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The ring-opening reactions of seven mesoionic thiazolo[3,2-a]pyrimidine-5,7-diones by a series of primary
and secondary amines have been investigated. The rates of the ring fission of five N(8)-substituted mesoionic
xanthines with benzylamine were measured and found to follow second order kinetics. The Hammett rela-
tionship is followed with @ value of +0.48 in p-dioxane as solvent. The dependence of rates on temperatures
has been studied for the N(8)ethyl derivative; the energy of activation (AE*) is 25.3 kcals mol™!, the enthalpy
of activation (AH*) is 24.7 kcals mol™ and the entropy of activation (AS*) is —4.9 e.u. A slight increase in
rate of reaction was observed when the solvent was changed from p-dioxane to dimethyl sulfoxide. In p-diox-
ane at constant mesoionic xanthine concentration, the rate constant for ring opening decreased with increas-
ing benzylamine concentration. These results are consistent with a bimolecular nucleophilic mechanism pro-
ceeding by the rate-determining formation of a charged tetrahedral transition state.
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During the past few years, a number of mesoionic xan-
thines and related compounds have been prepared and
evaluated [2,3] for biological activity. Recently, two publi-
cations [4,5] from this laboratory have reported the prepa-
ration and evaluation of mesoionic 8-alkylthiazolo[3,2-a}-
pyrimidine-5,7-diones, 1, their 3-aza analogs and some re-
lated ring systems that exhibit theophylline-like activity as
inhibitors of adenosine-3',5"-monophosphate (cyclic AMP)
phosphodiesterase (PDE).

The chemistry of mesoionic purinones has not been stu-
died in detail. However, it is known that mesoionic purin-
ones are unreactive to nucleophiles at room temperature

[6] but that nucleophilic attack occurs selectively at the
S-carbonyl position, at elevated temperature, to give 2 in
agreement with theoretical predictions [7]. It also has been
reported that heating le with benzylamine at elevated
temperatures for a prolonged period of time leads to the
ring opened symmetrical product, 3a [8].

The work reported herein was undertaken to determine
the rates and the activation parameters for the ring
cleavage reaction, 1 to 2, of a series of mesoionic thiazolo-
[3,2-a]pyrimidine-5,7-diones with benzylamine and to cor-
relate the results with a possible mechanism.
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Preparation of Mesoionic Purinones.

Compounds le-g and their malonate ester precursors 4
were prepared as previously reported [6]. Four new meso-
ionic purinones la-d, in which the N(8)-CH, function is
absent were prepared from the appropriate thioureas as
shown (Scheme I). The currently accepted nomenclature
for mesoionic purinones of type la-e is anhydro{(8-aryl or
alkyl-5-hydroxy-7-oxothiazolo[3,2-a]pyrimidinium hydrox-
ide). Reaction yields and some physical data for the new
mesoionic purinones prepared are summarized in Table 1.

Ring-Opening Reactions.

Each of five mesoionic compounds la-e and an equimo-
lar amount of benzylamine was heated in refluxing tetra-
hydrofuran for periods of 20-24 hours to prepare and cha-
racterize the various ring-opened products and to esta-
blish suitable reaction parameters for kinetic experiments.
In each case, the product 2b, 2g-2j was isolated in yields
ranging from 70-99% (Table 2).

When 2b was heated with benzylamine in refluxing
tetrahydrofuran at 66° over a period of 24 hours, no obser-
vable reaction occurred. However, when the reaction was
repeated in refluxing dioxane, bond-cleavage occurred re-
sulting in the displacement of 2-aminothiazole and quanti-
tative formation of the diamide, 3a.

Mesoionic compounds having an alkyl substituent at the
C(6) position are found to exhibit reduced reactivity to-
wards amines and do not react with benzylamine in reflux-
ing tetrahydrofuran or dioxane. However, on heating 1f in
refluxing phenethylamine at 198° ring-cleavage occurred
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followed by transamination to give 3b. Similarly, reacting
1g with benzylamine in diphenyl ether (130°) affords 3¢ in
90% yield. The inability of the C(6) alkylated derivatives
to undergo ring-opening at low temperatures is thought to
be due to steric inhibition of attack of the nucleophile. At
elevated temperatures, however, this steric inhibition to
ring-opening is overcome. The initial selective nucleophi-
lic attack of the amines at the C-5 position rather than at
the C-7 carbonyl of the mesoionic compound 1 is probably
due to the steric interference by the N-alkyl substituent at
the 8-position.

In contrast to the C(2)-C(3) unsaturated analogs, the
mesoionic dihydrothiazolopyrimidines Sa,b, regardless of
whether the C-6 position is substituted or not, failed to re-
act with benzylamine in refluxing tetrahydrofuran after 24
hours. This result may reflect the fact that the thiazoline
may not be as good a leaving group as the fully-aromatic
thiazole formed after ring-opening.

o
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5a R = H, n'=cﬂa_<]

Sp R = CHg, R' = CH3CH2

The steric bulk of the amine nucleophiles seems to play
no significant role in the observed selective attack at the
C(5) position. For example, when the ‘mesoionic xanthine
analog le was heated in refluxing tetrahydrofuran with
aniline, benzylamine, propylamine, isopropylamine, t-but-

Table 1

Properties of Mesoionic Thiazolo[3,2-a]pyrimidine-5,7-diones la-g

Recrystallization Analysis %

Compound R R’ Yield, [a] (%)
la H CH, 93
1b H CH; 88
1c H p-MeOCH, 95
1d H p-CICH, 90
le H CH,CH, 98
f CH, CH,CH, 95
1g CH,CH, CH,CH, 79

Mp, (°C) Solvent [b] formula Calcd. Found

228-229 AE C,H,N,0,S C 46.15 46.00
H 3.32 3.35
N 15.38 15.28

218-219 TP C,H,N,0,S C 59.01 59.00
H 3.30 3.32
N 1147 11.44

212213 A C,H,N,0,S C 5693 56.79
H 3.68 3.72
N 1021 10.15

225-221 A C,H,N,0,SCI C 51.71 51.82
H 2.54 2.50
N 1005 9.99

207-208 [c] AE C,H,N,0,S

168-169 [d] AE C,H,N,0,S

182-183 [e] EA C,,H,;N,0,8

[a) Yield refers to the final malonate condensation step. [b] Recrystallization solvents: absolute ethanol (AE), acetone (A), tetrahydrofuran-petroleum

ether (TP), ethyl acetate (EA). {c] Lit [6] mp 206-208°. [d] Lit [6] mp 168-170°. [e] Lit [6] mp 182-183°.
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Table 2
Properties of N'{2-thiazolyl)malonamide Ring-Opened Products 2a-k

