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Abstract - Reactions of (Z/El-2-phenyl-4-(or-arylethylidenel-S(4H~-oxazolones and 
Z-2-phenyl-4-arylmethylene-5(4H)-oxazolones vith nucleophiles occur vith retention 

of the exocycl~c double band geometry, whereas reactions of E-2-phenyl-4-arylmethylene- 

5(4Hl-oxazolones vith some nucleophlles occur wlth total or partial isomerlzatlon. 

Structural calculations, MNPI and M 1 ,  on model compounds reveal that the methyl group 

does not essentially affect the phenyl ring-double bond planarity. Application of the 

Kloprnan-Salem equation to the reaction of E-2-phenyl-4-benzylidene-5(4H)-oxazolone vith 

dlrrerent ammea, calculated by MNDO, points to a reversible nucleophillc attack st the 

exocyclic carbon of this S(4H)-oxazolone as a possible explanation of this behavlour. 

As Z-2-phenyl-4-benzylidene-5(4HI-oxaaa10ne is more stable than the E-isomer, the 

opening reactions of the Z-compound occur without isomerization. 

A conslderable interest has been shown in the synthes~s and react~vlty of #.p-dehydroamno acid 

1 
derlvatlvea as they have been found in small peptides with antimlcroblal actlvlty . Moreover, 
they are one of the best precursors of optically-active u-amino acid derivatives obtained by 

2 asymmetric hydrogenatmn . As previously reported, some of these y3-dehydroamino acld derivati- 
v e ~ ,  acids and esters, can usually be obtained by stereospeciflc openrng of the correspondmg Z- 

3 or E-S(4H)-axazolones obtained by standard procedures . We have been working for several years on 
the synthesis of (~/~1-2-phenyl-4-(1l-arylethylidene)-5(4~)-oxazalones~ (1) and we have shown that 

~n all cases these compounds can be stereospecifically opened to yield the corresponding (Z/El-2- 

5 benzamido-3-aryl-2-butenoic aclds, esters and amides . 
Nevertheless, when these synthetic procedures were tried on (Z/E)-2-phenyl-4-aryImethylene-5(4H)- 

oxazolones (21, we found that the stereochemlstry of the resultant products depended on the 



6 
stereochem~stry of the 5(4H)-oxazolane and the nucleophlle used . Now we report our last results 

and a first attempt at rationalization. 

5 
As we have prev~ously reported , hydrolysis and metanolysis of compounds 1 and 2 occur wlth 

retention of configuration to afford the (Z/E)-2-benzamido-3-pheny1-2-propen0i~~0 butenoic) 

acids and their corresponding methyl esters. Nevertheless, aminolysis of compounds 1 and 2, which 

IS an important synthetic route to dehydrodipeptide derivatives and heterocyclic compounds6, 

occurs in a different way depending on the stereochemistry and substitution of the double bond. 

That is to say, aminolysls of z. 2 and 22 occurs with retention of the double bond geometry 

in ail cases, whereas minolysis of g occurs with total or partial isomerization to give a 

mixture of 2- and E-2-benzamida-3-phenylpropenecaaboxamide (Scheme 1). 

SCHEME 1 

Geometric study 

These results showed that a slight structural difference between 13 and g (the presence of a 

methyl group) seemed to be of great importance in determining the final products. We in~tlally 

thought that this rather different behaviour mlght be attributable to geometr~cal differences 

between the compounds leading to a lack of phenyl ring-double bond coplanarity in 1. Since no 

experimental data are yet available, theoretical calculations are the best way of estimating the 

molecular geometry of these compounds. 
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MNDO calculations7 with all geometry, except phenyl rings, optimized on compaunda 1 and 2 gave 

phenyl rings almost perpendicular to the double band (Fig. 11, which is in strong contrast n t h  

the planar structure of Z-2-methyl-4-benzylidene-5(dH)-oxazolone 3 recently determmed by X-ray 
8 

diffraction . 

FIGURE 1 

The lack of planarity may be due to the known MNDO tendency to overestimate short non-bonded 

9 
contacts. Recent modificatlan of MNDO approaches by Dewar led to AM1 program where short contacts 

are better evaluated. AM1 calculations10, keeping the phenyl ring as a rigld unit on model 

compounds 4 and 3, led to non-planar structures, although the deviation from planarity was smaller 

12 
(Fig. 2). Finally MMPI calculatlonsll vere carried out on d~fferent model compounds 6 and 2 . 
Geometrical values obtained under full optimization using this empirical method vere more in 

acco~dance with the experimental observed planarity for 3 (Fig. 3). 

