitted to eqn (1).

Experimental Ko = Koy [OH] @

General procedure for the preparation of thiocarbamai&sa solu- From the slope of the plot, a value of 1.613dmol/s fork,,, the
tion of N-methylthiobenzamide (3.9 mmol), prepared according second order rate constant, was obtained for the hydrolysis of PMTC.
Lawensson’s procedure, in DMF was added dropwise sodium hydride To study the mechanism of the process in more detail, the possi-
(80% dispersion in oil, 4.2 mmol) in DMF and phenylchloroformate bility of the existence of general base catalysis was investigated. To
(4.2 mmol). The reaction was stirred for 24 h and worked up byaccomplish this, buffers of piperidine, tetramethylpiperidine, mor-
adding water and dichloromethane. The organic layer was dried witpholine, piperazine, butylamine and trifluoroethanol were employed.
magnesium sulphate, filtered and evaporated to dryness. Columihe observed first-order rate constakysvere found to increase lin-
chromatography with a proper eluent afforded the pure thionocarbaearly with increasing buffer concentration as found for piperidine, for
mate.

Phenyl-N-methyI-N-thiobenzoillcarbamamllow gum (0.075 g, 12
7.09%). IR (NaCl neaty, _,cnrl: 1742 (C=0), 1104 (C=S)H
NMR (CDCL,: & 7.59 (2H, d,J = 7.2 Hz, H-2), 7.43 (1H, ) = 7.2
Hz, H-4), 7.36 (2H, tJ = 7.2 Hz, H-3), 7.25 (2H, m, H-3"), 7.17 (1H, 10
t,J 7.2 Hz, H-4), 6.70 (2H, d, J= 7.5 Hz, H-2'), 3.89 (3H, 5. Q.
13C NMR (100.4 MHz, CDC): 210.8 (G-S), 152.8 (GO), 150.2 (C-
1'), 146.4 (C-1), 130.7 (C-4), 129.3 (C-3), 128.3 (C-3"), 126.6 (C-2),

T T T T T T T

126.2 (C-4’), 120.5 (C-2), 41.1 (RCH,). HRMS Ei (+): m/e <L

271.0675 (M), (calc.) 271.0662. o 6 u
D,O was supplied by CIEMAT (Spain). All others reagents and & .

solvents were obtained from Merck or Aldrich and used without 4 —

purification. Perkin Elmer Lambda 17 or Hewlett Packard 8453 spec-
trophotometers, both provided with thermostated cell holders, were
used for the kinetic studies. Kinetic measurements were carried out ¢
25 °C and at a constant ionic strength of 0.5 mot/doy continu-

ously monitoring the decrease in absorbency at 300 nm corresponc 0 L L L L L L 1

0 0.02 0.04 0.06 0.08
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J Chem. Research (M). Fig. 1 Influence of OH concentration on the reaction time
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Fig. 2 Influence of piperidine buffer on the reaction rate. Fig. 3 Bronsted plot for the general base catalysis of the
(®) pH = 10.5, (O) pH = 11.0 hydrolysis of thiobenzoyl carbamates

example (Figure 2). The increase in slope with increasing fraction o
buffer base indicates general base cataly3isis finding suggests
that hydrolysis of PMTC is subject to a general base catalysis

according to eqn (2), whetlg, is the second-order rate constant for s 0 s 0 /@
the catalytic process in presence of buffers. ©)k /% : | )To
N (0] Slow. N

B + H,O =—= BH* + OH-

| OH
k, = kou[HOT + ks [Buffer] @) 07 n,
4N
The buffer independent rates of hydrolysig, = kg, [OHT, osH B l
obtained by extrapolation of the observed rate constant to zero buffe /
concentration, for all buffers studied, were found to H
correlate with the values &f obtained in the study of the influence _H 0"
of NaOH concentration. N4 co, +©/
From the slopes of the plots kf versus buffer concentration, it is CH,
possible to obtain the values ky (eqn. (2)) for every buffer studied Scheme 1

