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W-Union of a-methylalanyl residues in a pcptidc chain is xvcrely stcrically hindered. This 
hindrance can be overcome by employing either the mixed anhydride (1) of pivalic acid and bcnzyl- 
oxycarbonyl-.x-mcthylalanine or, more generally, oxazoloncs (II), including 4,4-dimethyl-2-trifluoro- 
methyloxazolone (II; R 7 CF.). 4+Dimcthyloxazolonc (II; R - H) has been obtained in solution 
and characterized by its infra-red spectrum; it is attacked by I-rnethylalaninc methyl ester at the 
methim group. in contrast IO the normal reaction with cyclohcxylamine at the carbonyl group. 

INCORPORATION of x-mcthylalanine (a-aminoisobutyric acid) in synthetic peptides has 
received little attention bccausc this amino acid has not been generally regarded as a 
constituent of proteins, although this possibility was mooted when 5,5-dimethylhy- 
dantoin was reported as a pyrolytic fragment of common proteins.’ Our discovery of 
a-mcthylalanine as a component of an antibiotic* prompted us to cxaminc the problem 
with the eventual aim of synthesizing both cyclic oligopeptidcs and open-chain 
peptidcs, built entirely or partly from z-amino acids lacking a hydrogen atom at the 
a-position. Not unexpectedly, WC encountered difficulties arising from stcric 
hindrance,: but on the other hand the problem of preserving optical activity was 
absent and practical methods for the synthesis of open-chain oligopeptides of this 
class can now be described. 

hbdcrhalden ef uI.‘.~ prepared peptidcs of r-mcthylalanine by Fischer’s method, 
but comparison with the material prepared by us from the benzyloxycarbonyl 
derivative shows that even the simple dipcptidc, r-mcthylalanyl-z-methyl-alanine, 
was impure. Bergmann el 01.~ synthcsited dipeptidcs of glycinc or alanine and 
a-methylalaninc by the carbobcnzoxy(benzyloxycarbonyl) method. Although they 
prcparcd the bcnzyloxycarbonyl dcrivativc of a-mcthylalanine via the ethyl ester, 
it is available directly, in excellent yield, from the amino acid (see Experimental)$ 
and it crystallizes well. On the other hand the acid chloride, which they used, without 

l Port X: J. C’hrm. SW. 968 (1960). 
t Pohrcchrnka. I.odr. Poland. 
+ The cnrraordmary slowness’ of the “poIymcrization” 

a n&wonhy cxamplc of rhrs efTccc. 
of N-carboxy-z-mcrhylalaninc anhydridc is 

$ Yields from some other ncylalions of n-mcrhylalanine have been reported’ to bc low or ncgligrblc. 
presumably as a rcsulr of swric hindrance. 

r T. Yabura. %. Sairo. K. Takeda and K. Tamari. Chrm. Zmfr. 1, 221 (1940). 
s G. W. Kenncr and R. C. Sheppard. h’arwr. f~mf. 181.48 (lYS8). 
s II. Wcmgartcn. /. Amer. Chmt. Sot. %o. 352 (1958). 
a0 I:. Abdcrhaldcn and P. Gcbclcin. %. phyyrlol. Chcm. 152. I25 (1926); b E. AbdcrhaJdcn and E. Rouncr. 

Ibid. 163. I49 (1~27). 
’ E. Abdcrhaldcn and W. Z&set, Fermmrforwhung 13, 310 (1932). 
’ %I. Rcrgmann. L. Zcrvas, J. S. Fruton. F. Schncrdcr and H. Schleich. /. EM. Chem. 109. 32s (1935). 
‘e.g. W. ii. tfanby. S. (3. Walcy and J. Watson, 1. Chum. Sot. 3009 (1950); A. Kjacr, Acre Cbm. &and. 

6, 327 (1~52). 
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isolation, for rsaction with glycinc bcnryl ester to obtain small amounts of the 
dipcptidc, has eluded us; even under very mild conditions the K-carboxyanhydridc 
is formed by elimination of bcnzyl chloride. The similar cyclization of benryloxy- 
carbonylalaninc occurs more easily than with the glycinc derivative,” and cvidcntly a 
second z-methyl group facilitates it still more. 

