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Rate constants for hydrolysis and subsequent partition of the tetrahedral intermediates to yield the X- and S-acetyl de
rivatives are reported for several thiazoline compounds. Partitioning is independent of ring size, but is sensitive to substitu-
ents. All the thiazoline compounds as well as a 6-membered analog exhibit inhibition of hydrolysis in acidic solutions. Only 
in the case of bacitracm may the inhibition be ascribed to a decrease in the activity of water. For the thiazoline ring of 
bacitracin, pK* C^L —1.8. The six-membered analog of thiazoline is thermodynamically less stable but hydrates 17 times 
less rapidly than thiazoline. Formation of a 5-membered cyclic intermediate from the acetyl derivatives is 70 times more 
rapid than formation of the corresponding 6-membered ring. Results are also reported for the hydrolysis of 2-methyl-
hnidazoline. 

The bell-shaped plot with a maximum at about 
pH 3 when the rate of hydrolysis is plotted against 
pH for 2-methyl-A2-thiazoline has been described 
and a mechanism proposed to account for the re
sults.1 In addition, a relation of the proposed 
tetrahedral carbon intermediate to S-N transfer 
reactions has been formulated.1 This lat ter sub
ject is treated more extensively in a subsequent 
paper.- In this paper the hydrolysis of 2-methyl-
thiazoline is given further s tudy and the results of 
similar work on 2-ethylthiazoline, 2-(l-acetamino-
2-methyl-propyl) -thiazoline (AAIPT), the anti
biotic bacitracin, 2-methylthiazoline-N-methylper-
chlorate (TMPC) , 2-methyl-A2-thiazine and 2-
methyl-A2-imidazoline are recorded. 

Experimental 
The 2-methylthiazoline was purchased from Aldrich 

Chemical Co., 2-ethylthiazoline synthesized according 
to Wenker3; 2-(l-acetamino-2-methyl-propyl)-thiazoline4 

was a gift from Lyman C. Craig, and bacitracin and zinc 
bacitracin were purchased from Nutritional Biochemicals 
Corp. 2-Methylthiazoline-XT-methylperchlorate was made 
from the iodide5 by dissolving 1 g. of the latter in methanol 
and adding 0.85 g. of AgCId in a methanol solution. AgI 
was removed by filtration, the methanol permitted to evapo
rate and the product recrystallized from methanol as white 
crystals, m.p. 168°. 2-Methyl-A2-thiazine8 had a boiling 
point of 173-175°. 2-Methylimadazoline was prepared 
from X-monoacetylethylenediamine .7 

The molar extinction coefficients and wave lengths of 
the maxima of the acidic and basic forms, respectively, 
in aqueous solution of the compounds not previouslv re
ported1 are as follows: AMPT, £267 4600, «249 2400; bacitra
cin, e27S 4150, eoiso 2950; T M P C , C264 6400, no basic form; 
thiazine, e2« 4000, £34 2360; and imidazoline, e2is 4800, 
e2i9 4950. The value for bacitracin in acid solution is con
siderably lower than the various values reported elsewhere. 
Titration with standard base indicates a purity of about 
87%. The sample used here must be considered impure 
and the results only of qualitative significance. 

All experiments were performed at 25° and 0.10 ionic 
strength unless othewise noted. The spectrophotometric 
measurements were made on a Cary 11 spectrophotometer. 
Formate, acetate, phosphate, or borate buffers were used at 
about 10 - 2 M. Ionic strength was controlled with KCl. 

Results 

Repeating the previous formulation1 for the 
hydrolysis of 2-methylthiazoline we have 
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where T represents thiazoline, D a hydroxythi-
azolidine intermediate, and N and S the N and S-
acetyl-/3-mercaptoethylamines, respectively. As
suming a steady state for D, the initial rate of dis
appearance of thiazoline is given by 

ACT = 

dt 
E1CT(H+)Ka3 + h)/h] ... . 

[K1 + (H-)] [(H+) + (*, + *.)/*.] ' T ( ' 

where CT = (T) + ( T H + ) . This reaction is con
veniently followed by the decrease in absorption 
in the 250-270 m û range and ki determined by 
eq. 4 of ref. 1. The midpoints of curves like the 
dashed one of Fig. 1 are determined by Ki on the 
right and (&3 + k&)/kz on the left-hand descent. 
From the change in absorption at 230 ran the rate 
of appearance of the S-acetyl derivative is simul
taneously determined by an equation similar to 5 
of ref. 1. The apparent rate constant, ki', for S-
acetyl formation when divided by k\ gives h/ 
(h + h), and hence h/k2 and h/h> may be de
termined. Results for the compounds studied are 
given in Table I. 

