
l’ctrahedran, 1965. Vol. 21, pp. 3209 w 3218. Pcrgamon Press Ltd. Printed in Northern lrcland 

PEPTIDES-XIX” 

THE ISOMERIZATION OF SOME OXAZOLONES DERIVED 

FROM TRIPEPTIDES 

I). s. JONES, G. W. KENNER, J. PRESTON and R. C. SHEPPARD 
The Roben Robinson Labcmtoties, University of Liverpml 

(Remixed 2 hte 1965) 

Abstract-The oxazofone (I) of a;-methyialanyf-a-methylalanyl-a-methylalanine isomer&s in ethyl 
acetate solution at room temperature to an amidine (Iv), which cyclizes with great ease to the imidaz- 
oIione (V). Conch&e evidence for the amidine structure (IV), in preference to a previously suggested 
cyclol structure (III), is provided by W-IabeUing, 

IN PART XVII of this series we described’ the preparation of the tripeptide oxazolone 
(I) by hydrogenolysis of its benzyloxycarbonyl derivative (I, R = C&I,CH,=C342O). 
Like the analogous oxaz4ones derived from the di-, tetra-, penta-, and hexa-cc- 
methylalanine peptides,l the tripeptide oxazolone proved to be a very reactive com- 
pound and polymerized rapidly in the solid state. l In contrast to the other members 
of this series, however, solutions of the tripeptide oxazolone deposited not polymer 
but a crystalline, monomeric condensation product (A) in high yield? After removal 
of traces of polymer by recrystallization, A did not melt below 300”, but gradually 
yielded, by loss of one mole of water, a sublimate (B) m,p. 255’. Dehydration of A 
could also be effected under much milder conditions, e.g. by the action of acetic 
anhydride at room temperature, and even prolonged storage of A led to complete 
decomposition into B. 

II lx P 

(R=HandR’= Me unless stated otherwise in the text) 

A @&, four possible structures could be considered for the; isomerization 
product A: 

(i) 7X~e CJ&C @~e’pride (II). This would result from the normal intramolecular 
reaction between the terminal amino group and the oxazolone carbonyl, and molex3ular 
models indicate that the two reacting groups could easily come within bonding 

* Part XVIII, J. C&em. Sm. in prss. 
l D. S, Jcmes, G. W. Kenm, J. Pmston and R. C. Sheppard, J. C&m. Sm. in press. 
* For psliminary acmunts of part of this wiork see 8 D. S. fm, G. W. Kenner, and R. C. Sheppard, 

&J&?cnria 19,126 (1963); b D. S. Jones, CL W. Kenmr, J, Pmtm and R. C. Sheppard, from. 6th 
Peptide sj?~sium, Atht%lS, 1963, van 

3209 

Oxford, in pm% -- 



3210 I). S. JONES, G. W. KENNER, 3. PRESTCIN and R. C. SHEPPARD 

distance without strain. Cyclic tripeptide structures for condensation products of 
activated tripeptide derivatives have been proposed many times in the past,3 but in 
several cases, re-examination has led to the substitution of cyclic hexapeptide struc- 
tures.* Apart from the question of the existence of the rather strained cyclic tripeptide 
system in general, there can be no doubt that such a structure composed exclusively 
of a-methylalanyl residues would be sterically impossible if the planarity of the amide 
groups were retained. Molecular models of cyclic tripeptides with planar cis amide 
groups show that each of the three z-carbon atoms has one substituent directed 
towards the centre of the ring, and serious non-bonding interactions occur if any one 
of these substituents is other than a hydrogen atom. One consequence of this is 
that a cyclic tripeptide structure is possible only if composed of residues of glycine or 
optically active a-amino-acids of one configuration. 5 For aa-dialkyl amino-acids, the 
cyclic tripeptide structure is extremely improbable since three alkyl groups would then 
be crowded in the centre of the macrocycle. 