A scrviccablc route to dipcptide dcrivativcs in this series is through the chlorides 

of the tosylamino acids. Thus a 71 per cent yield was obtained from the coupling, 
in aqueous acetone buffered with magnesium oxide, of glycinc with tosyl-z-methyl- 
alanyl chloride, and this was superior to the coupling of the acid with glycinc ester 
by the carbodi-imidc or mixed anhydridc procedures. In contrast. the aqueous 
coupling of tosylglycyl chloride with I-mcthylalaninc failed, but the methyl cstcr of 
the tosyldipcptide was prepared in 71 per cent yield from the chloride and the amino 
acid cstcr under anhydrous conditions. ‘The diffcrancc bctwccn these two aqueous 
couplings recalls the kinetic data on the formation of amides from cstcrs; the reaction 
of methyl trimcthylacctatc with ammonia is approximately I00 times slower than that 
of methyl propionatc,g while the reaction brtwccn methyl acetate and t-butylamine 
is immeasurably slow. lo As a gcncral rule stcric hindrance of the usual peptidc- 
forming reactions at the amino group can bc expcctcd to be more severe than hind- 
rance of reactions at the carbonyl group in derivatives of z-mcthylalaninc. The 
aqueous coupling of tosyl-I-mcthylalanyl chloride with z-methylalaninc also failed; 
in this instance toluene-p-sulphonamide was a major product. Evidently the coupling 
was so slow that it was supplanted by alkaline degradation (Reaction I) of the acid 

chloride.ll 

Tos.NH.CMe,CO.C I . OH ~Tos~NH, . Me&O ( CO . CI- 

Even when this reaction was prcventcd by N-methylation, the yield of N-methylated 
dipcptidc derivative was very poor and the main reaction was hydrolysis. However. 
the methyl ester of tosyl-x-mcthylalanyl-z-methylalaninc was obtained satisfactorily 
by coupling the acid chloride with the amino acid ester in dry acctonc. 

Most of the other conventional methods of pcptidc synthesis are of ncgligiblc 
value for the joining of r-mcthylalanyl residues. For example, dicyclohexyl carbodi- 
imidc failed to condense formyl-I-mcthylalanine with r-mcthylalanine methyl cstcr. 
Likewisr. there was negligible diminution in the infra-red absorption of the isocyanatc 
derived from this ester when it was hratcd with bcnzyloxycarbonyl-x-mcthylalaninc, 
although it has been reported to combine normally. albeit comparatively slowly, with 
benzyloxycarbonylglycine. I2 Again, the cyanomcthyl ester of bcnzyloxycarbonyl-z- 
mcthylalaninr was rccovcrcd complctcly after a prolonged period of attcmptcd 
reaction with z-mcthylalaninc methyl cstcr. and the mixed carbonic anhydridr method 
also failad; the yield of dipcptide dcrivatikc from the sulphuric anhydridc method was 
only 8 per cent. Our assumption that stcric hindrance was rcsponsiblc for these 
failures prompted the trial of the mixed pibalic anhydride (I). in which the stcric cfrcct 
would bc counter-balanced. Pivaloyl chloride was included in an early surveyI of 

” S4. Ilunr and V Ih V~gnenud. 1. Bd. Chrm. 124. 699 (1938). 
* hl. <kdon. J. ti. S41llcr and A. R. Dry. 1. Amrr. Chmm. Sot 70. 1946 (IYJRL 

lo E. M. Arnclt. J. Ci. Sllllcr and A. R. Day. 1. Amrr. (‘he-m. SIN--.. 72. 5635 (19W. 
11 l R. Ii. Wdcy and R. I’. Da~ls. 1. Amcr. Chcm. Sot. 76. 34Y6 (IYWJ; ’ A. I:. Bosham, fhrd. 79. 1257 