Recryst Analysis (%)

Compound R" R R Yield, (%) Mp (°C) Solvent Formula Calcd. Found
2a CH, H CH,CH, 73 118-120 TP [a] C,H,N,0,S C 58.11 58.35
H 5.23 5.29
N 14.52 14.22

2b CH,CH, H CH,CH, 99 139-140°

[b] TP C;sH,:N;0,8

2¢c C.H,CH,CH, H CH,CH, 90 106-107 TP C,H,,N,0,S C 60.55 60.43
H 6.03 6.07
N 13.24 13.20
2d CH,CH,CH, H CH,CH, 70 85-86 TP C,,H,,N,0,S C 51.74 51.79
H 6.71 6.70
N 16.46 16.43
2e (CH,),CH H CH,CH, 92 123-125 TP C,,H,,N,0,S C 51.74 51.78
H 6.71 6.72
N 16.46 16.44
2f (CH,),C H CH,CH, 85 132-134 TP C,H,N,0,S C 53.51 53.53
H 7.11 7.20
N 15.60 15.56
2g CH,CH, H CH, 95 140-141 TP C,H;N,0,S C 58.11 58.01
H 5.23 5.25
N 14.52 14.49
2h CH,CH, H C.H, 98 144-145 TP C,,H,,N,0,S C 64.94 65.17
H 4.88 5.03
N 11.96 11.75
2i CH,CH, H p-MeOCH, 99 160-163 TP C,,H,,N,0,5 C 62.98 62.90
H 5.02 5.01
N 11.02 10.99
2j C.H,CH, H p-CICH, 90 190-192 TP C,oH,,N,0,SCl C 59.14 59.20
H 4.18 4.17
N 10.89 10.85
2k (CH,CH,), H CH,CH, 99 [c] TP C,,H,(N,0,S C 53.51 52.87
H 7.11 7.51
N 15.60 14.90

[a] TP refers to tetrahydrofuran-petroleum ether. [b] Lit [6] mp 139-140°. [c] Product was not crystalline and decomposed on standing therefore the
elemental analysis was unsatisfactory. Spectral data supported the assigned structure.

Table 3

Properties of Symmetrical Malonamide Ring-Opened Products 3a-c

Recrystallization Analysis (%)
Compound R” R Yield (%) Mp (°C) Soivent [a) Formula Calcd. Found
3a C,H;CH, H 99 [b] 140-142 TH C,.H;;N.0, C 7232 72.23
98 [c] H 6.43 6.47
90 [d] N 9.92 9.88
3b C.H,CH,CH, CH, 18 [b] 184-185 TP C,,H,N,0, C 7405 73.97
99 [¢] H 746 7.51
N 8.64 8.61
3c C.H,CH, CH,CH, 90 [b] 136-138 TH C,,H,,N,0, C 7352 73.50
H 7.14 7.15
N 9.03 9.10

[a] Recrystallization solvents: tetrahydrofuran-hexanes (TH), tetrahydrofuran-petroleum ether (TP). [b] From ring-cleavage of mesoionic compound.
fc] From malonate condensation. [d} From 2b and benzylamine.
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ylamine or diethylamine, which have differing steric re-
quirements, high yields of 2a-f,2k were obtained in every
case.

Coburn and Glennon [2] confirmed the structure of the
ring-opening product 2b by an independent synthesis. In
the present study, the structures of 3a-c were confirmed
by condensing the unsubstituted, methyl or ethyl bis(2,4,6-
trichlorophenyl)malonate ester 4 with benzylamine or
phenethylamine at 160°. The products obtained were
identical to the ring-fission products 3a-c (Table 3).

Analytical data of the ring-opened products obtained in
the present study are listed in Tables 2 and 3. The ring-
cleavage reactions are summarized in Scheme I.

Treatment of Kinetic Data.

In the present investigation, the kinetic measurements
were made in deuteriodimethyl sulfoxide using 'H nmr
spectroscopy and in p-dioxane employing uv spectroscopy.

In the 'H nmr studies, the kinetics of the ring-opening
reaction of an equimolar (0.24 M) solution of mesoionic
8-ethylthiazolo[3,2-a]pyrimidine-5,7-dione (le) and benzyl-
amine were studied over a temperature range of 60-75°.
Under these conditions, the ring-opened compound 2b
was the only product isolated. The rate of reaction was de-
termined by measuring the integration curves for the dis-
appearance of one of the AA" BB’ doublet signals at 6 8.04
due to the thiazole protons of the mesoionic compound.
The methyl triplet, centered at 6 1.2, due to the N{8)-ethyl
substituent of le and its ring-opened product 2b was used
as an internal standard for integration. The concentration
ratio (H/H,,) of the thiazole proton (H,) to the internal
standard (H,,) was obtained for each sample. The value of
this ratio at time zero was used to relate the thiazole/stan-
dard ratio at later times to the concentration of the meso-
ionic compound le.

The 'H nmr kinetic data were fitted to the integrated se-
cond-order rate equation [9,10] where [M], and [M], are the

kt = [M];* — [MJ;! (1)

molar concentration of 1e at time equal to zero and at t,
respectively, and k is the second-order rate constant.

A common characteristic of the mesoionic thiazolopyr-
imidines is the occurrence of two absorption maxima at
245 nm and 275 nm in their uv spectra. In contrast, the
ring-opened products 2, in the presence of benzylamine
and the mesoionic thiazolopyrimidines, exhibit absorban-
ces at 255 nm and 275 nm. The rates of reaction of a series
of mesoionic thiazolo[3,2-a]pyrimidines la-e and benzyl-
amine in p-dioxane at 70° were determined by measuring
the decrease in absorbance at 245 nm accompanying for-
mation of the ring-opened product (Table 4). It was conve-
nient [9,11] to treat all the reactions for spectrophotome-
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tric measurement as occurring under pseudo first-order

conditions, since the ratio of amine to mesoionic com-

pound was always very large. Under this condition, the ex-

pression employed to fit the experimental data was the in-

tegrated pseudo first-order equation [9] where Ao, A, and

m:zwu%AL_:_ @
A — A,

A, are the absorbances at time equal to zero, infinity, and
t, respectively; t is the time of reaction and k is the observ-
ed pseudo first-order rate constant.

Table 4

Rates of Reaction [a) of Mesoionic 8-Ethylthiazolo[3,2-a}pyrimidine-5,7-
dione (1e) and Benzylamine in p-Dioxane at 70°

(Benzylamine)

(1a) Mole/? Mole/t *oos(hr™!) k(M~'hr™) 1’k
0.005 0.60 0.12(+0.02)[b] 0.20 5.0
0.005 0.45 0.16 (+£0.01) 0.36 2.8
0.005 0.30 0.40 (+0.02) 1.33 0.75
0.005 0.15 0.53 (£0.03) 3.5 0.29

[a] Reaction rate determined by uv method. [b] Standard error.