Equilibrium constants may be defined and re
lated to the rate constants in this way 

A'ST = (SH+)ATH+) = Wfe<WT2 (2) 
Kxa = (X)(H-V(SH+) = k3ksK2/hh (3) 

Ky1 = (X)AT) = lnWKfaki (4) 

The three equilibrium constants are not inde
pendent: evaluation of any two determines the 
third. 

Equilibrium analyses were performed by follow
ing the absorption of solutions at several pH 
values until equilibrium was obtained. Absolutely 
constant readings are not observed due to the slow 
hydrolysis of the thiol ester in most solutions. 
Since there are three species present at equilibrium, 
the parent thiazoline and the N- and S-acetyl 
derivatives, absorption measurements a t three 
wave lengths are required for characterization of 
the system. Fortunately thiazolines absorb maxi
mally about 260 m/x, S-acetyl compounds about 230 
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TABLE I 

R A T E AND EQUILIBRIUM CONSTANTS FOR HYDROLYSIS OF THIAZOLINE DERIVATIVES AT 25° 

PK1 

ku X 10* min. - 1 

(*3 + h)/h, M 
h/ki, M 
h/h, M 
ks/kz 
KsT 
KNS, M 
-STNT 

ksK2 X 106 min ." 
PK2 

h 
ki, m i n . - 1 

ki, m i n . - 1 M'1 

1JIf-1 

N o t measured . b Not defined. 

Thiazoline 

5.22 
10.5 
0.11 
0.06 
0.05 
1.2 

11 
4 .5 X 10"2 

8.5 X 104 

4.5 
(9.1) 

(6 X 103) min 
1.0 X 10-

a 

Values in parent 

AMPT 

3.64 
5. 
1. 
1. 
0. 

11 
35 

7 X 10-2 
1.1 X 104 

16 

0.2 X 10" 

T M P C 
6 

1.7 
0 .3 
0 .3 

(1 X 10-
(250) 

0.8 
0.25 X 

AND 0.10 IONIC STRENGTH 
Thiazine 

io-

64 

7. 
0. 
0. 
0. 
0. 
1. 

90 
(4.5 X 10-2) 

(2 X 108) 
0.07 

(1 
13 

10"< 
10' 

1.5 X 
0.76 X 

10-fi 

K)3 

Values in parentheses are assumed or derived from an assumed value. 

m^ and N-acetyl derivatives far in the ultraviolet. 
For practical reasons, readings were taken at 202 
imj, which is on the slope of the N-acetyl absorption 
curve rising to a peak further in the ultraviolet. 

Let the fraction of the initial thiazoline that is 
T H + at equilibrium be a, that is T be j3, that is 
SH + be y and the fraction that is N be 5. How
ever, a and /3 are related by /3 = Kx a/ (H+) . The 
observed extinction in the 260 m/z region is given by 

e« = «[ e T H +6 4- K1 e r e / ( H + ) ] + T£S« 4- 6eN
6 

Similar equations may be written for the 230 and 
200 van regions where the superscript 6 is replaced 
by 3 and 0, respectively. The three simultaneous 
equations may then be solved for a, y and 5, but 
more directly, their numerator determinants may 
be divided to yield, Ksr = y/a and Kxs = 5(H+) / 
y. The third equilibrium constant is related to the 
two just determined by K^TKI = KSTKNS- The 
equilibrium constants obtained by this interpreta
tion of the equilibrium absorptions are given in 
Table I. The extinction coefficients used are 
listed under the heading for each compound. 

2-Methylthiazoline.—The previous results1 

shown by the dashed line of Fig. 1 have been 
confirmed. A detailed study was made of the 
k&'/ki ratio as a function of pH, especially at pH 
<2, where the back reaction of the thiol ester is 
insignificant. The ratio reaches a constant value 
at higher acidities and does not tend to unity. 
This result means that the N- and S-acetyl deriva
tives must come from intermediates of the same 
over-all charge; otherwise the k&'/ki' ratio would 
become unity (or zero) at high acidities. At the 
higher acidities, thiol ester hydrolysis becomes a 
complicating factor. However, if an acid de
pendency did exist, the kb'/ki' ratio should vary 
from near unity to almost zero over a range of only 
two pK units. This behavior is not observed be
cause the ratio is 0.5 at pH 0 and still greater 
than zero at pH 4. 

