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Mechanism of the Hydrolysis of (Z)-4-Benzylidene-2-methyloxazolin-5-one 
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The methyl (la) and the phenyl (2) derivatives of (Z)-4-benzylideneoxolin-~one were hydrolyzed at comparable 
rates under alkaline conditions. In contrast, the acidic hydrolysis of 2 was at least lo5 times slower than that 
of la. The Hammett p value obtained from the acidic hydrolysis of the phenyl substituted derivatives of la 
was 0.20 f 0.09 while that from the corresponding basic hydrolysis was 1.50 f 0.11, Methanolysis of la under 
basic conditions produced the methyl ester of (2)-w(acety1amino)cinnamic acid, and that under acidic conditions 
led to products consistent with the attack of methanol at the imine carbon. These results indicate that the alkaline 
hydrolysis of the oxazolin-sone derivatives occurs through nucleophilic attack at the carbonyl carbon of the substrate 
and the acidic hydrolysis through that at the imine carbon. 

The mechanism of nucleophilic reactions a t  acyl deriv- 
atives has been the subject of extensive investigation. In 
recent years, interests in this area have been focused on 
the determination of the detailed structure of the tran- 
sition state.l In addition, catalysis by intramolecular 
functional groups2 or metal ions3 in transacylation reac- 
tions has been emphasized as models for hydroytic en- 
zymes. 

Oxazolin-5-ones (A), anhydrides of N-acyl amino acids, 
are acyl derivatives with an interesting structural feature; 
the presence of carbonyl and imine carbons. Thus, the 
carboxyl ester and the imidate ester linkages of A are the 
potential reaction sites for the attack by nucleophiles. 
Attack of a water molecule or hydroxide ion under alkaline 
or acidic conditions a t  the carbonyl carbon would produce 
tetrahedral intermediates related to B, while that at  the 
imine carbon would lead to those related to C. Breakdown 
of B would be accompanied by ring opening a t  the C- 
(acyl)* bond, producing the corresponding N-acyl amino 
acid. Breakdown of C, however, could involve ring opening 
through the cleavage of either the C(alky1)-0 or the C- 
(alkyl)-N bond. 

\ 
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In the present study, kinetics of the hydrolysis of 2- 

methyl (la-f) and 2-phenyl (2) derivatives of (21-4- 
benzylideneoxazolin-5-ones were measured under both 
acidic and alkaline conditions. The kinetic data, together 
with the products of methanolysis of la, allowed identi- 
fication of the reaction sites under the respective reaction 
conditions. 

Experimental Section 
Materials. Compounds la-f were prepared according to the 

general procedure reported in the literature4 by reacting the 
corresponding benzaldehydes with acetyl glycine in acetic an- 
hydride in the presence of sodium acetate. la: mp 151-152 "C 
(lit.4 mp 148-150 "C). l b  mp 182-183 "C mp 185-186 "C). 

(1) Suh, J.; Lee, B. H. J. Org. Chem. 1980, 45, 3103 and references 

(2) Suh, J.; Kim, M. J.; Kim, C. B. J. Org. Chem. 1983,48, 2453 and 

(3) Suh, J.; Cheong, M.; Suh, M. P. J. Am. Chem. SOC. 1982,104, 1654 

(4) Herbst, R. M.; Shemin, D. 'Organic Syntheses"; Wiley: New York, 

therein. 

references therein. 

and references therein. 
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la, R = CH,; X = H 
lb ,  R = CH,; X = N O ,  
IC, R = CH,;X = CN 
ld ,R=CH,;X=Cl  
le ,  R = CH,; X =CH, 
If, R = CH,; X = OCH, 

