
1979 3203 

The Formation of 2-Benzyloxyoxazol-5(4H)-ones from Benzyloxycarbonyl- 
amino-acids 

By John H. Jones and Michael J. Witty, The Dyson Perrins Laboratory, South Parks Road, Oxford OX1 3QY 

The cyclodehydration of benzyloxycarbonylamino-acids by successive treatment with acid chloride-forming re- 
agents and triethylamine has been shown to give 2-benzyloxyoxazol-5(4H) -ones, not N-benzyloxycarbonyl- 
aziridinones as reported previously. The 2-benzyloxyoxazol-5(4H) -ones, which are the first 2-alkoxyoxazol- 
5(4H)-ones to be described, are more easily attacked by nucleophiles at position 5 and less easily ionised at 
position 4 than their well known 2-aryl and 2-alkyl analogues. 

DERIVATIVES (1) of acetylamino-acids, benzoylamino- 
acids, and acylpeptides which are activated for peptidc 
bond formation undergo ready cyclisation to give 
oxazol-5(4H)-ones (Z),  this process competing with 
aminolysis by an external nucleophile. The oxazol- 
5(4H)-ones (2) thus formed are themselves acylating 
agents and so lead ultimately to formation of peptidcs 
but their racemisation through stabilised anions is rapid 
and any peptide produced in this way is not stereo- 
chemically homogeneous (Scheme 1). Alkoxycarbonyl- 
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amino-acids, however, can be activated and coupled 
without any risk of racemisation in all except a few 
special cases, where side-chain intervention occurs.2 

Miyoshi 3 9 4  has described the cyclodehydration of 
benz yloxycarbon ylamino-acids (3) to give activated 
heterocycles (Scheme 2) which react rapidly with amino- 
esters to yield, after appropriate isolation procedures 
including recrystallisation, optically pure peptides. An 
alkoxycarbonylaziridinone structure (4 ; R = PhCH,) 
was assigned to the crystalline intermediate derived from 
benzyloxycarbonyl-L-phenylalanine (3 ; R = PhCH,) 
following a detailed study of its i.r., lH n.m.r., and mass 
spectra. However, all the spectroscopic evidence for (4; 
R = PhCH,) is also consistent with the 2-benzyloxy- 
oxazol-5(4H)-one structure ( 5 ;  R = PhCH,), and the 
ambiguity is not easily resolved as no close analogy for 

either has been substantiated. The only N-alkoxycar- 
bonylaziridinone reported previously is (S), which was 
said to have been isolatcd after ruthenium tetraoxide 
oxidation of N-ethoxycarbonylaziridine, but it appears 
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that the compound actually isolated was ethyl carb- 
amate. So far as analogies for (5 )  are concerned, no 
2-alkoxyoxazol-5(4H)-ones have been described. 

Miyoshi favoured (4) largely on the grounds that 
aminolysis gave optically pure peptides, this being held 
to rule out (5) because the formation of oxazol-5(4H)- 
ones in peptide synthesis commonly leads to racemis- 
ation. This is a izon sequitur, however: whether 
racemisation occurs must depend on the relative rates of 
racemisation and ring opening 7 and there is no reason to 
suppose that (5 )  would necessarily be the same as pre- 
viously encountercd oxazol-5(4H)-ones in this respect. 
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EtOCO-N E t O C O - N t p h  4 
(6)  (7)  

We now present unambiguous evidence that the pro- 
ducts of the cyclodehydration shown in Scheme 2 are in 
fact 2-benzyloxyoxazol-5(4H)-ones. In  the 13C n.m.r. 
spectra of the derivatives obtained from [15N]-labelled 
benzyloxycarbonyl-DL-phenylalanine and -valine, 13C- 
15N coupling was observed for one only of the two low- 
field carbons in each case.8 The Figure shows this for 
the valine derivative. Whilst this is clearly consistent 
with these compounds having structures (5; R = PhCH, 
and CHMe, respectively), as these each have but one sf12 
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carbon atom attached directly to nitrogen, it rules out 
structures of type (4) since these have two. All the 
so-called benzyloxycarbonylaziridinones reported by 
Miyoshi which we have prepared have similar i.r. 
characteristics and are presumably ac,tually 2-benzyloxy- 
oxazol-5(4H)-ones : other compounds such a: 
posed a-lactam (7),9 which was prepared by 
method, also require reexamination. 
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Completely proton-decoupled 13C n.m.r. spectra: A ,  [14N]-2- 

benzyloxy-4-isopropyl-~~-oxazol-5(4H)-one, full spectrum; 
B, as A expanded to show the two low-ficld carbon signals 
only; C, as B for the [15N]~~azo1-5(4H)-one 