The obtained results point out that the diverse observed behaviour cannot be attributed to 

geometrical differences. According to MMPI calculations, all the compounds studied should be 

planar or quasi-planar. Consequently, MNDO calculatlons7 vere repeated on 5 and 2 but now forcing 

the planarity of the whole system. In both cases. MNDO with optimized geometry and with enforced 

planarity, the results showed very smilar features regarding electronic properties of 1 and Z 



Figure 2 

7E - 
Figure 3 
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(Table 1). so that the dlfferances between J, and 3 and between 22 and 2 cannot really be put 

down to some electronx effect. In summary, it 1s not easy to account for them different 

behaviour towards nucleophiles. 

Table 1. Electron~c properties of 5(4H)-oxazolones 1 and as calculated by MNDO. 

Squares of the atomic coefficients 

Ph 
CH3 'E -0.940 -1.360 0.084 0.367 0.049 0.258 

H Ph -0.950 -1.310 0.086 0.358 0.048 0.253 ZZ 
Ph H 2E -0.890 -1.280 0.088 0.364 0.053 0.257 - 

Atomic Charges 

Ph 
CH3 1E 0.351 0.075 0.362 0.096 

H Ph U.349 0.113 0.350 0.111 % 
Ph H 0.353 0.114 0.367 0.119 2E 

a )  All geometry, except phenyl rings, optimized 

b) Enforced planarity 

Quantitative studz 

When compound 2E reacted with several 'mines as nul leophi les  different degres-a bf isomerizatlon 

of its exocyclic double bond from E to Z were determmed. The 5(4H)-3xazolome 3 has three reactive 

sites towards nucleophiles: C-2, C-5 and C-6. Reaction at C-2 was discarded, from considerations 

based on the present work (no expermental observation of products coming from C-2 attack) and 



also from those of ~ u h  et .1.13 where the attack at C-2 occurred only in acldlc media. I" our 

reaction cond~tmns only attack on C-5 and C-6 are possible, and obviously the lsomerlzatlon can 

only arise from the attack of the nucleoph~le at C-6. Thls ralses the typlcal problem of an 

ambident electroph~le reacting with nucleophlles. The importance of the frontler molecular orbital 

14 
approach in solving such problems has been clearly shown , and the qualitative use of the 

Klopman-Salem equation is uldespread. However, not many reports have appeared in the organlc 

literature in vhlch thls equatmn is used in a quantitative way. 

15 Table 2 contains the energy and atomlc coefficients for the HOMO, and for the effective HOMO , 

molecular orbital havini lone paln character, as well as the N atomlc charge for the serles of 

N-nucleophiles used. 

Quantiflcatlon of the Klopman-Salem equation for the nucleophillc attacks at C-5 and C-6 of the 

planar 5(4H)-oxazolone 2E in benzene l E =  2.28) led to the results shown in Table 3. As can be 

seen, the reactlon seemed to be governed by charge in all cases. Moreover. 2" all cases reactmn 

should take place at C-5 whlle experimentally an inltlal partlal or total lsomerlzatlon from g 

to 2 (attack at C-6 fallowed by reaction at C-5 and opening) was observed. Thus, theoret~cal 

Calculation did not agree with experiment. However, when AE dE6 is compared with the percentage 
5 

of isomer~zatxm, a quahtatzve correlation was observed: the smaller the energy difference the 

larger the percentage of isomerlzatmn. As was to be expected in view of the table I. 

quantification of the Kloprnan-Salem equation for the nucleoph~l~c attacks at C-5 and C-6 of the 

S(4H)-oxamlone g wlth optlmzed geometry led to very slmilar resuls, and the qualltatlve order 

for AE - AE6 is mamtalned. 
5 

Table 2. Energy and atomic coef~clent of N atom at HOMO and effective HOMO, as well as N atornlc 

charge, as calculated by MNDO. 

Probably, some paramenters were badly considered when Klopman-Salem equatlon was quantitatively 

used. The dielectric constant introduced in the coulombic contrlbutmn ( E = 2.28 for benzene) 
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may have been underestimated since the "effective E" should have been used. Obviously an increased 

c value would decrease the coulombic contribution in the Klopman-Salem equation, although in order 

to justlfy a preferential attack on C-6 an extremely high value for E is required. These results 

suggest that the cause of the lsomerlzation may be a reversible attack of the nucleoph~le at C-6; 

16 
this attack should be more hindered for &because of the methyl group . Thls suggestion is in 
agreement with the fact that vith harder nucleophiles such as CH~O- or HO', whxh must show a 

greater preference for C-5 attack, the reactlon is stereospeclf~c vith all 5(4H)-oxazolones. 