IC: mp 234-236 "C. Id: mp 143-145 "C. le: mp 139-140 "C. 
1E mp 113.5-114 "C (lit! mp 114 OC). Compound 2 was prepared 
according to the literature, mp 167-168 "C (lit.' mp 165-166 "C). 
The 2 configuration of the 4-benzylideneoxazolin-5-ones has been 
previously establi~hed.~*~ a-(Acety1amino)cinnamic acid was 
prepared by hydrolyzing la in boiling 2:l acetone-water, mp 
195-197 "C (lit: mp 191-192 "C). a-(Benzoy1amino)cinnamic 
acid was obtained by the hydrolysis of 2 in 10% NaOH solution 
heated on a steam bath, mp 240-240.5 "C (lit.' mp 224-236 "C). 
Methyl (2)-w(acety1amino)cinnamate was synthesized by the 
reaction of la with sodium methoxide in methanol: mp 118-119 
"C; 'H NMR 6 2.2 (singlet, 3 H, acetyl), 3.9 (singlet, 3 H, methoxy). 
Satisfactory results of elemental analysis (C, H, N) were obtained 
for lc-e and methyl (2)-a-(acety1amino)cinnamate. Acetone and 
methanol were purified according to the literaturelo before being 
used in kinetic studies. Water was distilled, deionized, and then 
used in kinetic measurements. 

Kinetic Measurements. Reaction rates were measured with 
a Beckman Model 5260 or 25 UV/vis spectrophotometer by ob- 
serving the decrease in absorbance in the 330-370-nm region. 
Temperature (25 "C) was controlled to within fO.l "C with a 
Haake E52 circulator. The reactions were carried out with initially 
added acetone (3-40% (v/v)), and the evaporation of acetone 
during kinetic measurements was prevented by sealing the cu- 
vettes tightly with serum caps. Kinetics were performed at an 
ionic strength of 1.0 which was adjusted with sodium chloride. 
Buffers used were chloroacetate (pH 2.5-3), formate (pH 3-4.5), 
acetate (pH 4.5-53, borate (pH 7.7-9.6), and carbonate (pH 
10-11.3). pH measurements of the acetone-containing buffer 
solutions were carried out with a Fisher Accumet Model 525 pH 
meter. Pseudo-first-order kinetics were observed up to at least 
three half-lives for relatively fast reactions, for which the pseu- 
do-first-order rate constants were calculated with the infinity 
absorbance values measured. For reactions whose half-lives were 
greater than 2 h, pseudo-first-order rate constants were calculated 

2, R =  C,H,;X= H 

(5) Dakin, H. D. J. Biol. Chem. 1929,82, 445. 
(6) Niederl, J. B.; Ziering, A. J. Am. Chem. SOC. 1942, 64, 885. 
(7) Herbst, R. M.; Shemin, D. 'Organic Syntheses"; Wiley: New York, 

(8) Hanson, K. R. J. Chem. SOC., Chem. Commun. 1971, 185. 
(9) Prokof'ev, E. P.; Karpeiskaya, E. I. Tetrahedron Lett. 1979, 737. 
(10) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. "Purification of 

1943; Collect. Vol. 2, p 489. 

Laboratory Chemicals", 1st ed.; Pergamon: London, 1966. 
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Table I. Rate Parameters for the Hydrolysis of la  and 2"tb 
compd solvent kHapp kHcorr kOHapp koHcorr 

la  3% (v/v) acetone 162 f 10 162 f 10 (1.33 f 0.12)104 (1.56 f 0.14)104 
la 40% (v/v) acetone 70.8 f 5.0 57.5 f 4.0 (1.20 f 0.10)103 (1.17 * 0.10)104 
2 40% (v/v) acetone no reactn no reactn (3.46 f 0.30)102 (3.38 f 0.30)103 

"At  ionic strength 1.0 which was maintained with sodium chloride and at 25 "C. buni t  for the rate parameters are M-l min-'. 
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Figure 1. Kinetic data for the hydrolysis of l a  (line A) in the 
presence of 3% (v/v) acetone and for the hydrolysis of 2 (line 
B) in the presence of 40% (v/v) acetone. Buffer concentration 
was either 0.01 M (0) or 0.05 M (0). 

by the Guggenheim method or by the initial rate method. 
Acidic Methanolysis of la. After la (0.4 g) was incubated 

in 30 mL of 0.05 M methanolic HCl for 3 h, the mixture was 
neutralized with a 0.2 M methanol solution of sodium methoxide. 
The solid material which was obtained after evaporation of 
methanol was washed with acetone and then with methanol. The 
'H NMR (the singlet at 6 4.1 was the only signal except those of 
phenyl protons) and IR spectra of the product were very similar 
to those of authentic sodium phenylpyruvate (Aldrich). For two 
separately prepared samples, the number of carbon atoms per 
nitrogen atom in the product was 43 and 23 when calculated from 
the results of elemental analysis. 