(ii) SfStle anirrcrgolrs cycic hexapt?plide. As mentioned above, many examples are 
known of the dimerization of activated tripeptide derivatives leading to cyclic 
hexapeptides. g However, a dimeric structure for the isomerization product may be 
eliminated on several grounds, e.g., (a) the mol. wt of the dehydration product, 
B, was determined mass spectrometrically to be 237, establishing its monomeric nature 
and almost certainly that of its precursor, A. (b) Only polymer could be obtained when 
the oxazolone derived from the analogous hexapeptidt was reacted under the conditions 
which led to a high yield of isomerization product from the tripeptide oxazolone (I). 

(iii) The cyclcll tr&pide (III). Initiallye” we considered this possibility very 
favourably, both because a plausible reaction scheme for its formation was evident, 
and also because it provided a ready explanation of the very faciIe dehydration. 
Molecular models of the tripcptide oxGolone (I) show clearly that intramolecular 
attack of the amino group on the oxazolone carbonyl results also in close juxtaposition 
of the peptide carbonyl group and the ring nitrogen atom. The concerted electronic 
shifts shown in Ia (p. 3212) therefore seemed feasible, and for reasons already given, 
this mechanism is perferable to one involving transannular reaction of a preformed 
cyclic tripeptide. No sterie congestion is evident in models of III. On the basis of 
this structure for the tripeptide oxazolone isomerization product, its ready dehydration 
(to the imidazolone, V) is understandable, and close analogy is available for this 
latter reactiOn? 

(iv) The dipolar amidhe structure (IV). Although the carbonyl group of an oxazo- 
lone ring is almost invariably the point of nucleophilic attack by amines, we have 

* R. A, Boissonnas and I, Schumann, Ii&. Clirim. Aciu 35,2229 (1952); M. Winitz and J. S. Fruton, 
J. Amer, C%em. $0~. 75,3041 (1953); H. bockmann, H. Tummes and F.-A. von Metzsch, Nate 
wit. 41, 37 (1954); J. C. Sheehan and W. L. Richardson, J. Amer. CY&m. Sex. 76, 6329 (I 954); 
P. W. 6, Smith, 3. CI~enr. Spc. 3985 (1957). 

* C. H. Bunford and F. ‘J. Weymouth, J. Amer. Cliplm. SOC. 77, 6368 (1955); J. C. Sheehan, M. 
Gocdman and W. L. Ridardwn, Ibid, 77, 6331 (1955); H. Brockmann and M. Springorum, 
NutuTwiss. 49,514 (1962). 

S G, W. Kmmx and J. M. Turner, CPEenr. di f’, 602 (19S5); G. W. Kenner, J. C&w?. SOC. 3692 
(1956). 

u See also R, Schwyzer, J. P. Carribn, Lt. G~rup, H, Nolting and A. Tun-Kyi, H&I. C&r. AC@ 47, 
441 (1964) and previous papers for further t?xamples and discussion of this reaction. 

7 V. K+ Antoflw, Ts. E. Agadzhaqn, T. R. T&smina and M. M. Shemyakin, 7&r&e&w Letters 
730 (1964); M. Rothe, Aqpw. Ckm. 74, 725 (1962). 
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recently encountered examples where steric factors direct the reaction to the rn~~jne 
carbon. atom, A particularly pertinent example is the reaction between 4,4=dimethyl- 
olxa.z~Ione (VI) and rx-methylalanine methyl ester, leading to the amidine derivative 
(VEI)8 : 

AH>c=y 
+ 

McO$ l GMsa * 
d 

e MeO&* CM&,. MH-CH=-NN. CMdz * c=az” 

ox8Ma2 

A similar (~ntrarnQ~~~~ar) reaction of the: tripeptide oxazolone (Ib) lieads to structure 
IV for its lsomerization product, A. This structure! also accounts very easily for the 
facile dehydration, visualized now as a cyclization reaction leading to the same 
bicyclic ~rn~d~~~~n~ (v). Excellent an&# is availably for this ~y~~~a~~~~88~ egg, 
ring closure; of VII to a mixture of VIRl and IX.” 