Comparison of 2-alkyl- and 2-alkoxy-thiazol-5(4H)- 
ones has shown lo that the members of the 2-alkoxy- 
series are substantially more difficult to ionisc at position 
4 than are their 2-alkyl counterparts. This proved to 
apply in the oxazol-5(4H)-ones as well: the oxazol- 
5(4H)-one derived from benzyloxycarhonyl-L-phenyl- 
alanine was racemised by tertiary base much more slowly 
than were the oxazol-5(4H)-ones obtained from acetyl- 
and benzoyl-L-plienylalanine (Table 1 ) . This alone 

TABLE 1 

Second-order rate constants for the racemisation of 2- 
substituted-4-benzyloxazol-5(4H)-ones by equivalent 
amounts of tertiary amines, a t  a concentration of 
0 . 0 2 5 ~  in ch oroform at 293 K 

2-Substituent 
Ph 

PhCH,O 
CH, 

k ,  for k ,  for 

as base/ as base/ 

> I  3.6 
> I  1.7 x 10-l 

triethylamine di-isopropylamine 

1 mol-1 s-1 1 mol-' s-l 

2.6 x lo-, 4.2 x 10-3 

TABLE 2 
Second-order rate constants for the formation of 4-bromo- 

and 4-nitro-anilides by reaction of 2-substituted- 4- 
benzyloxazol-5(4H)-ones with equivalent amounts of 
4-bromo- or 4-nitro-anilines, in deuteriochloroform 
solution at 310.5 K, at a concentration of 0 . 1 7 ~  

k ,  for reaction k ,  for reaction 
with with 

4-bromoaniline/ 4-nitroaniline/ 
2-Su bstituent 1 mol-l s-l 1 mol-' s-1 

Ph 8.4 x 10-5 < 10- 
2.1 x 10- 3.3 x 10-4  

:F6H2O 2.0 x 10-2 5.5 x 10-3 

would have sufficed to explain Miyoshi's finding that his 
compounds underwent aminolysis to give optically pure 
products but the scales are tilted even more in favour of 
coupling without racemisation in the case of the 2- 
benzyloxyoxazol-5(4H)-ones by the fact that they are 
also much more reactive as acylating agents than are 
oxazol-5(4H)-ones of the familiar kind (Table 2). 

2-Aryl- and 2-alkyl-oxazol-5(4H)-ones undergo a 
range of useful reactions at  position 4 in which the anion 
is an intermediate. Our attempts to carry out reactions 
of this type on the 2-benzyloxyoxazol-5(4H)-one ( 5 ;  
R = PhCH,) were largely fruitless because of its 
diminished ease of ionisation and greater sensitivity to 
nucleophiles.ll 

Kemp has shown l2 that the base-catalysed formation 
of oxazol-5(4H)-ones is a two-step process involving a 
rate-determining intramolecular reaction of the anion 
formed by ionisation of the amide function (Scheme 1) .  
In considering the effect of varying the amide function 
on the ease of cyclisation the factors to focus upon are 
therefore the acidity of the N-H and the nucleophilicity 
of the conjugate base. In both respects the cyclisation 
of an activated benzyloxycarbonylamino-acid would be 
predicted to be more difficult than that of the cor- 
responding acetyl or benzoyl derivative. We are not 
aware of any published quantitative comparison of the 
N-H acidity of amides and carbamates, but Bordwell 
has made such a comparison by the application of his 
met hods l3 to the benzyloxycarbonyl- and benzoyl- 
derivatives of glycine benzyl ester in dimethyl sulph- 
oxide, for which he finds ph' values of 22.0 and 21.2, 
respectively. In addition to this, urethane groups have 
been shown l4 to be less nucleophilic at oxygen than 
amides. I t  was therefore not unexpected that we should 
be unable to bring about the formation of ( 5 ;  
R = PhCH,) from (3; R = PhCH,) with any treatment 
mildcr than those indicated in Scheme 2. 