(1957). 
I* S. Goldschmldt and M. Wwk. Licbrgr Amy. 575. 217 (IV(?). 
“J. R. Vaughan and R. L. Outo. 1. Amer. Chmt. SW. 73. 5.553 (IYCI). 
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reagents for the mixed carboxylic anhydride method of pcptidc synthesis, but it 

appeared slightly inferior to isovalcryl chloride. Rcccntly, however, pivaloyl chloride 
has proved valuable for the condensation of tosyl-r-amino acids and in the asparaginc 
series.” With the triethylammonium salt of bcnzyloxycarbonyl-x-methylalaninc it 
yielded the crystalline and relatively stable mixed anhydride (I) quantitatively. In 
turn, reaction between the anhydride (I) and z-methylalanine methyl ester in tolucnc 
solution afforded the bcnzyloxycarbonyldipeptide ester in cxcellcnt yield.+ With the 
tricthylammonium salt of bcnzyloxycarbonyl-z-mcthylalanyl-~-mcthylalaninc. how- 
cvcr. pivaloyl chloride yielded (Reaction 2) the oxazolone (II; R 7 C,H,CH,OXU* 
NHCMe,) rather than a mixed anhydride. and ethyl chloroformate bchavcd similarly. 
l’h~s oxa?olonc was more conveniently obtained by dehydration of the bcnzyloxy- 
carbonyldipcptide with acetic anhydridc (see below). 

RCO.NHCMe,CO,H C,H,CH,.O.CO.NH.CMc,.CO.O,CO.CMe, 
I I 

I 2 

N. CMe, 
I 

RCO.NHCMe,CO.NHR’ 

Rk to + R’NH, 

‘O/ 
\ 

4 (R - H) 

R’ .NH*- CH.NHCMe,CO,- 

II III 

While the absence of a hydrogen atom from the alpha position in r-mcthylalaninc 
diminishes the value of the customary methods of peptidc synthesis, it favours the 
oxarolonc method because there can be neither raccmization nor acylation at the 
alpha carbon atom. Consequently the oxazoloncs (II) derived from z-methylalanine 
are. in general, easily manipulated, and they give exceptionally high yields in addition 
reactions (3) with amines. Indeed the early literature contains cxamplcs of the prc- 
paration of acetyl and bcnzoyl pcptides containing a residue of z-mcthylalaninc by 
the oxazolonc method.15 4,4-Dimethyl-2-trifluoromcthyloxazolonc (II: R CF’,). 
prepared (Reaction 2) by a modification of the general method of Weygand and 
GliickleP, is an excellent reagent for the addition of a single z-methylalanyl residue 
to an amine. Together, this coupling and removal of the trifluoroacetyl group by 
mcrhanolic hydrogen chloride provide a rcpctitivc method for lengthening the pcptidc 
chain of methyl esters. Howcvcr, alkaline hydrolysis of the trifluoroacctylamino 
group. and simultaneously the ester group, is more efficient. Thus trifluoroacctyl- 
x-mcthylalanyl-z-mcthylalaninc methyl ester was convcrtcd. by direct carbobcnzoxyla- 
tion of the alkaline hydrolysatc. almo$r quantitatively into the bcnzyloxycaIbonyl 
dipcptide. In turn this was dehydrated, as mentioned above. to the crystalline 
oxazolonc. which also rcactcd cleanly with z-mcthylalanine methyl ester. Similarly 

l With the mow polar dmwthylformamide as 
alanme methyl csw tus also formed. 

solvcm. the yield was lower and pivaloyl-r-mcthyl- 

” hf. %oral. Arwru. Chcm. 71. 743 CIYS91. 
” I.. Bohr. J. &At. C’hrm. lli; 4V. i73 (iSlO); C. Gdnachcr and M. Uahlcr. Ifelr. Chim. Acto 10, 246 