Thus, two structures (III and TV) deserve serious consideration, although previously 
we had assigned structure 1111 to A .% If substantiated, 111 would be the first example 
of a cyciol tripeptide, although the possible existence of cycIof, forms of peptides has 
been discussed at length for many years ‘lo Many examples are known of analogous 
compounds containing one hydroxy acid residue,Lx e.g* (X, R = H), and this system is 
present in the natu~l~y occurring er&ot alkaloids, e.g. ~r~~~rnin~ (X9 R = tyserg$- 
amino)? It seem& possible that previous attempts to prepare cyclol peptides had 
been frustrated Wer a&z by an inherent instability, typified by dehydration of IIT to V, 
which would not be shown by oxygen anmfogues such as X. The possible fu~ulatiun of 
the tripeptide oxazolone isomerization product as a cyclol derivative therefore assumed 
some importance, and we have examined the chemistry af its formation in same de- 
tail in order to distinguish decisively between the two pussible structures III and IV. 

There can be little doubt that the d~hyd~ti~n prod~a, B, is correctly f~~rnu~at~ as 
the bicyclie imidazolsne derivative (V) and indeed it is dif&uIt to visualize mech~nisti- 
c&y mptable alternatives corresponding to the: molecular formula. The IR spectrum 
strongly supports this strutters with Y mgx 1730 (unsaturated r_lactam of imidazo- 
tone ring9 c,f. VW with tirur 
3,6-dioxopi;perazine with pnrax 

1724 cm-“), 1670 (8 lactam, cf. 2,2,5,5-tetramethyf 
1670 cm-l), and 31640 cm? (C&N af imidazolone). 

gl M. T. Lepawr, D- S. Jcmeq G. W. Kemer and R. C Shqpd, l%mak&wa ItI, (196;0), 
@ 5. Petefsen and E. ‘fieti, U&&S RUB. a, 1W flQ59)* 

1o I3, Wrinch, G%mkul Aspects of r/b Strucrcrte of’ Smafl PeptrCaes. 
and Ref’s there cited. 

Munksgaard, OPl>enhagcn (196Q) 

a E-g. H. Ott, A. J. Fmy and Aa Hofmam, ?&mk~rn~ a!$ 1575 (1963); M M, Z%emyakin, 
V. K. A~t~~~~~ A. M. Shkrob, Ye N. Sbinkr?r and L R ~n~~i~~~ ~~~~~~~~ Lams 7Of(l952). 

I8 A. Hafmanrz, H. CM, R. Griot, P. A. Stadk and A, 3, F;iey, He/& Chz. ACM 46,2306 (1963). 
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The NMR spectrum shows that as expected, all six methyl groups are intact. I3 
cannot be titrated, but it shows very weakly basic properties. It is soluble in strong 
hydrochloric acid (but not in water), and evaporation yields a rather unstable hydro- 
chloride which readily reverts to the free base. This behaviour paraIlels that of other 
related imidazolones, e.g. VIII. 

Investigation of A (i.e. III or IV) was hampered by its ready dehydration to V 
(see below). However, we realised that a conclusive distinction between structures III 
and IV might be possible by using the observation that the N- and C-terminal residues 
(* and n in the scheme below) of the tripeptide oxazolone (I) appear in relatively 
different positions in the imidazolone (Va or b) depending on whether the reaction 
passes through the intermediate cyclol III (route a), or amidine IV (route b). Thus a 
suitable labelling experiment followed by degradation of the final imidazolone 
(possibly by hydrolysis to oc-methylalanine and tetramethyldioxopiperazine) should 
enable a decision to be reached. A corollary of the indicated labelling pattern is 
that a terminally N-methylated tripeptide oxazolone (I, R = Me) should yield an 
N-methylimidazolone (Va, R = Me) if the reaction followed path (a), but should 
yield a stable amidine derivative (IV, R = Me) incapable of conversion into a simple 
imidazolone if it followed path (b)_ In the event, this last experiment was unsuccessful, 
because although the oxazolone derived from benzyloxycarbonyl-or,N-dimethyl- 
alanyl-agmethylalanyl-~-methyl~anine was prepared without difficulty, hydrogenoly- 
sis yielded a free methylamino oxazolone (I, R = Me) which proved to be quite 
inert to further reaction. However, experiments in which the C-terminal residue was 
labelled either with an additional methyl group (i.e, replacement of the terminal 
a-methylalanine by a-ethylalanine), or with radiocarbon were successful. 