(Tablel). Figure 3 shows the Bronsted plot relating catalytic effi-
;:ilseg (t:())/ t(LOe%k\%IVL\JI |ethO]Eh(¢)a 7p<§|'ﬁ{sﬂ\]/2lEztiyiit'a-(rzgce)rfjlgr? ((:aeovt\)littar:nae g egr? gglcatalysis. The absence of any nucleophilic intermediate formed in the
base catalysis. In agqueous solutions kalues observed for general OUrS€ of the reaction In presence of the buf'fgr p'pe“d'f‘e also rules
base catalysed hydrolysis of esters are uswal9.4—0.789 while out completely the possibility of any nucleophilic catalysis.

those ascertained for nucleophilic reactions of amines with esters are

ca0.8-0.9%10 P. Hervés acknowledges the Xunta de Galicia (PGDIT99
Another fact that suggests that the reaction is subject to a gener_gix|30104B) and the Direcciéon General de Investigacion

base catalysis and rules out the possibility of a nucleophilic catalysis, is.: .-« S . } ) . )
the similarity in values obtained fég, both in presence of piperidine Tientifica y Técnica of Spain (PB98-1088) for financial sup

and tetramethylpiperidine (its hindered analogue), 0.277 and 0.289ort. F. Norberto acknowledges FCT, Programa Ciéncia,

dm?mol/s?, respectively. Tecnologia e Inovagao do quadro Comunitario de Apoio and
One last indication about the nature of the reaction was obtaine¢arbafung/Inovagéo LOO28/IC PME II/S.

when the reaction was carried out igand the corresponding sol-

vent isotope effect was measured. For this purpose the influence of

the concentration of piperidine on the reaction rate j@ @as stud- . .

ied and the results were compared with a similar stzudy in water. Thg&ecelved 22 March 2000; accepted 4 June 2000

values obtained for the solvent isotope effect wiegg/ky,= 1.3, Paper 00/240

which suggests that a water molecule may be involved in the rate-

determining step of the reactforas occurs in a typical general base eferences

catalysed reaction. The mechanism for the basic hydrolysis of PMT@ ) o ) )

is shown in Scheme 1. 1 T.C. Bruice and S.J. Benkoviddioorganic Mechanism
The results obtained for the solvent isotope effect, the Bronsted —Benjamin, New York, 1966.

plot, together with the comparison of the second-order rate coeffi- 2 D. Stefanidis and W.P. Jencks, Am. Chem. Sqc1993 115

cients for the sterically unhindered and hindered piperidine, all favour ~ 6045.

a general base catalysed hydrolysis of the substrate. A nucleophilic3 D.G. Oakenfull, T. Riley and V. GoldChem. Commun1966,

pathway would certainly involve a lower isotope effect, a different 385.

Bronsted coefficient and a strong steric effect for piperidine buffer 4 D.G. Oakenfull, T. Riley and V. Gold, Chem Soc. (B)L968,

515.

Table 1 Second order rate constants for the hydrolysis of 5 S.L. JohnsonAdv. Phys. Org. Cheml967,5, 237.
PMTC catalysed by buffers 6 A.R. Butler and I.H. Robertsod, Chem., Perkin Trand975, 2,
BUFFER pK, Log kg 660. _

7 P.Y. Bruice and T.C. Bruicd, Am. Chem. Sqcl974, 96, 5523.
Morpholine 8.94 -2.3872 8 W.P. Jencks and M. Gilchrist, Am. Chem. Sqc1968,90, 2622.
Piperazine 9.73 -1.1579 9 A.C. Satterthwait and W.P. JencBsAm. Chem. Sqcl974,96,
Butylamine 10.64 —-0.0256 7018.
Tetramethylpiperidine 11.07 -0.5452 10 H. Neunoven, JCS, Perkin Trans, 1987, 159.
Piperidine 11.12 -0.5581 11 H. Maskill, The Physical Basis of Organic Chemist@xford

Trifuorethanol 12.52 —0.7355 Science Publications, New York, 1990.