In order to evaluate the equilibrium constants, 
the following extinction coefficients were substi
tuted into the determinant expressions previously 
described. 

mx T H + S H + Js 

260 5200 80 0 
230 830 4250 100 
202 0 1000 5400 

AU the values were determined on preparations of 
the pure compounds except for the N-acetyl values, 
which were measured on solutions of thiazoline or 
S-acetyl which stood for some time at pK 4.7. No 
extinction coefficients for the free base T form of 

Fig. 1.—Initial rates of hydrolysis at 25° and 0.10 ionic 
strength. Points are experimental; curves are drawn with 
equations of text and constants of Table 1. Two additional 
points off the scale of the graph for thiazoline-N-methyl-
perchlorate are ki' = 119 and 131 X 10"4 min."1 at pH 7.95 
and 8.00, respectively. 

thiazoline need be considered because all equi
librium results were obtained on solutions of 
p~R <3 . At greater pH. values the N-acetyl form 
predominates to such an extent that reliable 
equilibrium constants cannot be obtained. The 
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hydrochloride salt of ,8-mercaptoethylamine, a 
possible further hydrolysis product, only absorbs 
appreciably at 202 mji with e 950. The equilibrium 
constants listed in Table I are probably accurate 
to about ±10%. Identical values were obtained 
from initial solutions of the S-acetyl derivative, 
indicating that an equilibrated system is being 
measured. In addition, an independent method8 

involving the measurement of the final pH of 
partially neutralized solutions gives Km + 1 = 
7 X 108 (KST + 1), a result consistent with those 
of Table I. The initial rate of change of pH with 
time8 also leads to the same k\ value. 

The combination of constants hKt for S-acetyl 
disappearance in Table I have been determined 
directly2 by use of eq. 5 

ft.g,[(H+) + fa/fa] 
*' (H+)[(H+) + (k, + It6)M

 ( ' 
with the refined rate constants ki/(fa + h) of this 
work. Substitution of the keK2 value with the 
other rate constants in the equilibrium expression 
(2) yields KST = 14, a value somewhat different 
from the purely equilibrium value of 11 in Table I. 
Nonetheless, the values are sufficiently close to 
lend confidence to both the equilibrium and 
kinetic approaches for the evaluation of the equi
librium constants. 

It is not possible to measure directly the pK2 
value for the S-acetyl derivative because of the 
rapid transfer reaction. The value of pK2 = 9.1 
in Table I is chosen on the basis of similar measured 
values for monoacetylethylenediamine (below) 
and O-acetylethanolamine.8 Unlike the previous 
study1 we have not synthesized the N-acetyl-/?-
mercaptoethylamine and prefer to infer the fo-value 
of Table I from the equilibrium constants. The 
kinetic method for the evaluation of ki suffers 
from the necessity of working in strong acids with 
concomitant amide hydrolysis occurring at a com
parable rate. The values determined by the two 
methods, however, are in good agreement. 

On the acid side of the maximum of the hydroly
sis curve no catalysis is evident; on the basic side 
some general catalysis is noticed.2 Experiments 
performed at 35° and 0.10 ionic strength give k\ = 
2.5 X 10 -1, and the same, value of h'/W = 0.55 
obtained at 25°. Thus the partitioning of the 
intermediate is not markedly affected by tempera
ture. Comparison of the 35° and 25° ^-values 
yields an activation energy Ex = 16 kcal./mole 
and a preexponential term Ai = 108-9 sec. -1. At 
the higher temperature the midpoint of the acid 
side of the curve yields (k% + h)/k2 = 0.15. 

2-Ethylthiazoline.—The hydrolysis curve as a 
function of pH is so similar to that of 2-methyl-
thiazoline that the values obtained are not sepa
rately recorded in Table I. The value of kx = 
12.5 X 10~4 min. -1, and pKx and W/ki are nearly 
the same as for 2-methylthiazoline. No equi
librium experiments were performed. 