IO Pa 

R’ 

Ib 

% 
cbNH 

HNsCu 4 
XL 

CR = H and R’ = Me unless stated otherwise in the text) 
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The imidazolone (v) proved to be a r~~a~k~~l~ stable compound and its hydrolysis 
could not be achieved, even by prolonged heating with mineral acids or alkalies. 
However it was found possible to eff&% a reductive cleavage of A i&If under very 
mild conditions which did nut effect its transformation into the imidazolone (V). 
Reduction of the i$omer~zat~o~ product A with a large excess of sodium borohydride 
in aqueous solution yielded free rx-methylalanine and the oxopiperwine (XQ1 In 
itself, this reaction supported the amidine structute (IV) but reductive cleavage of the 
cy&l system was conceivable. It was clear that in any case the oxopipewtine (XI) 
resulted from the existing six membered ring in I[131 or TV, and that the free ~-methyl- 
alanine was therefore derived from the central or C-terminal u-methylalanyl residue 
af the original tripeptide oxazolone (I)? depending on whether its isomesization 
pro&et A had structure III or IV. 

Benzy~oxycarbonyI-a-methyla~anyl-~-methy~a~any~~~~~~-~~~y~alanin~ t-butyl ester 
was prepared by the oxazolone method,lg8 and converted into the free acid by cleavage 
with tri~uoroa~ti~ acid. ~ehyd~t~on with acetic anhydride yielded the oxazolsne 
(It R = C6H5CH,XKXI, R’ = Et) which was hy~rogenolys~ and the free amine (I, 
R’ = Et) affowed to stand in ethyl acetate solution for several days, A crystalline 
isomerization product separated with I R spectrum almost identical with that of the tri- 
~-methylaIani~e analogue, A, Like the latter, it sublime with loss of water, yielding an 
imidazolone (Va or Vb, R’ = Et), again with IR spectrum almost identical with that 
of 3, Reduction of the isomerization product (IIT or IV, R’ = Et) with sodium boro- 
hydride yielded the tetramethytoxopiperazine (XI) and fre ~~thyla~an~ne* Mu trace 
of a-methylalanine could be detected by paper chromatography. Thus, in this series, 
there is no doubt that the isomerization product has the amidine structure (IV, R’ = 
Et)* and strong presumptive evidence is provided that the analogue A likewise has the 
amid& structure (IV). This point was finally es~b~ish~ by a W la~lling ex~ri~ent. 

The C-terminally labelled tripeptide oxazolane (I) was prepared by way of the 
benzyfoxycarbonyl-dipeptide and 14C-enriched a-methylalanine t-butyl ester, This 
labelled oxazo~one was allowed to isomerize in ethyl acetate solution, and the product 
reduced with sodium borohydride. The isolated oxopiperazine (Xl) had 4% of the 
mean radioactivity of the tripeptide derivative and this dropped to 2 % after purification 
by one sublimation, The ~~rnethy~a~anjne was isolated as its benzyloxy~arbonyl 
derivative, and had 98% of the activity of the ben~~oxy~rbony~~~-methyla~an~ne 
from which the original t-butyl ester was prepared. Clearly it is the C-terminat 
residue of l which is liberated by reduction of A with borohydridt, and A therefore 
has stru~tu~ IV* The cyclof structure (III), previously advance must be unecyuivo- 
ally withdrawn.** 