Results and Discussion 
The hydrolysis of la was kinetically studied at various 

pHs in the presence of 3% (v/v) acetone. Acetone was 
added to dissolve la (1 X lo-' M) in water. Buffer effects 
were examined by measuring the rate in the presence of 
either 0.01 M or 0.05 M buffer. The results are illustrated 
in Figure 1. In order to dissolve 2 (1 X M) in water, 
40% (v/v) acetone was needed. The hydrolysis of la was, 
therefore, also examined in the presence of 40% (v/v) 
acetone in order to compare its results with those of 2. 

Rate data for the hydrolysis of 2, measured in the 
presence of 40% (v/v) acetone with either 0.01 M or 0.05 
M buffer, are illustrated in Figure 1. No reaction was 
detected for 2 a t  acidic pHs. 

As illustrated in Figure 1, rate data obtained with both 
0.05 M and 0.01 M buffer are located on the same lines, 
indicating the absence of general acid or base catalysis by 
the added buffer species. The straight lines drawn in 
Figure 1 have the slope of either 1.00 (at basic pHs) or 
-1.00 (at acidic pHs). Thus, the pseudo-first-order rate 
constants are proportional to either hydroxide or hydro- 
nium ion concentration (eq 1 and 2). 

pH values were measured directly with a pH meter in 
the presence of added acetone. In order to calculate sec- 
ond-order rate constants (kH and k ~ ~ )  from the pH pro- 

files, it should be clarified whether the pH values reflect 
the correct hydronium concentrations even in the presence 
of acetone. In addition, K ,  values in the acetone-water 
mixtures are needed for calculating hydroxide concentra- 
tion and, subsequently, kOH values. A t  ionic strength 1.0, 
the pH of 0.02 M HC1 was higher by 0.09 in the presence 
of 40% (v/v) acetone than in water and was the same in 
the presence of 3% (v/v) acetone and in water. Thus, it 
appears that hydronium ion has smaller activity in the 
presence of acetone but the difference is not large. At an 
ionic strength of 1.0, the pH of 5 mM NaOH was greater 
by 0.07 in the presence of 3% (v/v) acetone and by 0.99 
in the presence of 40% (v/v) acetone than that in water. 
The greater pH in the presence of acetone reflects the 
decreased activity of hydronium ion and, to a greater ex- 
tent, the decreased K,. 

The values of kHapp and koHapp were calculated by 
assuming that [H+] = 10-pH and K, = 1 X lo-'* M2 and 
are summarized in Table I. These values were corrected 
for the pH differences in the acetone-containing water, and 
the consequently obtained values of kHcorr and koHcorr 
are also included in Table I. An increase in the acetone 
content from 3% to 40% results in ca. a 10-fold decrease 
in koHapp for la. The rate difference, however, becomes 
much smaller after correction for the pH differences. 

Quantitative production of (2)-a-(acety1amino)cinnamic 
acid and (2)-a-(benzoy1amino)cinnamic acid during the 
alkaline arid acidic hydrolysis of la and during the alkaline 
hydrolysis of 2, respectively, was evidenced by the UV 
spectra of the product solutions and by the large-scale 
synthesis of the cinnamic acids under the respective con- 
ditions. These products can be formed either by the nu- 
cleophilic addition of water at  the carbonyl group and the 
subsequent C-0 cleavage (i.e., D) or by that at the imine 
group followed by C-0 cleavage (i.e., E). The products, 
however, rule out the possibility of the cleavage of C-N 
bond (F) after the nucleophilic addition at the imine group. 