Order of Reaction.

From the 'H nmr data, a linear plot of [1/M,-1/M,} versus
time indicated the ring-opening reaction of le with benz-
ylamine was second-order overall at the specified tempera-
tures (Figure 1). The plots of log (A, - A,,) versus time from
the uv spectrophotometric data for the five /M(8)-substitu-
ted xanthine analogs with excess benzylamine indicated
that first-order kinetics were obeyed in each case. A typical

25} A / i
20¢ /
. o/ *1

00 20 40 6.0 8.0 100

Time (h}
Figure 1. Second-order Plots for the Ring-Opening Reac-
tion of Mesoionic 8-Ethylthiazo[3,2-a}pyrimidine-5,7-dione
(le) and Benzylamine in DMSQ-d, at 60° (®); 65° ((J);
70° (A) 75° (O).
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plot for 1d is shown in Figure 2. In addition, by varying
the concentration of the benzylamine (0.15-0.60 M) while
maintaining le at constant concentration (0.005 M), the
pseudo first-order dependence of rate on the amine con-
centration was also demonstrated (Table 4). The rate data
obtained from both the uv and 'H nmr methods, therefore,
clearly show that the ring-opening reactions studied exhi-
bit a first-order dependence on substrate and a first-order
dependence on amine.
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Figure 2. Typical Pseudo First-Order Plot for the Benz-
ylamine Induced Ring Fission of Mesoionic 8-p-Chioro-
phenylthiazolo[3,2-a]pyrimidine-5,7-dione (1d) in p-Diox-
ane at 70°.

Dependence of the Rate on Amine Concentration.

In order to determine the kinetic dependence of the rate
on benzylamine concentration, the concentration of 8-eth-
ylthiazolo[3,2-alpyrimidine-5,7-dione (le) was maintained
at 0.005 M and the concentration of the amine was varied
from 0.15 t0 0.6 M [11]. The results of the uv spectrophoto-
metric kinetic runs for le at 70° in p-dioxane are given in

50} 9
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Figure 3. Plot of 1/k for the Reaction of Mesoionic 8-Eth-
ylthiazolo[3,2-a}pyrimidine-5,7-dione (le) vs. the Initial
Benzylamine Concentration [BzNH,], in p-Dioxane at 70°.
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Table 4. The second-order rate constant, k, was obtained
by dividing the first-order constant, k.., by the total initial
benzylamine concentration [9}: k.,, = k [AMINE]. A plot
of the reciprocal of the second-order rate constant, 1/k, as
a function of initial benzylamine concentration is shown in
Figure 3. A reasonably good correlation (r = 0.98) was ob-
tained from a least-squares fit.

The results in Table 4 and Figure 3 indicate that the
bimolecular rate constant, k, decreases with increasing
benzylamine concentration. Hence in going from 0.15 M
to 0.60 M benzylamine, the rate constant, k, changes from
0.53 hr™* to 0.12 hr™'. This result is interesting and sur-
prising. Rheinlander [12], Singh and Peacock [13] and
Ross and Kuntz [14] have reported similar unusual beha-
vior in the bimolecular substitution nucleophilic reaction
of anilines with 2,4-dinitrochlorobenzene in 50% ethanol-
ethyl acetate. Ross and Kuntz [14] attributed the rate de-
crease with increasing amine concentration to charge-
transfer complex formation between substrate and nucleo-
phile. Since benzylamine is a donor molecule and meso-
ionic thiazolopyrimidines are acceptor molecules [6], mole-
cular complex (charge-transfer complex) formation is pos-
sible when both reactants are mixed together in solution
[15,16]). However, we do not have any experimental evi-
dence in support of this hypothesis because no spectro-
photometric band assignable to a charge transfer-complex
was observed [15] nor was any color formation of the
charge-transfer type observed when the reactants were
mixed in solution [14,16].

The observed rate phenomenon may be explained, in
part, in terms of medium effects resulting from intermole-
cular hydrogen bonding between the amine molecules [17,
18]. An increase in the concentration of the benzylamine
could result in an increase in the degree of intermolecular in-
teractions due to the closer average proximity of the amine
molecules [16]. The equilibrium, n RNH, = (R NH,),, will
tend to be shifted to the right at higher amine concentra-
tion leading to the formation of aggregates of amine [16].

This situation should reduce the nucleophilic ability of the
amine resulting in the observed apparent decrease in se-
cond-order rate constant. However, when the 'H nmr shifts
of benzylamine were measured over a concentration range
of 5-50% in p-dioxane as solvent, there was no observable
shift in the solvent peak (6 3.5) or in the amino proton reso-
nance (6 1.4). This result implies that the solvent is not for-
ming hydrogen bonds with the amine [18]. This result pre-
sumably rules out the aggregation of benzylamine in con-
centrated p-dioxane solutions [17] as a cause for the de-
crease in rate.

Another possible explanation is that the amine interacts
with the mesoionic compounds through the exocyclic oxy-
gen atoms to form hydrogen bonded complexes. Some
energy expenditure would probably be required to disrupt
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these hydrogen bonds and this may influence the transi-
tion-state and the rate of reaction [18]. Because of their re-
latively low solubility in p-dioxane, it was not possible to
vary the concentration of the mesoionic compounds suffi-
ciently to establish the possible role of hydrogen bonding
by 'H nmr studies.

Effect of Temperature on the Reaction Rate.

The dependence of the rate of reaction on temperature
was investigated by the 'H nmr technique. The reaction
conditions were kept constant while the temperature was
varied from 60° to 75° in five degree increments. As is ex-
pected, the rate of the ring-opening reaction increases
with increasing temperature (Figure 1). The correspon-
ding rates of ring fission reaction of le and benzyl amine
in DMSO-ds at four different temperatures are given in
Table 5. These second-order rate constants were employed
in an Arrhenius plot and an Eyring plot to determine AE*,
the activation energy, (25.3 kcals mol~'), AH*, the enthal-
py of activation, (24.7 kcals mol™) and AS*;4, the entropy
of activation, (—4.9 e.u.) [9,10].

Table 5

The Effect of Temperature on the Rates of Reaction [a] of Equimolar
Solution of 8-Ethylthiazolo[3,2-a]pyrimidine-5,7-dione (le)
and Benzylamine in Dimethyl Sulfoxide

k k
T UT x 10°  (M™ hr™Y) log k log T (°K)
0 °K)
60 3.00  0.14(£0.02)[b] —-0.860 —-3.383
65 2.96 0.27 (£0.02) -0.572 -3.102
70 2.92 0.34 (£0.02) ~0.469 —3.004
5 2.87 0.78 (£0.09) ~0.106 —2.647

[a} Reaction rates determined by ‘H nmr method. [b] Standard error.