Before these decisive results were obtained, attempts were made to solve the struc- 
tural problem by more conventional means, but a method of converting A into a 
more stabfe derivative was not found. For example, treatment of A with ac&c an- 
hydride, benzyl chloroformate, p-bromophenacyl chloride, or even acetic acid, ied 
smoothly to V, A reaction characteristic of cycfal derivatives such as X is the facile 
methylation of the acidic hydroxyl group. 1X Treatment of A with a large excess of 
methyl iodide and silver oxide yielded an unstable monomethyl Sllerivative, but this 
could not be obtained completely pure as it was transformed into V at room tempera- 
ture* However the TR and NMR spectra of the crude methyla~ product suggested 
its formulation as a methyl&&~S favouring the amid& structure (W) for A. Treatment 
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of A with d~~~rnet~~~~ led directly to V. This ~~a~i~u~ parallels that of the 
amid& (VIr), which under similar conditions yielded VIII,8 

An attempt to distinguish between the dipoIar amidina: (IV) and cyclol (III) 
structures by titration ~~~rj~~~ts was inconclusive, as the disx&tion constants of 
A (PK, s 3 and > 10) fell outside the easily ac=sible range. HQweirer the model 
;xmidines (XII and XIIQ3 behaved similarly, and the cyclol (X) has been reported to 
hr&we pK, SM?, Aqueous solutions of A showed a small pcrsitive dielectric increment 
efIkP (d~~~~tr~~ ~~~r~rn~nt 105, based on an assumed value for ~ly~in~ of 22-6) 
again favorrring the amidine structure. 

IXPERXMENTAL 

All evaporations m under reduced pressure. 

Prepprrrrion cuzd isclmepizairbn uf 2( 1 ‘-a-nrP~~ “-nreC~~y~~~~~rA,A-“;““tlj~~~x~~~~~~ (I) 

rtlre ~~ (Iv). Hlrdrogen wets posed trough a solution of 2-(I ~-~~lox~~nyl-~~rn~yl- 
alany~in~l’,~~yl~thyl~,~imethylo~~olone (0389 g, 1 mmole) in dry ethyl acetate (200 ml) 
containing 5 % Pd-C catalyst (@2 g) until evolution of CD, ceased (1) hr). Afk filtration of the 
catalyst, the ethyl ac&ate solution of I was concentrated? to IO ml and set aside at room temp. After 
3 days tie ~~lj~e ptipitate ~~*~l g, 79 x) was colkted. Far azmlpis the amidhe was mmyst& 
final twka from EtUH-ether yielding short prisms, no m.p Wow 300”. ~~~~ 1165, t 200,1247,1337, 
1378, 1470, 1585, 1632 and 1685 cnrr”‘, (Found : C, 5665; H, 8-4; N, l&2. CzIHt,OINII requires: 
C, 56*45 ; E-I, 893 ; N, 16-5 %-) Recrystallization frum aqueous MaOH yielded a solval: {nieedles), 
paax ll6U, 1180,1200, I230, I%@, 1345, 1360, 1385, 1450, lrlloo and 16X’kn+, (Fuund: C, 5~2; 
H, 8-5; N, I3*75. C~~H~~~~N~~CH~UH-H*U requires: C, 31*1; H, 8*8, N, 13-8 x) which mverted tcl 
the anhydrous form after prolonged drying i?~ VQCWO. 