D E F 

Although la and 2 are hydrolyzed at  comparable rates 
under alkaline conditions, acidic hydrolysis was observed 
only for la.  For 2, no reaction was observed spectropho- 
tometrically for several hours at  pH 1. Thus, k H  is smaller 
for 2 than for l a  by a t  least lo5 times. This difference is 
not easily explained in terms of the intermediacy of D. 
However, if the acidic hydrolysis occurs through the ad- 
dition of a water molecule at  the imine group, protonation 
of the imine nitrogen would be an important factor 
(Scheme I). The Schiff bases derived from aromatic 
carbonyl compounds are less basic by 2-3 pK units com- 
pared with those derived from aliphatic ones.11J2 A similar 

(11) Suh, J.; Koltz, I. M. J. Polym. Sci., Polym. Chem. Ed. 1978, 16, 

(12) Cordes, E. H.; Jencks, W. P. J. Am. Chem. SOC. 1963,85,2843. 
1943. 
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Figure 2. Hammett plots for kHapp (0) and koHapp (0). The 
compounds studied for the construction of the solid line are le, 
la, IC, and lb  (from left), and those of the dotted line are lf, Id, 
IC, and lb  (from left). 
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pK difference might be present between the nitrogen at- 
oms of 2 and la. This can be related to the slower acidic 
hydrolysis of 2. However, it  is difficult to account for the 
large rate difference (>105-fold) in terms of the basicity 
of the imine nitrogen alone. This is because the conjugate 
acid of 2, once protonated, could react much more readily 
than that of la, if only electronic effects are considered. 

Examination of a space-filling model revealed that the 
attack of water a t  the imine carbon could be sterically 
hindered by the phenyl group attached to the imine car- 
bon. The steric effect can be the major factor for the very 
slow acidic hydrolysis of 2. Similar rates for the alkaline 
hydrolysis of la and 2 are consistent with the attack of 
hydroxide ion a t  the carbonyl carbon, since the attack at  
the imine carbon might be accompanied by large steric 
retardation for 2. 

The effects of the phenyl substituents in the derivatives 
of la were examined by measuring the rates of acidic and 
alkaline hydrolysis of la-f. Because of the limited solu- 
bility of the compounds in water, the reactions were carried 
out in the presence of 30% (v/v) acetone. For each com- 
pound, kHapp and koHapp were calculated from the pH 
profile of ko. Hammett plots for kHapp and koHapp are 
illustrated in Figure 2. The parameter values were not 
corrected for the pH readings, since the p value is not 
affected by the correction. The p values obtained by the 
weighted linear regression of the data in Figure 2 are 
summarized in Table 11, together with the p values re- 

Table 11. Hammett Reaction Coefficients for the 
Hydrolysis of la-f and trans-Cinnamovl Derivatives’ 

compdb 
la-f 

la-f 

O-trans-cinnamoyl-to- 
phenyllactic acidsc 

trans-cinnamoyl azidesd 

trans-cinnamoyl azidesd 

p-nitrophenyl 
trans-cinnamatesd 

hydroly- 
sis 

acidic 

alkaline 

alkaline 

alkaline 

alkaline 

alkaline 

solvent P 

30% (v/v) 0.20 f 0.09 

30% (v/v) 1.50 f 0.11 

no organic 0.92 f 0.07 

0.8% (v/v) 0.98 * 0.01 

50% (v/v) 1.29 f 0.07 

50% (v/v) 1.27 * 0.07 

acetone 

acetone 

solvents 

acetonitrile 

acetone 

acetone 

‘At 25 O C .  Ionic strength was 0.55 for 0-trans-cinnamoyl-L-P- 
phenyllactic acids and 1.0 for other compounds. bFor trans-cin- 
namoyl derivatives, the benzene ring of the cinnamoyl portion was 
substituted for the structure-reactivity study. Reference 13. 

Reference 14. 

Scheme I1 

ported for the alkaline hydrolysis of trans-cinnamoyl de- 
rivatives. 