2-(l-Acetamino-2-methylpropyl)-thiazoline (AM-
PT).—The hydrolysis curve of this compound is 
of the same shape as that of the dashed curve of 
Fig. 1, but is half as high and has a maximum at 
pB. 1.8. Thus inhibition of hydrolysis in acid solu-

(8) R. B. Martin and A. Parcell, J. Am. Chem. SoC, 83, 4835 (1961). 

tions is also observed for this thiazoline derivative. 
The rate and equilibrium constants were deter
mined by the general methods already outlined. 
The pK\ value determined from direct titration in a 
pli meter with standard base agreed with the 
value obtained from spectrophotometric measure
ments. This ifi-value fits the right-hand descent 
of the hydrolysis curve according to eq. 1. The 
values of k4 and faK^ have not been measured 
directly, but are calculated by substitution of the 
already known rate constants into the expressions 
for the known equilibrium constants. To evaluate 
the equilibrium constants the following molar ex
tinction coefficients were used 

mM T H + T S H + X 

266 4600 930 100 0 

230 1150 2300 4250 400 

202 2100 5500 500 9600 

The SH + values were assumed by analogy with 
other S-acetyl compounds, and the N values were 
measured after complete decomposition of the 
parent thiazoline at pB. 4.7, where the N-acetyl 
compound is the sole product. 

Bacitracin.—This antibiotic of known structure 
contains a thiazoline ring which does not accept a 
proton, on the basis of titration evidence,9 down 
to p¥L 1.4. We have determined an approximate 
ionization constant for the thiazoline ring in baci
tracin by measuring the change in absorption at 
278 mn in solutions of HCl and H2SO4 and relat
ing the concentration of acid to the acidity func
tion.10 On this basis pKa ~ —1.8 and K3. ~ 60. 
Despite probable concomitant protonation else
where on the molecule, as at amide bonds, the 
spectrophotometric method permits separate evalu
ation of the thiazoline ring ionization constant. 

The absorption due to the thiazoline ring in 
bacitracin disappears at a maximum rate in about 
4 M acid with an over-all curve not unlike the 
dashed curve of Fig. 1, but displaced on the 
abscissa to negative pH values. The maximum 
in the curve occurs at k\ ca 0.035 min. -1 . A 
sample of zinc bacitracin gave similar results. 
Rather than accounting for the inhibition of hy
drolysis by the proposed mechanism we use an 
equation of the form 

which fits the data tolerably well. The term in 
parentheses amounts to the fraction of the thi
azoline ring in the protonated form if ha is the 
acidity function and K is the ionization constant of 
the ring. A satisfactory fit is obtained with K — 
35 with the power p of the activity of water AH2O set 
at 3.0 in H2SO4 solutions. Fewer points were ob
tained in HCl solutions where the most satisfactory 
p = 3.5. Unfortunately, the TT-value is not in 
good agreement with the Ka-value independently 
determined as described above, but is at least in 
the same range. If our sample is impure (see 
Experimental), our results could be in error, and 
we have not pursued the matter further. The 

(9) G. G. F. Newton and E. P. Abraham, Biochem. J., 53, BC4 
(1953). 

(10) M. A. Paul and F. A. Long, Chem. Ren;., 57, 1 (1957). 
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power of p = 3.0-3.5 is what is expected of water 
acting as a nucleophile11 as in the proposed mecha
nism. In H2SO4 solutions ki of eq. 6 is about 0.15 
m i n . - 1 . 

2-Methylthiazoline-N-methylperchlorate (TM
PC).—The initial ra tes of hydrolysis versus pK 
are shown in Fig. 1 with the curve for 2-methyl-
thiazoline for comparison. Unlike the la t ter com
pound, the former cannot exist in the free base 
form and the rapidly ascending curve in basic solu
tions, first order in O H - , is ascribed to 

TH + + OH- (7) 

where for T M P C T H + is T C H 3
+ . This step is 

easily incorporated into the mechanism already 
given to yield 

- d ( T H + ) = Ik1 + fe,(OH-)](TH+)[(fe, + h)/h] . . 
dt (H+) + (kz + h + kt)/h

 W 

The rate constants in Table I are derived from the 
da ta drawn in Fig. 1 assuming ks « kz + h. 

The equilibrium constants of Table 1 are eval
uated with the aid of the following extinction co
efficients derived by methods already illustrated. 

TDfJ, 

264 
232 
202 

TH + 

6400 
1100 

0 

SH + 

80 
4250 

0 

N 

0 
45 

9100 

Since only the S-acetyl derivative is obtained at 
pH < 1 , h/ki cannot be determined without some 
additional information. Therefore, the R v a l u e 
has been assumed from analogy with thiazoline 
and the kjkz and kz/kz values computed from the 
other rate and equilibrium constants. 