Table 3. Energetic terms of Klopman-Salem equation for the nucleophilic attack at C-5 and C-6 of 

22, as well as expermental percentage of isomerlzatmn. 

'6 C5 

Coulomb. Orbital Coulomb. Orbltal 

Nucleophlle Contrlb. Contrib. AE6(ev1 Contrib. Contrlb. AE5(evl A E ~ - A E ~  % Isom. 

PhCH2NH2 -0.211 -0.023 -0.234 -0.651 -0.005 -0.656 -0.422 100 

P-CH30-Ph-NH2 -0.286 -0.024 -0.310 -0.881 -0.005 -0.886 -0.576 85 

P-CH -Ph-NH2 -0.287 -0.025 -0.312 -0.886 -0.005 3 
-0.891 -0.579 80 

Ph-NH2 -0.284 -0.027 -0.311 -0.877 -0.006 -0.883 -0.572 55 

p-C1-Ph-NH2 -0.279 -0.022 -0.301 -0.861 -0.004 -0.865 -0.564 40 

Thermodynamic conslderatlons 

When the reactmns were carried out on the stereochemistry of the exocyclic double bond was 

always maintained. The different behavlour between 22 and 23 can be explained by the different 

stability of these compounds, which greatly favours the 2-lsomer under the equilibrium condltions 

given by a reversible attack of the nucleophile at C-6. Table 4 contains the relative heats of 

formation for 2_2 and depending on the theoretux1 method employed. These resuls are in 

accordance vlth the fact that under thermal condltions only g ls obtained. The lsomerization of 

22 into 22 can be achieved by treatment wlth HBr; it has been established,moreover, that this - 
17 

isomerization is radical-initiated . 



Table 4. Relative hea t  of formation (Kcallrnol) f o r  22 and 2E. 

Compound M N D O ~  UVPI~ 

a)  Calcula tmns  ca r r i ed  ou t  on 22 and 2E wlth enforced p l a n a r ~ t y  

b) Calculations ca r r l ed  ou t  on 42 and 4E with enforced p l ana r i t y  

c) C a l c u l a t ~ o n s  ca r r i ed  out  on 62 and 6E on f u l l  optimization 

EXPERIMENTAL 

Nmr spec t r a  were recorded on a Bruker WP-80-CW Spectrometer. g and vere synthesized by 

4 
standard procedures from t h e  carbonyl compound and h ippur ic  acid . Products lg and 2 i  w e r e  

4 
obtalned from 1L and 2A us ing  the appropr ia te  isomerlzatlon procedures . I n  a l l  cases the  5(4H)- 

oxamlone and the  corresponding m i n e  were ref luxed i n  benzene u n t i l  completion (TLC) and t h e  

5 
r e s u l t i n g  mixture was t r e a t e d  as usual . 

A so lu t i on  of thecorresponding 5(4H)-oxazolone ( 3  mmol) and t h e  amlne (9 mmol) 1" anhydrous 

benzene (40  ml) 1s heated a t  r e f l ux  temperature u n t l l  completion (TLC) The so lu t i on  is cooled 

and. l f  a p r e c i p i t a t e  Bppears, it is f i l t e r e d ,  washed wlth anhydrous benzene (10 m l )  and dr ied .  

The benzene so lu t i on  is washed wlth d i l u t ed  hydrochloric ac id  (15 ml) ,  then with s a tu ra t ed  sodium 

hydrogen carbonate (25 m l ) ,  is dr ied  with sodium s u l f a t e  and is evaporated under reduced pressure  

and the  product is gathered with t h e  above rnent~oned p rec ip i t a t e .  The i s o m e r i z a t ~ o n  r a t i o  was 

1 
detemlned by H-nmr i n t e g r a t ~ o n  of t h e  amide proton i n  the  expanded spect ra .  

Methods used i n  t heo re t i ca l  ca lcula t ions :  

Electronic s t ruc tu re s  of the  nucleophiles and 1 and 2 vere calcula ted  by t h e  SCF semiempirical 

molecular o r b i t a l  method MNDO. Measurements of A E  from t h e  Klopman-Salem equation were made taking  

2.28 as "effective E "  fo r  benzene. The resonance i n t e g r a l ,  PC-N Was taken as the  geometric average 

of individual p value='', and f m a l l y  considering P = 1. 
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