Effect of Substituents on the Reaction Rate.

The negative AS* implies that the transition state is re-
stricted in orientation and is probably charged in nature
[9]. One useful method to probe the presence of a charged
transition state is to investigate the effect of substituents
on the rate of reaction. A polar transition state would be
expected to display some sensitivity to substituent electro-
nic effects [15,19]. The reaction of benzylamine and five
MN(8)-substituted mesoionic thiazolo pyrimidines (1a, R’ =
CHg; 1b, R = CHg; 1¢, R’ = p-MeOC,H,; 1d, R’ =
p-CICH,; 1e, R" = CH,CH,), was studied spectrophoto-
metrically in p-dioxane at 70°, under pseudo first-order
conditions, to determine the dependence of the rate on
substituents. From the half-lives and the relative rates, the
observed sequence of decreasing ease of ring-opening in
p-dioxane is p-chlorophenyl > phenyl > p-methoxyphen-
yl > methyl > ethyl (Table 6).
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Table 6

Dependence of Pseudo First-order Rate Constants [a] and Half-lives
on N(8)-Substituents for Ring Openings of Mesoionic Xanthines
by Benzylamine in p-Dioxane at 70°

Compound [b] k(hr™') Relative Rate ty, (hr)
la 0.23 (£0.03)[c] 1.9 3.0
1b 0.64 (+£0.02) 5.3 1.1
1c 0.46 (+£0.01) 38 1.5
1d 0.79 (+£0.06) 6.6 0.9
le 0.12 (+0.02) 1.0 5.8

[a] Reaction rate determined by uv method. [b] Concentrations of meso-
ionic compounds and benzylamine are 0.005 M and 0.60 M, respec-
tively. [c] Standard error.

It seems that the observed differences in rate of reaction
result from changes in charge redistribution associated
with the transmission of electronic influences of the substi-
tuents via the 7-electron system of the aromatic mesoionic
compounds [15,19-21]. Compared to the V(8)-alkyl analogs,
the N(8)-aryl derivatives have generally higher relative
rates. This is probably due, in part, to the electron with-
drawing influence of the aryl ring [22,23], which, in con-
trast to the alkyl substituents, can participate in interan-
nular or 7-electron delocalization with the aromatic ring
of the mesoionic compound. Within the aryl series, the p-
chlorophenyl and the p-methoxyphenyl derivatives exhibit
the highest and lowest relative rates respectively. This ob-
servation lends further support to the proposition that the
more electron withdrawing substituents would be expected
to enhance the relative ease of nucleophilic attack at the
electron deficient 5-carbonyl position.

A Hammett linear free energy treatment of the data,
(Table 6 and Figure 4) using the o,-constants for the sub-
stituents in the phenyl ring, gives an excellent correlation
(r = 0.995) for the aryl substituents. The g value derived
from these data is +0.48. The use of . gave a poor corre-
lation. The points for the alkyl (methyl and ethyl) substitu-
ents show significant deviation from the best straight line
through the remaining points. This deviation from a sim-
ple correlation can probably be expected for the alkyl sub-
stituents which have no w-electrons and, therefore, are ex-
pected to exhibit reduced resonance interaction with the
mesoionic ring. From the magnitude and sign of g and the
observed relative rates it can be concluded that the ring-
opening reaction exhibits a moderately low sensitivity to
electron attracting substituents. This implies that there is
little redistribution of charge involved in forming the tran-
sition state [23].

Garrett [25] has shown that the stability of several alkyl
sydnones in aqueous solutions can be expressed in terms
of the half-lives derived from the experimental pseudo
first-order rate constants. In the present work, the stability
of a series of /V(8)-substituted mesoionic purinones in diox-
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ane-benzylamine solution was estimated from the half-
lives (Table 6). The data show that the compounds investi-
gated are quite reactive at 70° and have half-lives of one
to six hours. The aryl derivatives are generally more reac-
tive than the alkyl analogs.

CIC,H,
-o1t o
CH,__—
o
CH,OC.H/
[+]

—

109 K ops.

-1.0 . L
-03 00 03

SUBSTITUENT CONSTANT, oy

Figure 4. Plot of log k.. agains g,, for the Reaction of
Benzylamine with a series of /V(8)-Substituted Mesoionic
Thiazolo[3,2-a]pyrimidine-5,7-diones la-e in p-Dioxane at
70°.

Effect of Solvent on the Reaction Rate.

Although a detailed study of solvent effects was not
undertaken, the difference in reactivity of le in p-dioxane
and in DMSO-ds was determined. From the 'H nmr me-
thod, the second-order rate constant obtained in DMSOQ-d,
at 70° for compound le was 0.34 M~* hr. The correspon-
ding second-order rate constant in p-dioxane (70°) using
the uv method was 0.20 M~ hr~'. The relative rate (kppsol/-
Kaioxane) 18 1.7. This result implies that DMSO-ds, which has
a larger dielectric constant than dioxane, causes a slight
increase in rate, and is indicative of a small increase in
charge density on going from the reactants to the transi-
tion state [21]. Most bimolecular nucleophilic substitution
reactions in which neutral reactants generate polar activa-
ted complexes are solvent dependent [21], implying that
the transition state is stabilized by an increase in the di-
electric constant of the solvent. This stabilization results
in decreased energy of activation accompanied by an in-
crease in the rate of reaction [21]. It is interesting to note
that the small values of AS*;44 (—4.9), the Hammet g con-
stant value of +0.48 and the relative rate kpaso/kaiorane
(1.7) are indicative of a small redistribution of charge den-
sity in forming the transition state [15,23].

Mechanism of Ring-Opening Reaction.

The observation of a second-order rate for the reaction
of benzylamine and mesoionic 8-ethylthiazolo[3,2-a]pyrim-
idine-5,7-dione (le) is consistent with a bimolecular reac-
tion in which the attacking species and the substrate are
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intimately involved in the rate determining step [9,21].
The observed negative entropy of activation, AS*, is ex-
pected for a bimolecular process in which two species
come together to form a single complex [20,21].

On the basis of the data available from the present kine-
tic studies, it is proposed that the ring-opening reaction of
benzylamine and the mesoionic thiazolopyrimidines in-
volves the formation of a polar tetrahedral transition state
in which the attacking amine becomes partially bonded to
the electron deficient carbonyl carbon, C(5), in the rate-de-
termining step. Formation of the tetrahedral transition
state is followed by the fast decomposition to a trigonal

product accompanied by ring-cleavage of the C(5)-N(4)
bond. Part of the energy required to cause the breaking of
the C(5)-N(4) bond of the mesoionic compound is furnish-
ed by the formation of the C(5-NHR bond between the
amine and the substrate [20].