The broad constant region of the T M P C curve 
of Fig. 1 confirms tha t H2O is at tacking the cationic 
thiazoline molecule. An experiment in this pR-
independent region in 8 0 % D2O gave only half 
the hydrolysis ra te obtained in pure H2O. In this 
same region general base catalysis is indicated 
by increased hydrolysis rates in strongly buffered 
solutions at constant ionic strength and controlled 
pU. 

2-Methy'-A2-thiazine.—Figure 2 shows the ini
tial rates of hydrolysis versus pll for the six-
membered analog of 2-methyl-A2-thiazoline. Be
cause of the slower rates the results for thiazine 
are not as precise as those for thiazoline. Once 
again acid inhibition of hydrolysis is observed at 
low pH. values. The curve as a whole is more 
reminiscent of tha t obtained for T M P C rather 
than tha t for thiazoline (solid rather than dashed 
curve of Fig. 1). However, the curve for thiazine 
levels off a t about pH 10; whereas no leveling 
was observed for T M P C . This result is con
sistent with PK1 = 7.6 for thiazine as determined 
spectrophotometrically. At pK regions 10 and 
higher the product ( T H + ) ( O H - ) is a constant for 
thiazine. The curve of Fig. 2 may be accounted for 
by an extension of eq. 1 with the incorporation of 
reaction 7 to yield 

-dCT = Jk1 + HOK-)] Or(H+)[(&, + kt)/k,] 
dt [K1 + (H+)] [(H+) + (k, + ^ + ke)/ks. (9) 

1 . c 

in 
O 

30 

25 

20 

15 

!0 

5 

! 1 1 I l 

CHj, 

/ ^ / 
CHp CH? / 
I l 1 I I / 
S N 
\ / 

C / 

CH3 / / 0 

J>~ a -~\j Cu 

• ^ I I I I 

I 

-

I 

U 4 

PH. 

10 

(11) J. F. Bunnett, / . Am. Chem. Soc, 82, 499 (I960). 

Fig. 2.—Initial rates of hydrolysis versus pK for 2-methyl-
A2-thiazine. Points are experimental and solid curve corre
sponds to the constants of Table I substituted into eq. 9. 

This equation reduces to eq. 8 in the case where no 
loss of the positive charge from T H + can occur. 
The constants required to fit eq. 9 are given in 
Table I . The i^ -va lue determined independently 
by spectrophotometry when used in eq. 9 provides 
a good fit to the curve of Fig. 2 and lends support 
to the interpretation. Reaction 7 is not signifi
cant in the case of thiazoline because pKx is 2.4 
log units less than for thiazine, and the ( T H + ) -
( O H - ) product is never appreciable in the thiazo
line case. For thiazine, fo'/ki = 0.5 for 0.3 < 
pB. < 3, a larger range than for thiazoline because 
the back reaction of the S-acetyl product is slower. 

N o equilibrium measurements were a t tempted on 
thiazine because of the sluggishness of the system. 
Therefore, the constants of Table I not deduced 
from eq. 9 are derived by less empirical procedures. 
The rate of acetyl transfer of S-acetyl-y-mercapto-
propylamine is Vw as fast as tha t of S-acetyl-/3-
mercaptoethylamine.1 2 Since the constants in 
eq. 5 are known for thiazoline, substi tution of the 
1Ao factor and the known constants for thiazine 
permits evaluation of h^Ki for the lat ter compound 
because ( H + ) is much less than all the additive 
constants in eq. 5 under the conditions of the com
parison. The hK2 value so obtained for thiazine 
is listed in Table I. Sufficient ra te constants are 
now known to evaluate KST by eq. 2. 

The remaining constants of Table I cannot be 
deduced without more da ta unless an assumption is 
made. We assume K^s is the same for thiazoline 
and thiazine since the equilibrium position for N-
and S-acetyl derivatives to transfer should not 
depend greatly on the length of the chain separating 
the functional groups. With this assumption 
i^NT and ki are quickly evaluated from the con
stants already known. The ratio of ki for the 
thiazoline and thiazine systems is about the same 
as the k<sK2 ratio for the two systems. Since 
pKi is probably similar for both S-acetyl deriva-

(12) T. Wieland and H. Hornig, Ann., 600, 12 (1956). 
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tives, the 70-fold greater rate of formation of the 
5- over the 6-membered cyclic intermediate from 
either the N- or S-acetyl direction implies that the 
assumed Kisss value for thiazine is a reasonable one. 