T&z &ye&~ ~~~u~u~ (V). [a) The amidine IV (OXU g+ @I96 mmole) was heated at f7&-2&e 
and 092 mm press. Th@ pure ~inkkzz~k~ne (@042 g, 95%) sublimed, m.p. 255” (sealed tub), w-a= 
113S,1175,120$, 12313,1305,f360,1380,1395,164& 1670and 1730cm-% (Found: C,608; H,7*85; 
El, IX CfdHfOUgNs mquires: 6, 6@?; H, 8*1; N, 17=36/,J 

(b] A sol&ion of IY (@IO3 @ in anhydrous acetic acXrS, (10 ml) was set aside at room temp fur 
3 days. Evaporation of the solvent at room wmp yielded a crystalline: residue of the imidamtone 
(@092 g, 96%) identified by IR spectrum. In a separate experiment, wplacement of the acetic acid by 
acetic anhydride yielded the pure imidazolone after 16 hr at room temp. 

(a) An ethereal solution (20 ml) of excess diazomethane was added to the amidine (0~101 @ 
dissolved in dioxan (10 ml). After 3 days at room tenrp the solution was evaporated yielding V 
@*09 g) mp* 250” @eal@d tub@, 

(b) Silver oxide (0075 9> was added to a susptmion of the amidhe (0*167 g) in redistilled Me1 

t The crystalline oxazolone {I) m,p, 82-85”, czn be obtained by evaporation,’ but rapidly pdym- 
e&es on storage. 

It P. M. Hardy, G, W. Kenner and R, Cs, Sheppard, ?imahe&un I$95 (1963). 
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(20 ml). The mixture was shaken for 3 hr and then set aside overnight. Next morning the f&red 
solution was evaporated and the residue (DO75 8) recrystallized from ethyl aceta+light petroleum 
(Q,,*~ 1160,1195,1230,1280,1460,1525,1660,1720,3220 and -cm-Q. (Found: C, 589; H, 8-7; 
N, W8. C&IS&N1 requks: C, 58-G; H, 895; N, W6%.) The NMR spectrum (in C13Clt 
solution) slowly &an@ on standing, and after 2 weeks was identical with that of V. Evaporation 
of this solution yielded the pure V (IR spectrum). 

Sodium borohydride (0102 @ was added in several portions to a solution of IV (0105 g) in water 
(5 ml), and the mixture then set aside overnight at room tetnp, Next morning the solution was 
acidifkd to pH 2 and washed with ethyl acetate. The aqueous solution was adjusted to pH 9 and 
-tracted with ethyl acetate. Evaporation of the dried (MgSC?J extract yielded a crystalline 
residue (@0137 g) of 2,2,5,5-tclrantet~y~-3-oxopiperaztire. For analpis a sample ~8s sublimed at 
100” and 01, mm. (Found: C, 61=4; H, 10-5, CBHlbONr require-$: C, 619; H, 10*3%.) The IR 
spectrum was identical with that of material pmpared* by hydrogenolysis of 2-(I’-benzyIoxycarbonyt- 
aminoll’-methyl)ethyl+dimethyloxazolone. The aqueous solution was shown to contain a-methyl- 
alanine as the only ninhydrin-positive product by paper chromatography in the solvent system 
butan+ol(4), acetic acid (I), water (5) (R, = 0~36). 

This compound was prepared by the methti of Leplawy et UP except that the heating at 100” 
was extended from 5 min to 1 hr. Recrystallization from aqueous MeOH gave the N-methyl deriv- 
ative (78x, m.p. 143-14Y) (lit? 50x, m.p. 142*5-145”). (Found: C, 53.2; H, 6*3; N, 5*2. Calc. 
for CllHllOINS: C, 53ml; H, 6-3; N, 5*2%.) 

Tosyl-a-Ndimethylalanyl chloride wa% prepared by the method of Leplawy crt al? except that the 
heating at 45’ was extended from 10 to 40 min. The exude acid chloride (100x, m-p. 75-W) (lit.’ 
63 %, m.p, 79-W’) (3901 g, 10 mmoles) was added in 3 portions to an i-lb solution of ar*methyf= 
alanine methyl ester (2-53 g, 21 mmoles) in dry aatone (20 ml). After 2 days at room temp the 
solution was Wered and evaporated and the neutral fraction isolated in the usual marmer, Recrys- 
tallization from bemne-light ptroleum (chati) yielded the drpeptide &&tztiue (3*2 g, 87%) m.p. 
102-103Y (Found: C, 5513; H, 7~0; N, 7*6. Cf9HP,&NIS requires: C, 55G; H, 7*1; N, 7*6x,) 