As in bimolecular nucleophilic substitution reactions in-
volving nucleophilic acyl substitution, the rate determin-
ing step is expected to be slowed or blocked completely by
substituents which become crowded together in the transi-
tion-state [21,26]. This expected steric crowding probably
explains the observation that alkyl substituents at the C(6)
position tend to retard nucleophilic ring-cleavage in the
mesoionic analogs 1f and 1g. In addition, in the C(6) un-
substituted mesoionic compounds la-e, the C(5) carbonyl
carbon selectively undergoes nucleophilic attack by am-
ines in preference to the sterically more hindered C(7)
carbonyl carbon. However, it is not clear why bulky substi-
tuents in the amine nucleophiles do not appear to signifi-
cantly affect the ease of ring-opening of the mesoionic
compounds. Finally, the postulated mechanism provides a
reasonable rationale for the expected stabilization of the
negative charge on the oxygen of the 5-carbonyl position
in the proposed transition state.

EXPERIMENTAL

General,

Melting points were obtained with a Thomas-Hoover apparatus and
are uncorrected. All compounds were prepared using starting materials
obtained from either commercially available sources or made by stan-
dard literature procedures. Reagent grade solvents were used in all reac-
tions and column chromatographic separations. The solvents were fresh-
ly distilled before use. Thin-layer chromatography (tlc) was performed on
tle plates precoated with aluminum oxide (Analtech, Newark, Delaware).
The visualization of products in thin-layer chromatograms was accomp-
lished by uv absorbance or iodine.

Infrared spectra (ir) were recorded as potassium bromide disks on a
Perkin-Elmer 283 spectrophotometer. Proton magnetic resonance spec-
tra (*H nmr) were obtained with either a Varian T-60 or a JEOL FX90QII
spectrometer. The concentration of the samples was approximately 35
mg/0.5 ml of dimethyl-d, sulfoxide (DMSO-d,) or deuteriochloroform as
specified. All 'H nmr spectra were obtained using 5 mm spinning tubes
and signals were referenced to internal tetramethylsilane (TMS). The 'H
nmr signals are designated as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad singlet. Ultraviolet spectra (uv) were re-
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corded on a Beckman Acta MVII spectrophotometer using either spec-
trograde or purified solvents. Results are expressed as A max in nanome-
ters (nm).

Elemental analyses were performed by Atlantic Microlab, Inc., Atlan-
ta, Georgia and unless stated otherwise were within £0.4% of the theo-
retical value. If a compound was prepared by more than one method,
mixture melting points and comparisons of spectral data were perform-
ed.

Anhydro{8-methyl-5-hydroxy-7-oxothiazolo{3,2-a}pyrimidinium Hydrox-
ide) (1a).

An intimate mixture of 2{methylamino)thiazole [29] (350 mg, 3.1
mmoles) and bis(2,4,6-trichlorophenyl)malonate (1.55 g, 3.1 mmoles) was
heated neat at 160°, under a slow stream of nitrogen, until a clear melt
resulted (3 minutes). When cool, the resultant gum was triturated with
anhydrous diethyl ether and the solid product was collected by filtration.
Recrystallization from absolute ethanol gave 530 mg (94%) of la as
small yellow crystals, mp 228-229°; ir: 1640, broad (C=0) cm™; 'H nmr
(DMSO-d,): 6 3.4 (s, 3H, N-CH,), 6 4.6 (s, 1H, C(6}H), 6 7.5(d, IH,] = 4
Hz) and 6 8.1 (d, 1H,J = 4 Hz thiazole protons); uv (p-dioxane): A max
245 nm (log ¢ 4.2), 275 (3.5).

The mesoionic compounds la-g and 5a-g were all prepared in the
same manner as la using the appropriate amine and malonate ester.

Anhydro{8-phenyl-5-hydroxy-7-oxothiazolo[3,2-a]pyrimidinium Hydrox-
ide) (1b).

From 290 mg (0.57 mmole) of bis(2,4,6-trichlorophenyl)malonate and
100 mg (0.57 mmole) of 2-(phenylamino)thiazole [29] there was obtained
120 mg (88%) of 1b, mp 218-219°, (tetrahydrofuran-petroleum ether); ir:
1700 and 1670 (C=0) cm™'; '"H nmr (DMSO-d,): 6 4.6 (s, 1H, C(6)-H), 6 7.4
(d, 1H, J = 4 Hg, thiazole proton), 6 7.6 (s, SH, phenyl protons), 6 8.1 (d,
1H, ] = 4 Hg, thiazole proton); uv (p-dioxane) N max 245 nm (log € 4.3),
275 (3.6).

Ankydro{8-p-methoxyphenyl-5-hydroxy-7-oxothiazolo[3,2-alpyrimidinium
Hydroxide) (1¢).

From 660 mg (1.3 mmoles) of bis(2,4,6-trichlorophenyl)malonate and
270 mg (1.3 mmoles) of 2{p-methoxyphenylamino)thiazole [30] there was
obtained 340 mg (95%) of 1c, mp 212-213° (absolute ethanol); ir: 1650,
broad (C=0) cm™; 'H nmr (DMSO-d,): 8 3.8 (s, 3H, -OCH,), 6 4.7 (s, 1H,
C(6)H), 6 7.2(d, 1H, ] = 4.5 Hz, thiazole proton), 6 7.4-7.5 (g, 4H, ArH), 6
8.0 (d, 1H, J = 4.5 He, thiazole proton); uv (p-dioxane): A\ max 245 nm
(log € 4.5), 275 (3.8).

Anhydro-(8-p-chlorophenyl-5-hydroxy-7-oxothiazolo[3,2-a)pyrimidinium
Hydroxide) (1d).

From 240 mg (0.48 mmole) of bis(2,4,6-trichlorophenyl)malonate and
100 mg (0.48 mmole) of 2-{p-chlorophenylamino)thiazole [28] there was
obtained 120 mg (90%) of 1d, mp 225-227° (absolute ethanol); ir: 1700
and 1650 (C=0) cm™"; 'H nmr (DMSO-d,): & 4.7 (s, 1H, C(6)-H), & 7.4 (d,
1H,]J = 4 Hg, thiazole proton), 7.6 (d of d, 4H,J = 3 Hz, ArH), 5 8.1 (d,
1H, ] = 4 Hz, thiazole proton); uv (p-dioxane); A max 245 nm (log € 4.4),
275 (2.7).

