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Hydrolysis reactions of 2-phenyl-4H,5H,6H-3-methyl-3-thiazinium perchlorate (PTP) and its derivatives at
various pH have been investigated kinetically. The hydrolysis is quantitative, protb8ingercaptopropyl-
N-methylbenzamide as the only product in the all pH ranges. The observed rate of hydrolysis of PTP was al-
ways of the first-order. For hydrolysis from PTP, Hamrpetalues were 0.53, 0.84 and 1.13 for pH 5.0, 8.0,

and 10.0, respectively. BronstBdalue was 0.53 for general base catalysis. This reaction is catalyzed by gen-
eral base at low acetate concentration. However, as the amount of base becomes larger, the rate of hydrolysis
reaction approaches the limiting values. The plot okleg.pH shows that the rate constark} dre two dif-

ferent regions in the profile; one part is directly proportional to hydroxide ion concentration and the other is not.
On the bases of these results, the plausible hydrolysis mechanism and a reaction equation were proposed: Be-
low pH 4.5, the hydrolysis was initiated by the addition of water¢arbon. Above pH 9.0, the hydrolysis was
proceeded by the addition of hydroxide iorotearbon. However, in the range of pH 4.5-8.0, these two reac-

tions occured competitively.

Introduction cH;
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N CH;,
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Thiazolium salts are versatile catalysts for many organic @‘/{ )CIO4 4 H0 —> QQ-N-CHzCHzCHzSH 1)
S X 0
PTP

and biochemical reactions. The best known representative «
these compounds is thiamine pyrophosphate (vitamjn B
which acts as cofactor in some important enzymatic reac-
tions? Experimental Section
Up to the present only derivatives of completely unsatur-
ated heterocyclic bases, such as those of the pyridine, quino-General procedure All of the reagents were commer-
line, thiazole and benzothiazole series, have been used forally available and used without furthur purification.
the preparation of cyanine dyes. It was therefore of intere€inetic runs were obtained from a Hitachi Recording spec-
to eximine the reactivity of methyl group in quaternary saltstrophotometer 150-20 with thermostated cuvette holders. All
of 2-alkylthiazoline, since the nucleus of this base is partlyof the buffer solutions were prepared from reagent grade
saturated. The dyes derived from 2-alkylthiazoline are ofthemicals and the ionic strength was kept constant to 0.1 M
special interest because they absorb at shorter wave lengthg adding sodium chloride.
than the corresponding derivatives of any other heterocyclic Synthesis of PTP PTP and its derivatives were prepared
base thus far applied to cyanine dye formation. The dyes atarough four-step reactions which started from the reaction
also photographic sensitizers, some being of considerablef 3-bromopropylamine hydrobromide with benzyl chloride
power? derivatives by the well-known methéd-®
In spite of many uses of thiazolines and thiazines as dye, Product of hydrolysis. PTP (3.0 g, 0.01 mol) was dis-
medicament, senstizer and intermediates in organic synthselved in 50 mL of a buffer solution (pH = 9.0) of boric acid
sis3*3two compounds have been the subject of only a fewand sodium hydroxide. The resultant solution was stirred for
kinetic studieg®“° 10 hrs at room temperature and was acidified with 6 N HCI
Martin and Herdicf® studied mechanism for the hydroly- at pH 2.0. The resulting solution was extracted with diethyl
sis of 2-methyl-thiazoline in acidic solution. They found thatether (50 mL), washed with water, dried over anhydrous
the hydrolysis of its is sensitive to the reaction conditionsMgSQ,. The organic layer was evaporated to dgiv8-mer-
and the structure of the substrates. captopropylN-methylbenzamide as a color liquid: IR (neat,
In this paper, we wish to reveal the mechanism of hydrolycm™): 2250 (SH), 1640 (C=O}H NMR (DMSO-ds) 7.3
sis of 2-phenyl-4H,5H,6H-3-methyl-3-thiazinium perchlor- (s, 5H, phenyl), 3.5 (br m, 2H, N-G}{ 3.0 (s, 3H, N-Ch),
ate (PTP) based on the substituent effect, Bronsted plot arid5 (br m, 2H, S-CbJ, 1.8 (m, 2H, CH), 1.5 (s, 1H, SH).
general base catalysis effect on the rate constant and itsKinetic studies Kinetic runs were made in water at 25
change with pH (eq. 1). °C. The PTP was introduced as 1 mL of 210°° M metha-
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nolic solution in 100 mL of final agueous solution and theTable 1 Rate constants for the hydrolysis of PTP at various pH
flask was quickly shaken. Each aliquot (3.0 mL) of the solu-and 25°C

tion was removed from the volumetric flask at time intervals
and was placed in a quartz cuvette. The decrease of absorp-
tion at the wavelength of maximum (RKiax= 258 nm,p-

CHs: Amax= 264 nmp-Cl: Amax= 262 NnMpP-NO2: Amax= 260
nm,) for the PTP and its derivativedth time was moni-
tored.