The small p value for the acidic hydrolysis of the de- 
rivatives of la is consistent with the mechanism of Scheme 
I. Electron-withdrawing substituents will retard the pro- 
tonation of the imine nitrogen but will promote the water 
attack at  the protonated substrate. The small p value for 
kHapp indicates that these two contradicting effects are 
nearly balanced. The p value observed for the alkaline 
hydrolysis of the derivatives of la is similar to those ob- 
served for the alkaline hydrolysis of trans-cinnamoyl de- 
rivatives. This provides further support for the attack of 
hydroxide ion a t  the carbonyl carbon of la. 

Methanolysis products obtained with la under either 
acidic or basic conditions were examined. Methyl (2)- 
a-(acety1amino)cinnamate was quantitatively formed from 
the basic methanolysis (0.05 M sodium methoxide) of la, 
as indicated by the UV spectra of the product solutions 
and by the large-scale synthesis of the methyl ester under 
similar conditions. 

The reaction of la with acidic methanol (0.05 M HC1) 
did not produce the methyl ester as checked by thin-layer 
chromatography, although the ester was stable under the 
experimental conditions. The product isolated after acidic 
methanolysis of la, as indicated in the Experimental 
Section, is best described as sodium phenylpyruvate con- 
taminated by the sodium salt of @-phenyl-a-iminopropionic 
acid (G). Although pure G was not isolated apparently due 
to its instability, the absence of acetyl or methoxy signals 
in the lH Nh4R spectra of the product clearly demonstrates 
that the carbonyl carbon is not the reaction site in the 
acidic methanolysis of la. Addition of methanol a t  the 
protonated imine group of la would lead to imidate ester 

(13) Kaiser, E. T.; Chan, T. W.; Suh, J. “Protein-Metal Interactions”; 
M. Friedman, Ed.; Plenum: New York, 1974; p 59. (14) Suh, J.; Lee, B. H. J.  Korean Chen. SOC. 1980, 24, 469. 
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Scheme I11 

' Ph 

of N-phenylmaleisoimide may be cited as an analogue of 
the present reaction. As summarized in Scheme 111, the 
carbonyl carbon and the imine carbon were the reaction 
sites under basic and acidic conditions, respectively, in the 
hydrolysis of N-phenylmalei~oimide.'~ 

Acknowledgment. This work was supported by the 
Basic Science Research Institute program (1984), Ministry 
of Education, Republic of Korea. 

H (Scheme 11)) which ~ h o u l d  be further solvol~zed to G. 
Hydrolysis of G to phenylpyruvic acid is attributable to 
contact with trace water either in the methanolvsis step 
or in the workup process. In acidic hydrolysis, attack df 
water a t  the imine carbon of protonated la would produce 

Registry No. (Z)-la, 38879-46-8; (2)-lb, 66949-13-1; (Z)-lc, 
94929-80-3; (z)-ld, 93634-55-0; (Z)-le, 93634-54-9; (Z)-lf, 

(Z)-cr-(acetylamino)cinnamic acid in the place of H, and 
this product is not easily converted to G. 

under acidic 

7119872-6; (a-29 17606-70-1; PhCHO, 100-52-7; P-NO&~H~CHO, 
555-16-8; p-NCCeH4CHO, 105-07-7; p-C1Cp,H4CHO, 104-88-1; 

PhCH=C(CO,H)NHAc, 55065-02-6; (Z)-PhCH=C(CO,H)- 
p-MeC6H4CH0, 104-87-0; p-MeOC6H4CH0, 123-11-5; (2)- 

NHC(O)Ph, 2634847-0; (Z)-PhCH=C(C02Me)NHAc, 60676-51-9; 
N-acetylglycin,,, 543-24-8. 