Anhydro-(6-methyl-8-ethyl-5-hydroxy-7-oxothiazolino[3,2-a}pyrimidinium
Hydroxide) (5b).

From 360 mg (0.77 mmole) of bis(2,4,6-trichlorophenyl)methylmalon-
ate and 100 mg (0.77 mmole) of 2-ethylamino-2-thiazoline there was ob-
tained 140 mg (92%) of 5b, mp 214-215° (absolute ethanol-diethyl ether)
(it [5] mp 214-215°); ir: 1650, broad (C=0) em™*; 'H nmr (DMSO-d,): 6 1.2
(t, 3H, ethyl-CH,, J] = 4 Hz), 8 1.7 (s, 3H, C(6)-CH,), 6 3.6 (q, 2H,
N@8)}CH,-,J = 4 Hz), 6 3.8(t,2H,J = 4.5 Hz) and 6 4.4 (1, 2H, J = 4.5
Hz, thiazoline protons).
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N-Phenyl-N'{(2-thiazolyl}-N-ethylmalonamide (2a).

A solution of 1e (500 mg, 2.6 mmoles) and aniline (240 mg, 2.6 mmoles)
in tetrahydrofuran (60 ml) was heated at reflux until tlc (95% ethanol)
analysis indicated the disappearence of starting material (112 hours).
The solvent was removed in vacuo. Recrystallization of the product from
tetrahydrofuran-petroleum ether afforded 540 mg (73%) of 2a as white
crystals, mp 118-120°; ir: 3360 (N-H), 1700, 1640 (C=0) cm™; 'H nmr
(deuteriochloroform): & 1.4 (1, 3H, CH,, J = 6 Hz), 6 3.7 (s, 2H,
-COCH,CO.), 6 4.2 (q, 2H, N(8)}-CH,, ] = 6 Hz), 6 6.8-7.4 (m, TH, phenyl
and thiazole protons), § 8.1 (br, 1H, NH, exchanged with deuterium ox-
ide).

Compounds 2b-k were prepared in a manner similar to that employed
for 2a.

N-Benzyl-N'{2-thiazolyl)-n-ethylmalonamide (2b).

From le (200 mg, 1 mmole) and benzylamine (100 mg, 1 mmole) in
tetrahydrofuran (50 ml) there was obtained after 24 hours 299 mg (99 %)
of 2b, mp 139-140° (lit [6] mp 139-140°).

N-Phenethyl-N'(2-thiazolyl}-N"ethylmalonamide (2c).

From le (500 mg, 2.6 mmoles) and phenethylamine (310 mg, 2.6
mmoles) in tetrahydrofuran (60 ml) there was obtained after 24 hours 720
mg (90%) of 2¢ as white crystals, mp 106-107° (tetrahydrofuran-petro-
leum ether); ir: 3300 (N-H), 1660 (C=0), 1640 (C=0) cm™*; ‘H nmr (deute-
riochloroform): 6 1.3 (t, 3H, CH,), 6 2.7 (1, 2H, benzyl-CH,-,J] = 5.5 Hz), 6
3.4 (m, 4H, -COCH,CO- and «-CH,- protons of PhCH,CH,), 6 4.2 (q, 2H,
ethyl-CH,-, J = 6 Hz), 4 7.1 (d, 1H, thiazole proton, ] = 4 Hz), § 7.4 (s,
SH, phenyl protons), 6 7.6 (d, 1H, thiazole proton, ] = 4 Hz), § 7.8 (br,
1H, NH, exchanged with deuterium oxide).

N-Propyl-N'{2-thiazolyl)-V"-ethylmalonamide (2d).

From le (500 mg, 2.6 mmoles) and propylamine (151 mg, 2.6 mmoles)
in tetrahydrofuran (60 ml) there was obtained after 13 hours 450 mg
(70%) of 2d, mp 85-86° (tetrahydrofuran-petroleum ether); ir: 3320 NH),
1660 and 1640 (C=0) cm™; 'H nmr (DMSO0-d,): 6 1.0-1.5 (m, 6H, 2CH,), 6
3.0 (2H, -CH,-N-), 6 3.6 (s, 2H, -COCH,CO-), § 4.2 (m, 2H, CH,-CH,-NH, J
= 4 Hz), § 7.3 (d, 1H, thiazole proton J = 4 Hz), § 7.5 (d, 1H, thiazole
proton J = 4 Hz), § 8.2 (br, 1H, NH, exchanged with deuterium oxide).

N-Isopropyl-N'{2-thiazolyl)- ¥V ethylmalonamide {2e).

From le (500 mg, 2.6 mmoles) and isopropylamine (151 mg, 2.6
mmoles) in tetrahydrofuran (60 ml) there was obtained after 20 hours 611
mg (92%) of 2e as white crystals, mp 123-125° (tetrahydrofuran-petro-
leum ether); ir: 3325 (NH), 1650 (C=0) cm™"; ‘H nmr (deuteriochloro-
form): 6 1.3 (m, 9H, 3CH,), 6 3.4 (s, 2H, -COCH,CO-), 6 4.2 (m, 3H,
N(8)-CH,- and methine proton of -CHN-CO), 6 7.2 (d, 1H, thiazole proton
J = 4 Hz), 6 7.8 (d, 1H, thiazole proton, J = 4 Hz), § 7.8 (br, 1H, NH, ex-
changed with deuterium oxide).

N-t-Butyl-N'{2-thiazolyl)-Nethylmalonamide (2f).

From 1le (500 mg, 2.6 mmoles) and ¢-butylamine (187 mg, 2.6 mmoles)
in tetrahydrofuran (60 ml) there was obtained after 27.5 hours 590 mg
(85%) of 2f as white crystals, mp 132-134° (tetrahydrofuran-petroleum
ether); ir: 3340 (NH), 1660 (C=0) cm™; 'H nmr (deuteriochloroform): &
1.2 (m, 12H, 4CH,), 6 3.3 (s, 2H, -COCH,CO-), § 4.3 (1, 2H, N(8)-CH,-,] =
6 Hz), 6 7.3 (d, 1H, thiazole proton, J] = 4 Hz), § 7.5(d, 1H, ] = 4 Hz, thi-
azole proton), 6 7.8 (br, 1H, NH, exchanged with deuterium oxide).

N-Benzyl-N'{2-thiazolyl}-V"methylmalonamide (2g).