Results and Discussion

Determination of rate constants The initial concentra-
tion of PTP (2.0x 10°M) was kept constant over wide pH
range. As shown in Figure 1, the observed rates of PTP was
always of the first-order. The first-order rate constakis) (
obtained from the slope at various pH are given in Table 1
and Figure 2 shows pH-log (rate) profile of this reaction.
First-order rate constants of the PTP derivatives were also
determined by the same way.

Substituent effects As shown in Figure 3, Hammett
values were 0.53, 0.84 and 1.13 for pH =5.0, 8.0, and 10.0,
respectively. This result indicates that the rate of addition is
accelerated by electron withdrawing groups at all pH ranges,
and that the addition reaction proceeds through similar sub-
stituent effect in acidic, neutral, and basic media.

General base catalysisTo make sure that this reactions
catalyzed by general base, the rate constants were deter-
mined at various acetate ion concentration at pH 4.78. As
shown in Figure 4, this reaction is catalyzed by general base
at low acetate ion concentration. However, as the amount of

base becomes larger, the rate of addition reaction approaches
the limiting values. The influence of base strength variatior
for the rate of this reaction was also studied, the results al
summarized in Table 2. The Bronsted plot for hydrolysis
from PTP is linear with excellent correlatigRigure 5,3 =
0.53(r = 0.999)).

Rate equation and mechanismAs shown in Figure 2,
the plot of logk vs. pH is not linear; From pH 0.0 to 4.5, the
log ki remains constant. However, from pH 4.5 to 8.0, the log

) k (sec?) x 100
pH Buffer Solution
obsd calcd
0.0 HCI 2.70 2.93
0.5 HCI 2.72 2.93
1.0 HCI 2.90 2.93
15 HCI 2.92 2.93
2.0 HCI 294 2.93
25 HCI 3.00 2,94
3.0 HCI 3.09 2.95
35 HOACc + NaOAc 3.12 2.99
4.0 HOAc + NaOAc 3.25 3.12
45 HOAc + NaOAc 3.90 3.52
5.0 HOAc + NaOAc 4.90 459
5.5 HOAc + NaOAc 7.10 6.87
6.0 HOAc + NaOAc 105 9.90
6.5 HOAc + NaOAc 12.0 12.2
7.0 KHPQ, + K:HPO, 13.2 13.9
7.5 KHPO, + Ko:HPOy 155 16.4
8.0 KHPO, + K:HPOy 21.3 23.2
8.5 KHPO, + K:HPOy 36.7 44.6
9.0 HBOs;+ NaOH 106 111
9.5 HBOs;+ NaOH 309 323
10.0 HBOs+ NaOH 980 993
105 HBOz+ NaOH 3350 3110
11.0 NaOH 10200 9810
11.5 NaOH 32000 30900
12.0 NaOH 100000 97000
5
4

N~

+ T /

o 5| 4

e

pH

Figure 2. pH-log (rate) profile for the hydrolysis of PTP at%®5
Circles are experimental points and the solid line is d

x 10° sec

Figure 1. Plot of log absorbance vs. time for the hydrolysis of PTP
at pH 5.0 and 28C.

according to equation (10).

k: increases gradually and above pH 8.5, the slope ig€l,.0,
k: is directly proportional to the hydroxide ion concentration.
The rate observed constanky €an be divided into two

parts, each representing a different mechanism.

ki = k1o + kon[OH] (2

wherekjy is the first order rate constant for the spontaneous
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Figure 3. Hammett plots for the hydrolysis of PTP at pH 5.0, 8.0, Figure 5. Plot of logk® vs pKaof the bases for hydrolysis
and 10.0. PTP at 25°C.
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[CH;COOTM ing step of above mechanism to be the formation of pseudo-

Figure 4. General base catalyzed hydrolysis of PTP at pH 4.78ase (Il) by nucleophilic addition of OHwhile also
and 25°C. Circles are experimental points and the curve is drawrassuming that the ring opening with proton loss is too fast to

according to equation (11-3).

Table 2. Effect of base strength upon tkgk_; - kB values for the

be measured by conventional technigliedince the rate of
addition reaction is accelerated by the electron withdrawing
group withp = 1.13 at pH 10.0, the attack of hydroxide ion

hydrolysis of PTP at 28C is the rate determining step in alkaline pHs.
base DKa ka/k ! - kB(sech) At low pH, either the hydroxide ion or water may be
H,0 17 1.01x 10°° added to PTP. However, the first possibility has been ruled
CICH,COO 282 1.35¢ 10 out because the hydroxide ion concentration is much smaller
CH:COO 475 1.40¢ 102 than that of watere., k; = kip at pH < 3. The most plausible
Pyridine 5.36 4266 10°3 mechanism under acidic condition is shown in Scheme 2.
Lutidine 6.64 103 102 This mechanism is similar to that suggested by Mattin
H.POS 732 4.50¢ 102 al.*for the hydrolysis of thiazoline and oxazoline in acidic
oM 157 1 51x 10° media. They have also proved the existence of tetrahedral

aReference 6.

intermediate(ll) formed by the addition of water to the sub-
strate.