In conclusion, it is misleading to say, as many texts 
and reviews have , that benzyloxycarbonylamino-acids 
can be coupled without racemisation because of their 
inability to form oxazol-5(4H)-ones. These protected 
amino-acids can be converted into oxazol-5(4H)-ones , 
although only under restricted and forcing conditions, 
but the derived oxazolones are highly reactive acylating 
agents of relatively high optical stability: even if they 
were formed under coupling conditions they would not be 
expected to lead to racemised peptides. 
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EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
N.m.r. spectra were recorded with deuteriochloroform as 
solvent and tetramethylsilane as internal standard (a) for 
protons, with a Perkin-Elmer R32 Spectrometer operating 
a t  90 MHz and 310.5 K and (b) for 13C, on a Bruker WH90 
instrument operating at 22.6 MXz and 305 K with solutions 
of ca. 50% concentration (assignments were confirmed by 
observation of C-H coupling but only the completely 
proton-decouplecl spectra are reported). Mass spectra 
were recorded on a Varian CH7 spectrometer operating at 
70 eV. 

Tliion yl 
chloride (0.8 nil, I1 nitnol) was added to a stirred solution of 
N-benzyloxycarbonyl-L-phenylalanine (2.99 g, 10 mmol) in 
ether (25  ml) a t  -30". After 5 min, triethylamine (5.2 ml, 
40 mmol) was added dropwise over 30 min with stirring. 
After a further 10 inin, the mixture was filtered and evapor- 
ated to give an oil, which was dissolved in ether (15 ml). 
The ether solution was filtered and evaporated, and the 
residue was triturated with light petroleum (2 x 35 nil). 
Evaporation of the triturate gave the required product as an  
oil (1.2 g, 4376). Crystallisation from light petroleum gave 
the oxazolone as needles, m.p. 73-73.5"; [aIDz0 -34.5" (c 1 
in THF) {lit.,, n1.p. 73.5", [aID2O -36" (c 1 in THF)}; vrnas. 
(CHCI,) 1835, 1690, 1460, 1390, 1325, 10'30, 900, and 
710 cni-l; 7.38 (5 H, s, ArH), 7.23 (5 H, in, ArH), 5.31 
( 2  H, s, I'hCH,O), 4.57 ( 1  H,  in. N-CH), 3.15 (2 H, in, 

(aryl carbons), 71.6 (PhCH,O), 66.7 (N-CH), and 37.5 
p.p.m. (PhCH,C); m/e 281 (calculated niol. wt. 281) 
(Found: C, 72.6; H, 5.45; N, 5.1. Calc. for C17Hl,N0,: 
C, 72.6; H, 5.4; N, 5.0%). 

Recrystallis- 
ation from ether-light petroleum gave the DL-oxazolone as 
needles of m.p. 52-53" with the same spectroscopic proper- 
ties as the L-form (Found: C, 72.35; H, 5.3; N, 4.7%). 
The 7596 [*5N]-labelled DL-oxazolone was prepared in the 
same manner from 75% [15N]-labelled benzyloxycarbonyl- 
DL-plicnylalanine and obtained as needles of m.p. 52-53' ; 
6 ~ :  as above with the exception of 158.3 (d, J C N  6.1 
Hz, N=C-0) and 66.7 p.p.m. (d, J C N  2.4 Hz, 
N-CH) . 

2-Benzyloxy-4-iso~~o~yl-~~-o~azol-5(4H)-o~e.- Thionyl 
chloride (0.8 nil, 11 niniol) was added to a stirred solution of 
N-bcnzyloxycarE>onyI-1>L-valine (2.51 g, 10 nim01) in ether 
(25 ml) a t  -30". After 5 niin, triethylaniine (5.2 ml, 40 
mmol) was added dropwise over 30 niin with stirring. After 
a further 10 min, the mixture was filtered and evaporated to 
give an oil, which was dissolved in ether (15 ml). The 
ether solution was filtered and evaporated and the residue 
was triturated with liglit petroleum (2 x 35 nil). Evapor- 
ation of the triturate gave the required oxazolone as an  oil 
(1.4 g, 600,/,), v ,,,: lx. (CHCI,) 1 840, 1 685, 1 4G0, 1 390, 1 320, 
1 100, and 910 cm-'; 8LF 7.35 (5 H,  ni, ArH), 5.32 (2 H,  s, 
PhCH,O), 4.12 ( 1  H ,  d ,  J 4.5 Hz, N-CH), 2.13 (1 H, ni, 
CHMe,), and 0.04 (6 H, dd, Me&); Sc; (see Figure), 174.9 
(CO-0), 157.05 (N=C-0), 134.2 (aryl carbon), 128.5- 
128.2 (aryl carbons), 71.2 (PhCH,), 70.5 (N-CH), 30.6 
(CHMe,), and 18.2 and 16.8 (Me&); wz/e 233 (calculated 
mol. wt. 233). The 95% [15N]-labeIled oxazolone, prepared 
from 95% [l5NN]-labelled benzyloxycarbonyl-DL-valine in 
the same manner, was obtained as an oil; F H  (CDCl,) as 
above with the exception of 4.12 (1 H,  dd, J H ~  4.5, J N H  
1.3 Hz, N-CH) ; 6c (see Figure) as above with the exception 