From 1a (83 mg, 0.45 mmole) and benzylamine (50 mg, 0.45 mmole) in
tetrahydrofuran (40 ml) there was obtained after 24 hours 124 mg (95%)
of 2g, mp 140-141° (tetrahydrofuran-petroleum ether); ir: 3300 (NH),
1670 (C=0) cm™; 'H nmr (deuteriochloroform): 6 3.7 (s, 2H, -COCH,CO.),

6 (s, 3H, CH,;), 6 4.8 (d, 2H, benzyl CH,,, J = 4.5 Hz), 6 7.6 (d, 1H,
thiazole proton, ] = 4 Hz), 6 7.9 (s, SH, phenyl protons), 8.1 (d, tH,
thiazole proton, J = 4 Hz), 6 8.3 (br, 1H, NH, exchanged with deuterium
oxide).
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N-Benzyl-N'{2-thiazolyl}nphenylmalonamide (2h).

From 1b (110 mg, 0.45 mmole) and benzylamine (50 mg, 0.45 mmole)
in tetrahydrofuran (20 ml) there was obtained after 12 hours 155 mg
(98%) of 2h as light tan crystals, mp 144-145° (tetrahydrofuran-petro-
leum ether); ir: 3300 (NH), 1690 and 1650 (C=0) cm™"; 'H nmr (deuterio-
chloroform): 8 3.6 (s, 2H, -COCH,CO-), 6 4.8 (d, 2H, benzyl CH,-, ] = 4.5
Hz), 6 7.6 (d, 1H, thiazole proton, J = 4 Hz), 6 7.9-8.1 (m, 11H, phenyl
and thiazole protons), 8.3 (br, 1H, NH, exchanged with deuterium ox-
ide).

N-Benzyl-N'{2-thiazolyl)-N"p-methoxyphenylmalonamide (2i).

From 1c¢ (51 mg, 0.19 mmole) and benzylamine (20 mg, 0.19 mmole) in
tetrahydrofuran (20 ml) there was obtained after 16 hours 72 mg (99 %) of
2i as off-white crystals, mp 160-163° (tetrahydrofuran-petroleum ether);
ir: 3310 (NH), 1690 and 1650 (C=0) cm™; 'H nmr (deuteriochloroform): 6
3.6 (s, 2H,-COCH,CO-), 6 4.2 (s, 3H, OCH,), 6 4.8 (d, 2H, benzyl CH,-, ] =
4.5 Hz), 6§ 7.2 (d, 1H, thiazole proton, ] = 4 Hz), 6 7.4 (s, 9H, ArH), 6 7.6
(d, 1H, thiazole proton, ] = 4 Hz), § 8.3 (br, 1H, NH, exchanged with
deuterium oxide).

N-Benzyl-n'{(2-thiazolyl} Np-chlorophenylmalonamide (2j).

From 1d (45 mg, 0.16 mmole) and benzylamine (18 mg, 0.16 mmole) in
tetrahydrofuran (20 ml) there was obtained after 24 hours 55 mg (90%) of
2j, mp 190-192° (tetrahydrofuran-petroleum ether); ir: 3320 (NH), 1700
and 1650 (C=0) cm™; 'H nmr (deuteriochloroform): 6 3.7 (s, 2H,
-COCH,CO-), 6 4.7 (d, 2H, benzyl CH,-, J = 4.5 Hz), 6 7.3 (d, 1H, thiazole
proton, J = 4 Hz), 6 7.5 (s, 9H, ArH), 6 7.7 (d, 1H, thiazole proton,J = 4
Hz), 6 8.4 (br, 1H, NH, exchanged with deuterium oxide).

N,N-Diethyl-N'{2-thiazolyl)}-N"ethylmalonamide (2k).

From le (500 mg, 2.6 mmoles) and diethylamine (187 mg, 2.6 mmoles)
in tetrahydrofuran (60 ml) there was obtained after 33 hours a pale brown
oil. The oil was distilled at 88-90°/1.5 mm to yield 687 mg (99%) of 2k as
a colorless liquid which darkened on standing; ir: (neat) 1660 (C=0) cm™;
'H nmr (deuteriochloroform): 6 1.5 (m, 9H, 3CH,), 6 3.3 (g, 4H, diethyl-
CH,-, J] = 6 Hz), 6 3.6 (s, 2H, -COCH,CO-), 6 4.2 (g, 2H, ethyl-CH,-,J] = 6
Hz) 6 7.2 (d, 1H, thiazole proton,] = 4 Hz)and 6 7.5(d, 1H,J = 4 Hz,
thiazole proton).

N,N'Dibenzylmalonamide (3a). Method A.

Compound 2b (1 g, 3.3 mmoles) and benzylamine (300 mg, 3.3 mmoles)
in tetrahydrofuran (100 ml) were heated under reflux for 17 hours. The
solvent was removed under reduced pressure and the residue was recrys-
tallized from tetrahydrofuran-hexanes forming white crystals 840 mg
(90%), of 3a as white crystals, mp 140-142°; ir: 1670 and 1630 (C=0)
em™'; 'H nmr (deuteriochloroform): 6 3.5 (s, 2H, -COCH,CO-), 6 4.7 (d,
4H, benzyl protons, ] = 4 Hz), 6 7.8 (s, 10H, phenyl protons), 6 8.3 (br,
2H, NH, exchanged with deuterium oxide).

Method B.

A solution of le (200 mg, 1 mmole) and benzylamine (100 mg, 1
mmole) in p-dioxane (60 ml) was heated at reflux for 24 hours. The sol-
vent was removed In vacuo. Recrystallization of the product from tetra-
hydrofuran-hexanes, gave 280 mg (99%) of 3a as white crystals, mp
140-142°.

Method C.

Bis(2,4,6-trichlorophenyl)malonate (600 mg, 1.2 mmoles) and benzyl-
amine (400 mg, 3.7 mmoles) were heated in an oil bath at 160° until a
clear melt resulted (1 minute). The 2,4,6-trichlorophenol formed and the
excess benzylamine were removed during the heating period by passing a
slow stream of nitrogen through the flask. The residued oil was triturated
with anhydrous diethyl ether. The product was collected by filtration and
recrystallized from tetrahydrofuran-hexanes to give 330 mg (98%) of 3a,
mp 140-142°.

N,N-Diphenethylmethylmalonamide (3b). Method A.
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A mixture of 1f (350 mg, 1.7 mmoles) and benzylamine (24.2 g, 203
mmoles) was heated at reflux (180°) for 24 hours. The pale orange mix-
ture was filtered. Addition of petroleum ether-anhydrous diethyl ether
(10 ml, 1:1) to the filtrate produced slightly off-white crystals. Recrystalli-
zation from tetrahydrofuran-petroleum ether yielded 10 mg (18%) of 3b
as white crystals, mp 184-185°; ir: 3300 (NH), 1660 (C=0) cm™"; 'H nmr
(deuteriochloroform): 6 1.4 (d, 3H, CH,, J = 5 Hz), § 2.7 (m, 5H, methine
proton and a-CH,- protons of PhCH,CH,-), 6 3.3 (1, 4H, benzyl-CH,-, ] =
6 Hz), 6 6.8 (s, 10H, phenyl protons), 6 7.6 (br, 2H, NH, exchanged with
deuterium oxide).