In sUmmary9 lack Of the reactivity Of 

conditions, results of the Hammett Plots obtained for la-f, 
and methanolysis products of la indicate that the carbonyl 
carbon of the oxazolin-5-one derivatives is the site of nu- 
cleophilic attack under basic conditions, while the imine 
carbon is the site under acidic conditions. The hydrolysis (15) Sauers, C. K. Tetrahedron Lett .  1970, 1149. 
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Tautomeric heterocyclic thiols are readily alkylated by 5-(halomethyl)uracils, giving both S- and N-substituted 
products. S derivatives such as 19 undergo rapid elimination of thiolate anion in base, whereas the isomeric 
6-substituted uracil derivatives such as 3 show no elimination. Kinetic and 13C NMR studies are consistent with 
an elimination mechanism involving heterocyclic quinone methide intermediates, which can arise from the 
5-substituted uracil derivatives but not from the 6-substituted series. The proposed mechanism is further supported 
by studies of the pH dependency of the elimination reaction and of the effect of substitution in the uracil ring 
(see Table I and Scheme 11). N-Substituted (thione) derivatives such as 36 also undergo base-catalyzed elimination, 
but at rates some lo5 to lo6 times slower than those for the corresponding S derivatives when the uracil is 
unsubstituted on nitrogen. The high sensitivity of elimination rate to changes in the leaving group atom is attributed 
to a transition state in which the connecting methylene group has considerable carbocation character (see Scheme 
VI). Analogous derivatives (such as 42) of tautomeric heterocyclic selenols have also been prepared, and their 
elimination kinetics further support this interpretation. 

The importance of uracil and its derivatives as con- 
stituents of nucleic acids and related biological systems 
has led to extensive studies of the chemistry of pyrimidine 
derivatives bearing oxygen functions.' One interesting 
aspect of this chemistry concerns the relationship between 
uracil, thymine, and 5-(hydroxymethy1)uracil (23) deriv- 
atives2 (Scheme IV). Kinetic ~ t u d i e s ~ ! ~  of the solvolysis of 
esters and p-nitrophenyl ethers derived from 23 suggest 
involvement of heterocyclic quinone methide species 20 
and 21; intermediacy of 20 has also been invoked5 to ex- 
plain the reaction of the corresponding Mannich bases6 
with aniline. A number of 5-(thiomethyl)uracil derivatives 
have been described,' but the possibility of solvolysis in- 
volving quinone methide species in this series appears not 
to have been addressed. Our interest in protective groups 
for heterocyclic thiols and photographically useful mate- 
rials* led us to investigate the chemistry of the thioethers 
derived from alkylation by 5-(chloromethyl)uracils. We 
report here our findings, which not only demonstrate that 
such thioethers undergo base-catalyzed elimination of 

'Principle Author. Deceased January 19, 1984. 
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thiolate anions but also provide strong evidence for a 
mechanism involving heterocyclic quinone methide species. 

Results and  Discussion 
Thioethers Derived from 1-Phenyl- 1,2,3,4-tetra- 

zole-5-thiol and  5- and  6-(Chloromethy1)uracils. 5- 

(1) Brown, D. J. 'The Pyrimidines"; New York, 1962; pp 256-258. See 
also: "The Pyrmidines", Supplement I, Wiley: New York, 1970, pp 
193-198. Bradshaw, T. K.; Hutchinson, D. W. Chem. SOC. Reu. 1977,6, 
43. 

(2) For further discussions related to the possible biological implica- 
tions of these relationships see: Green, M.; Barner, H. D.; Cohen, S. S. 
J. Biol. Chem. 1957,228, 621. Kallen, R. G.; Simons, M.; Marmur, J. J .  
Mol. Biol. 1962,5, 248. Charlton, P. A.; Young, D. W. Chem. Commun. 
J. Chem. SOC. 1980, 614. 

(3) Pogolotti, A. L.; Santi, D. V. Biochemistry 1974, 13, 456. 
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( 5 )  Asherson, J. L.; Bilgic, 0.; Young, D. W. J .  Chem. Soc., Perkin 

Trans. 1 1980, 522. 
(6) Burckhalter, J. H.; Seiwald, R. J.; Scarborough, H. C. J .  Am. Chem. 
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Med. Chem. 1976,19,344. 
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