2-Methyl-A2-imidazoline.—In a subsequent 
paper8 we report the results of the oxygen analog 
(oxazoline) of thiazoline; here the results obtained 
on the nitrogen analog are described. For the 
parent compound pKi = 11.1, and for the sole 
product, monoacetylethylenediamine, pK2 = 9.05, 
as determined by titration of each compound with 
standard base on the pH meter. Since no hydroly
sis of imidazoline is observed until high pH values 
are obtained, only reaction 7 is significant, and the 
fa step is very slow. Three hydrolysis experiments 
on imidazoline performed through the ionization 
region at pU 9.16, 11.85 and 12.74 yield a constant 
fa = 2.6 ± 0.1 min. - 1 M . - 1 when eq. 9 is applied 
with (fa + fa)/fa » (H+) in this p¥L range. 

Discussion 

An extraordinary range of £Ka values is ex
hibited by thiazoline derivatives. From 5.2 for 2-
methylthiazoline to —1.8 for bacitracin is a range 
of 7 log units. Interestingly, AMPT, prepared as 
an approach to the bacitracin structure,4 has an 
intermediate value of pKa. 3.6. I t would be of 
interest to check pKa. values and hydrolysis rate 
constants on thiazoline compounds substituted in 
the 4-position. 

AU the ring compounds discussed in this paper 
exhibit inhibition of hydrolysis in acid solution. 
Only in the case of bacitracin may this inhibition 
be accounted for by the decrease in activity of water 
in strongly acid solutions. In all other cases the 
proposed mechanism can account for the data by 
suitable selection of constants. Bell-shaped curves 
are often obtained in kinetic and enzymatic studies 
and it is standard practice to ascribe their ascend
ing and descending limbs to two different proton 
transfers on the molecule. An ionization constant 
is used in this work to account only for the descend
ing limb in the least acidic solutions. The ascend
ing limb is accounted for by a collection of rate 
constants (fa + fa) /fa in the mechanism arising 
from the acid-inhibited fa step. The explanation 
of one or even both limbs of bell-shaped curves in 
terms of a collection of rate constants may be of 

more general utility than heretofore realized. 
Some kind of intermediate seems to be required by 
the results. The proposed hydroxythiazolidine 
intermediate can account for the observations. 

The initial reaction of the protonated form of the 
thiazoline compounds with water seems to be re
quired by the plateaus observed for TMPC and 
thiazine and is consistent with the catalysis2 and 
D2O experiments, the pre-exponential Ai term for 
thiazoline, and the bacitracin results in strongly 
acid solutions. That the independently deter
mined pKa. value for thiazine when substituted into 
eq. 9 provides so satisfactory a fit to the experi
mental points of Fig. 2 is strong evidence for the 
proposed mechanism. In addition, the leveling 
off of the thiazine results at pH > 10 supports the 
formulation of reaction 7. Evidently O H - is 
reacting with T H + and not functioning as a basic 
catalyst in some intermediate step. 

Many comparisons, some of which have already 
been mentioned, may be made by reference to 
Table I. When the 5- and 6-membered ring ana
logs, thiazoline and thiazine are compared, the 
equilibrium constants indicate the greater thermo
dynamic stability of the 5-membered ring even 
though it hydrates 17 times faster than its 6-
membered homolog. However, the fa/fa and 
fa/fa ratios and hence the partitioning of the inter
mediate to the S- and N-acetyl derivatives are un
affected by ring size. 

For both TAlPC and thiazine, fa ^ 107 fa: 
reactions of the charged rings with O H - and H2O 
occur in a constant ratio. If this result may be 
applied to imidazoline with fa = 2.6 min. - 1 M. - 1 , 
then fa ~ 2.6 X 10~7 min.-1 (half-life of 5 years). 
The low value of fa accounts for the stability of 
imidazoline in acid solutions even though our formu
lation requires the cationic form to be less stable 
than the free base. The statements in the litera
ture to the effect that the cationic form of imidazo
line is more stable than the free base are kinetically 
incorrect. Due to the low &i-value the main mode 
of decomposition is by reaction 7 which becomes 
appreciable only at high pH values. 

Acknowledgments.—We thank Prof. Lyman C. 
Craig for the gift of AMPT. This research 
was supported by grants from the National In
stitutes of Health and the National Science Founda
tion. 