A mixture of the foregoing methyl ester (0*5X g$ l-5 mmoles) and 2 N NaOH (I*5 ml) was shaken 
at room temp until a clear solution was obtained (5 hr). The solution was diluted with water (3 ml) 
and acidified with HCl aq. The precipitated dipeptide derivative @S28 g, 99 %) m.p. 210-214” was 
collected axtd recry!~&ilkd from aqwus MeOH, m.p. 210=5-21X (Found: C, 53-9; H, 6*7; 
N, 7*7. Calc. for CI,H,,O,N,S: C, 53.9; H, 6=8; N, 7~9 %.) Leplawy et 01.” gave m-p. 21@5-212” 
for material prepared by reaction between tosyl-at,Nadimthylalanyl chloride and +methylalanine 
(yield 8%). 

The general method* for the preparation of oxazolones applied to togyl-ar,Nldimethyla~yl-uo 
methyialanine (@339 g) yielded the uxaz&oae (@320 g, 100%) m-p. 127-128” (sealed tube). (Found: 
C, 574 ; H, 6-d; N, 8-2, CI~H&,NoS requires: C, 56=8: H, 655; N, 8*3 %.) 

A solution of the foregoing oxazdone (09311 8) and wnethylaltine methyl ester (@416 8) in 
tiydrclus aoetonitrile (10 nil) was heated under rdlux for 21 hr. Evaporation, My at O-1 mm 
yielded the td)wpti& dGriwtt&e (@415 g, 99 o// m,p. 132-l 33”, unchanged on recrystallization frcrnn 
benzene-light petroleum. (Found: C, 55=65; H, 7~3 ; N, 9-O. C,,H,,O,N,S requires: C, 5584; 
H, 7~3; N, 9#2%.) 

16 
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A mixture of t#yi-a,Nldi~~ylalanyl-a-~~y~~yl-~-~~ylal~ne methyl ester (O&267 g) 
and 2 N NaOH (1 ml) was shaken at room temp until all the solid had dissolved (7 hr). The solution 
was dihted with water and acidified with HCl aq, and the precipitated tr@epi& derivatbe (CM59 g, 
IO@/@ m.p. 181-185’ recrystallized from aqueous MeWI, mp. 183=5-185”. (Found: C, 54*4; 
H, 6=8; N, 9*3. c;,H,,O,N,S requires: 6, 54*4; w 7-l ; N, 9*5x.) 

Sudium was added to a solution of the foregoing to@ derivative (Se31 g) in liquid ammonia 
(250 ml) until a blue colour permanent for 3 min was obtained. The blue &our was discharged by 
the addition of ammonium acetate, and the solution allowed to evaporate. The residue was dissolved 
in a mixture of water (20 ml) and acetone (15 ml) and the solution adjusted to pH 109. Benzyl 
chlomformate (10 9) dissolved in acetone (25 ml) was added during 45 mia to this stirred solution, 
the pH being maintained at 10-9-l 1 by concurrent addition of 1 N NaOH. After stirring for a further 
3 hr the solution was concentrated and the acidic fraction isolated in the usual manner. The &~J&xx~ 
corbonyt de&at&e (2m85 g, 90 ‘%) had m,p. 178-179” after recrystallization from aqueous MeOH. 
~Found: C, 5998; H, 7*6; N, l@O. &H&,NI requires: C, 59=8; H, 7-4; N, Xl+%.) 