As the concentration of general base increases, the addi-

hydrolysis andkon is the catalytic rate constant for the basetion of water becomes the rate controlling step and the rate

catalyzed reactions.

would approach the limiting valde. This is in good agree-

At high pH, since the rate constant is directly proportionalment with the observed results (Figure 4). But, if the concen-
to the hydroxide ion concentration, the following reactiontration of general base is low, the rate determining step may
mechanism is proposed.

Although tetrahedral intermediate(ll) was never directly

be changed to the second step.
If the reaction proceeds as shown in Scheme 2, one can

detected in aqueous media, its half-life was estimated bwpply steady-state approximation with respect to® [he
indirect kinetics’® " Several authors assumed the rate-limit- rate equation can be expressed as Eq. (3).
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N N l = 1 + 1
@%} cHmo <R @ } Kio  1.35x 10° 3.44x 107 +3.32x 1G[OH]
S k.t [OR]
. 1 1 _ 1.69x 10°+3.32x 1G[OH]
m Kio  4.64x 10" +4.48x 10°[OH]
N GHs 13
N k, N _ 4.64x 10 +4.48x 10" [OH]
OfD o
+ + BH 10 — 6 -
s @% } 1.69x 10°+3.32x 16[OH]
du on®

At pH 10.0, where rate is directly proportional to hydrox-
CHy ide ion concentratiork; = 9.80x 107> sec’. By substituting

st i . above data into Eq. (Ren= 9.80x 10 sec'can be obtained.
+(|C)|;IN'CH2CH2CH25 As a result, over all-rate equation constant becomes;

¢t i ¢
@-g—N-CHZCHZCHZS = C-N-CH,CH,CH,SH
+OH 0

o = 4.64x 10" + 4.48x 10°[OH]
7 1.69x 10°+3.32x 1G[OH] (10)

+ 9.80x 10'[OH]

Scheme 2 ]
Table 1 and Figure 2 show that the values of over-all rate
PT constant,k: calculated by Eq. (10) are in good agreement
Rate= - [—Pld = kio[PTP] (3)  with observed values.
Similarly, the rate equation obtained for the hydrolysis of
_ kk,2[B] - " PDP derivativegp-CHs:
K+ koZ[B] o = 4:58x 10%°+2.72x 10[OH]

t

1 ky+k3[B] 1.56x 10°+2.11x 1G[OH]

= = 5
Ko kikoZ[B] 2 + 6.27x 10'[OH]
1_1. 1 p-Cl:
ko k k 13 3 -
0 8(—1%(22[8] (6) K = 8.17x 10 °+1.06x 10°[OH] 2,07 OH]
-1 _ 2.33x 10°+5.60x 1G[OH]
From the Eg. (6), it can be shown that if the concentration of p-NO:
general base is higk,{B] >> k-1), thenk;o= k;. Therefore, if ' " . )
the concentration of general base is highwill take 1.35x Kk = 2.04x 10 +6.34x 10°[OH ] + 6.90 OH]
t - 0

10°® sec*which is the limiting value of general base cataly-
sis in Figure 4.
If water and hydroxide ion are the only general base%
present, Eq. (6) becomes
k_l_ ) kl Tk ) 0
O RRH K THO0] + K OHT)

4.08x 10°+1.81x 10[OH]

If acetate ion is present as a general base catalyst, Eq. (6)
ecomes

1 1 1

_= = +

klO kl kl H,0 OH - OAc -
L 12 [H,0] + KSP[OH] + K9 [OAC ]}
Ek—lg{ 1 2 2 2 (11)

. . .. From the value ofk; =1.35x10° sec?, (ki/ki)ka'?°
Below pH 3.0, the concentration of hydroxide ion is negllgl-[Hzo] = 3.44x 107 sec?, (ki/k)kLH = 3.32x 107 sec?,

ble, then Eqg. (7) becomes [CH,COOT] = 0.1 M, [OH] = 6.03x 10"°M and observed

1 _1 1 8 rate constark;, the value of catalytic constant of acetate ion
ko K1 Kapy oo ®)  (k/k)kOAC = 2.42x 10 sec?, can be obtained. By substi-
Ok B{ k" [H01} tuing above data into equation (1R} is given by the fol-

lowing Eq. (11-1).
The value of Ki/k-1)k-"2° can bedetermined from thi = .
1.35% 10° sec’ and the observed rate constagt£ 2.94x 1 _ 1.89x 10 +2.42x 10*[0ACcT]
107" sec* at pH = 2.0. The value is 3.4410" sec’. By the Kio  7.34x 10" +3.27x 10"[0AC]
substitutingk, = 1.2x 10° sec* at pH = 6.5 into equation
(7), ke/k-1)k:CH=3.32x 107 sec can be obtained.
As a resulkio becomes,

(11-1)

13 10 -
o, = 1:34x 10 6+3.27>< 100AC] (1 5
1.89x 10°+2.42x 10" [0OACT]
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7. (a) Duclos, J. M.; Haake, Blochemistryl974 13, 5358.
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