2-Benzylo,~y-4-benzyZ-~-oxa~ol-5 (4H) -one .- 

PhCH,C); 6, 175.2 (O-CW), 158.3 (0 -GN) ,  135.5-127.0 

The DL-oxazolone was prepared similarly. 

Of 157.95 (d, J C N  6.1 Hz, N=C-O), 71.2 (d, J O N  3.7 Hz, 
PhCH,), and 70.5 (d, J C N  2.4 Hz, N-CH). 

Racemisation Ratcs.-2-Methyl-4-benzyl-~-oxazol-5 (4H) - 
one and 2-phenyl-4-benzyl-~-oxazol-5 (4H)-one were pre- 
pared by the general method of Siemion.15 The second- 
order rate constants for racemisation of the oxazolones by 
tertiary aniines in chloroform a t  293 K were determined by 
measuring a t  intervals the optical rotations of solutions in 
chloroform (dried over CaC1,) which were 0 . 0 2 5 ~  with 
respect to  both oxazolone and tertiary amine. Excellent 
and reproducible second-order plots were obtaincd. 

A nzinolysis Rates.-The second-order rate constants for 
ring-opening of the oxazolones by anilines in chloroform a t  
310.5 I< were determined by measuring the rate of decrease 
of the integral of a suitable lH n.m.r. signal of the oxazolone 
for a 0 . 1 7 ~  solution of the oxazolone in deuteriochloroforni 
containing one equivalent of the 4-substituted aniline. For 
the 2-benzyloxy- and 2-phenyl-oxazolones the anilide (the 
anilide products were subsequently isolated and charac- 
terised) was the only product observed; in the case of the 
2-methyloxazolone a second product which decomposed on 
attempted isolation was observed. Allowance was made 
for this in the calculation of the rate constant for anilide 
formation. 

A cylamiizoacyZani1ides.-The following anilides were iso- 
lated from the reaction mixtures obtained from aminolysis 
rate investigations. All had spectroscopic properties in 
accord with the structures stated. Benzoyl-DL-phenyla- 
lanine 4-brornoanilide had n1.p. 265" (Found: C, 62.5; H, 
4.7; Br, 18.8; N, 6.6. C,,H,,BrN,O, requires C, 62.4; H, 
4.5; Br, 18.9; N, 6.6y0), acetyl-DL-phenylalanine 4-brOmO- 
anilide, m.p. 260" (Found: C, 56.9; H, 4.9; Br, 21.6; N, 
7.8. C,,H,,BrN,O, requires C, 56.5; H, 4.7; Rr, 22.1; N, 
7. 75y0), benzyloxycarbonyl- DL-phenylalanine 4-bronzoanilide 
m.p. 175-176" (Found: C, 60.7; H, 4.7; Br, 17.3; N, 6.3. 
C,,Hz1BrN,O, requires C, 60.9; H, 4.7; Br, 17.6; N, 6,1y0), 
ncetyl-oL-plzenylalanine 4-nitroanilide, m.p. 264-267" 
(Found: C, 62.4; H, 5.4; N, 12.7. C17Hl,N,0, requires C, 
62.4; H, 5.2; N, 12.8%), and benzyloxycarbonyl-DL-~~~enyZ- 
alanine 4-nitroanilide, m.p. 210-21 1" (Found: C, 65.8; I-€, 
5.1; N, 9.8. C,,H,,N,O, requires C, 65.9; H,  5.05; N, 
lO.Oy!J. 

We are grateful t o  Professor I?. I<. Whatley of the Botany 
School, Oxford, for providing [15N]-~~-valine,  to  Professor 
1;. G. Bordwell of the Chemistry Department, Northwestern 
University, for the pK measurements, and to the S.R.C. for 
a maintenance grant (held by M. J. W.). 
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