The general method for the preparation of oxazolones* applied to the foregoing tripeptide deriva- 
tive yielded the OXUZU~M (100%) m.p. 122~12A”, (Found: C, 62=7; H, 7-3; N, W5. C,zH,sOINI 
rquirw : C, 625 ; H, 7-25; N, lo=4 x.1 

2-(1 

Hydroen was passed over the surf’am of a stizzzd sktion of the forq@ng benzykqwarbonyl 
derivative (O-79 8) in anhydrous ethyl acetate (2xX) nrrI) containing 5 % Pd-C catalyst (0=9 9) until CO, 
solution ceased (3 hr)* The solution was conmtrated to 25 ml after filtration, and set aside for 3 
days. No precipitation cxxurred. A sample (5 ml) was wapomted. The midual oil had vmU 907, 
972,1050,1210,1365,13&0,1474 1510,169Q 1830 and 3400 cm-X, almost identical to the IR spectrum 
Of 2-(1’~~~~ylatMyl~no-l’-me~yl)ethyf-4,dd~ylox~lone. 

No chanp in the IR spectrum ~8s observed when a solution of the oxazolone in either ethyl 
acetate or toluene was heated under reflux during 21 hr. 

A solution of bwqloxycaFbonyl=w-cwthylaknine (14-5 g) and cent. H,SO, (O-6 ml) in CHLCll 
(150 ml} was saturated with isobutene and then set aside for 3 days at room temp. The solution was 
washed with 5 % Na,CQ aq (SO ml) and water, dried (MgSO& and evaporated. Crystallization of the 
r&dual oil from light petroleum yielded the t-&y/ ester (14*2 g, 80%) m.p. 56-58% (Found: C, 
66~6; H, 8*2; N, 4*5. C,H&,N requires: C, 66*4; II, 82; N, 4*6x.) 

Hydroen was passed over the surface of a stirred solution of the foregoing benzyloxycarbonyl 
derivative (WI gl in MeOH (500 ml) containing 5 % Pd-C catalyst (WI 9, untiti Cot evolution 
ceased (12 hr). The solution was filtered and distilled yielding m-rx-ethykzkwfne t-butyl ester (6=11 g, 
77%) b-p. 6&70” at 15 mm. The picrate had m.p. 142-143O. (Found: C, 45-l ; H, 5*5; ET, 14-O. 
C,,H,,O,N, tequires: C, 4408 ; H, 5.5; N, 13-9x.) 

A solution of 2-(1 ‘~bsnzyloxycarbonylamino-1 ‘-~~yl)ethyl4,d~yloxazoilo~ (1%4 g, 
6 mrnoles) and DL-wthylalanine t-butyl ester (l-407 g, 8 mmoles) in ace&n&rile (60 ml) was beated 
under r&k for 10 hr. The acetonitrile was replaced by dioxan (25 xnl) and the solution heati under 
reflux for a further 20 hr. Isolation of the neutral fraction in the usual manner and rwrystallization 
from ethyt -We-light petroleum yielded the ~r@qMk derrirtrfive (2=199 g, 75 @A m.p. 106-l OS@. 
Found: C, 62*95; H, 8-2; N, 88. C,,H&,N, requires : C, 62-g; H, 8-2; N, 8.8 %.) 
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The radioactive amidine (Q210 9) dissolved in water (10 ml) was reduced with NaB& (0+204 g) 
as previously described for the inactive compound. The aqueous solution at pH 10 was extracted 
with ethyl acetate and the extract dried (MgSO,) and evaporated. The residual 2,2,S,S=tetramethyC3- 
oxopipcrazine (090216 g, 17 %), identified by its IR spectrum had 0.013 &mm&. This material 
(GO149 8) was subtim& at 1OV’ and 0-I mm, yielding OG132 g, 007 ~/mm&. (Found: M, 156 
(mass spectrometry). C,HI,ON, requires: M, 1%). The aqueous solution contained a-methylalanine 
@per chromatography}, which was isolated as its benqkxycarbonyl derivative.* After recrystaf- 
lization from ethyl acetate-light petroleum, there was obtained @I225 g (63 %) O-321 clcfmmole, 
m-p. 74*5-77’ (lit? 72-74Y). 