Method B.

Compound 3b was prepared in a manner similar to that employed for
3a using method C above. From 500 mg (1.05 mmoles) of bis(2,4,6-tri-
chlorophenyl)methylmalonate and 380 mg (3.15 mmoles) of phenethylam-
ine there was obtained, after recrystallization from tetrahydrofuran-pe-
troleum ether, 337 mg (99%) of white crystals, mp 184-185° (tetrahydro
furan-petroleum ether).

N,N'-Dibenzylethylmalonamide (3¢). Method A.

A mixture of 1g (938 mg, 4.2 mmoles) and benzylamine (500 mg, 4.2
mmoles) in diphenyl ether (45 ml) was heated at 130° for 19 hours. Most
of the solvent (40 ml) was distilled off under reduced pressure. Addition
of anhydrous diethyl ether (8 ml) to the cooled residue gave a slightly off
white crystalline solid. Recrystallization from tetrahydrofuran-hexanes
gave 1.3 g (90%) of 2¢ as white crystals, mp 136-138°; ir: 3300 (NH), 1670
(C=0) cm™'; 'H nmr (deuteriochloroform): 6 1.0 (1, 3H, CH,, J = 4.5 Hz),
6 1.9 (m, 2H, ethyl CH,-), 6 3.2 (t, 1H, methine proton,J] = 5 Hz), 6 4.5 (d,
4H, benzyl CH,-,J = 4 Hz), 6 7.4 (s, 10H, phenyl protons), § 7.8 (br, 2H,
NH, exchanged with deuterium oxide).

Method B.

Compound 3¢ was prepared in a manner similar to that employed for
3a using method C above. From 400 mg (0.8 mmole) of bis(2,4,6-tri-
chlorophenyl)ethylmalonate and 250 mg (2.3 mmoles) of benzylamine
there was obtained, after recrystallization from tetrahydrofuran-hexanes,
240 mg (96%) of 3¢ as white crystals, mp 136-138°.

Kinetic Studies. Materials.

The preparation of the various mesoionic compounds la-g is de-
scribed herein or has been described previously. Benzylamine (99 + %
grade) obtained from Aldrich Chemical Co., was distilled before use, and
a middle fraction of bp 40° at 5 mm pressure was used. All solvents em-
ployed for kinetic measurements were purified by literature methods
[27]. Spectrograde p-dioxane (Aldrich) was refluxed for 7 hours over sod-
ium hydroxide pellets and then distilled at atmospheric pressure (bp
100-101°). The distillate was stored over Fischer Scientific Co. 4A mole-
cular sieves. Dimethyl-ds sulfoxide (DMSO-ds) obtained from Wilmad
Glass Co., was distilled from potassium hydroxide and the middle distil-
late (bp 72°/10 mm) was collected over Fischer 4A molecular sieves.
Tetrahydrofuran (99 + % grade, Aldrich) was distilled at atmospheric
pressure. The distillate was allowed to stand 48 hours over sodium hydr-
oxide pellets and 24 hours over sodium chips. It was distilled from sod-
ium and stored over 4A molecular sieves. Kinetic studies were performed
in a water bath maintained at +0.1° by means of a Haake-51 thermostat.

Procedure.
A. Control Experiment.

In order to check the accuracy of the quenching method to be used in
the kinetic measurements, a 0.24 M solution, equimolar in benzylamine
and le, was prepared in DMSG-ds. Samples of the solution were left in a
refrigerator (0°) and at room temperature for a period of 24 hours. There
was no detectable change in the 'H nmr spectra of these two samples at
the end of the test period.

B. Proton NMR Method.

In a typical experiment, a stock solution of le (47 mg/ml) and benzyl-
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amine (25 mg/ml) was prepared in DMSO-d, at room temperature using a
10-m] volumetric flask. At the beginning of each run, 0.4 ml of solution
containing the amine and the mesoionic compound was transferred to
each of six '"H nmr tubes using a 1-m] pipette. The tubes were immedia-
tely cooled in an ice-water mixture and then sealed with a hand torch.
When the tubes returned to room temperature, they were simultaneously
placed in the constant temperature bath (60°, 65°, 70°, 75°). After the
tubes had been withdrawn at appropriate intervals and quenched in an
ice-water mixture, they were again allowed to return to room tempera-
ture. The rate of reaction was then determined by measuring the integra-
tion curves for the disappearance of one of the AA', BB’ doublet signals
at 6 8.04 due to the thiazole protons of the mesoionic compound. The
methyl signal ( 8 1.2) of the mesoionic compound was used as an internal
standard. Each experiment was performed in duplicate and each 'H nmr
signal was integrated six times and the averaged value was used for
subsequent calculations.

C. UV Spectrophotometric Method.

The procedure used for the proton magnetic resonance technique was
employed for the spectrophotometric method with slight modifications.
One milliliter portions of sample solutions (0.15-0.6 M with respect to
benzylamine and 1 x 107 M with respect to mesoionic compound) in p-
dioxane at room temperature were pipetted into each of six Pyrex am-
pules. The ampules were immediately sealed with rubber septum caps
and simultaneously placed in a constant-temperature water bath (70°). At
appropriate intervals, ampules were removed and quenched by plunging
them into ice-water mixture. After the quenched ampules returned to
room temperature, a 50 pl aliquot was removed using a hypodermic syr-
inge fitted with a 5 cm needle. For an optimum absorbance reading, the
aliquot was diluted with p-dioxane in a 10-ml volumetric flask to 2.00 x
10~* M with respect to the initial concentration of the mesoionic com-
pound. The decrease in absorbance at 245 nm accompanying formation
of the ring-opened product was measured as a function of time. Absor-
bance-time measurement was continued until the absorption peak of the
ring-opened compound appeared at 255 nm. Each experiment was per-
formed in duplicate. The uv absorbances were determined with a
Beckman Acta MVII spectrophotometer using a 1-cm quartz cell covered
by a Teflon stopper.

The best fit to the kinetic data was obtained in all cases by the method
of least squares employing a Hewlett-Packard Company Teletype pro-
gram. For the uv method, reactions were followed until the 255 nm absor-
bance due to the ring-opened product was the only observable signal. For
the 'H nmr technique, integration measurements were continued until it
became impractical to analyze the spectra further. No corrections were
made for concentration changes between room temperature and the reac-
tion temperatures.
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