(1927): It. I’. Stctgcr. Ihtd. 17, S63 (lY34). 
” I-‘. Wcy@~nd and U. Cilbcklcr. Chrm. Arr. 89, 653 (1956). 
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the tosyl derivatives of the di-, tri-, and tetra-peptides of z-methylalanine aII gave 
crystalline, well behaved oxazolones; the tosyl dipeptide was lengthened at the 
carboxyl end up to the tosyl pentapeptidc in 50 per cent overall yield. The oxazolone 
from tosyl-r-methylalanyl-glycine was obtained in only 60 per cent yield, probably 
owing to side reactions of the methylcne group, but it reacted satisfactorily with 
z-methylalaninc methyl ester in boiling acetone in one hour, conditions too mild for 
the derivative of a-methylalanyl-z-mcthylalanine. For this and its homologues 
acetonitrile was the preferred solvent, and it was better to employ, as the other reagent, 
the free ester, than its hydrochloride and triethlyamine. 

As the formyl protecting group can be removed easily with mcthanolic hydrogen 
chloride, we were attracted by 4+dimcthyl_oxatolone (II; R = H). We have not yet 
isolated this rather unstable compound, but it is well characterized by the infra-red 
spectrum of the carbon tctrachloridc solution after reaction between formyl-lt-methyl- 
alanine and thionyl chloride in the presence of triethylaminc.+ (Reaction between 
this acid and acetic anhydride gave an K-acetylated mixed anhydride (IV) instead of 
the oxazolone). The solution of 4,4-dimethyloxazolonc gave the cxpectcd reaction 3 
with cyclohcxylaminc and with glycine ester, although the yield was only 47 per cent 
in the latter instance. With z-methylalanine methyl ester almost the entire reaction 
took Path 4, which has an analogy in part of the penillic acid change.‘8 Just as 
aldchydes arc more reactive than ketones, so 4,4-dimethyloxazolonc should bc the 
oxazolone (II) most prone to reaction 4 and evidently the competition between 3 and 
4 in this case is mainly determined by steric hindrance of the normal Reaction 3. 
Presumably some of the reaction with glycinc ester goes along Path 4. 

HCO N-CH 
\ \ 

NCMe,CO.OCOMs NCMe,CO,R’ 
/ I / 

rlaco Mc,C - CO 

IV V 

Mc,CH.O.CH=N.CMc,.CO,Ma 

VI 

The structure (III; R’- CMe,CO,Me) of the abnormal product from 4,4-di- 
mcthyloxazolone and a-mcthylalaninc methyl cstcr is secured by the following 
evidence. It formed a hydrochloride which was a rclativcly strong acid (pKu 2.84). 
comparable to z-amino acid hydrochlorides. On being heated, the amidine (III; 
R’ CMc,CO,Mc) cyclizcd with loss of methanol yielding the imidazolonc 
carboxylic acid (V; R”=:H); a minor product was the corresponding methyl ester 
(V: R” :zMc) formed by the alternative cyclization with loss of water. This 
imidazolonc methyl ester was obtained directly by reaction between z-methylalaninc 
methyl ester and ethyl orthoformatc. In addition to confirming the structure assigned 
to the imidazolones (V), this reaction shows that the abnormal product (III) results 
from attack by the amine at the mcthine group (Position 2) in 4,4_dimcthyloxazolone. 

Attempts lo obtain the free amidinc dimcthyl ester corresponding to the 

l IJnsucccssful attempts to prepare unsubstitured oxmolone hydrochloride have been mentioncd.l’ 
Inlra-red spcc~rorcopy has not dctcclcd fra onazolonc as bcmg produced from formylglycinc under our 
conditions. i.c. in the prcxncc of triclhylammc. 

I’ I:. 13. Kmg, J. W. Clark-Lews. D. A. A. Kldd and G. R. Smith. J. Chrm. Sot. 1039 (1954). 

I’ R. H. Woodward. Chrmisrry of PrniciNin (WII~ by II. 7’. Clarke. J. R. Johnson and Sir Robert Robinson) 
p. 445. Unwcrwly Press. Princclon (IYJY). 
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zwitterion (III; R -CMt,CO,Me) were unsuccessful. Thus a-mcthylalanine methyl 
ester was converted by fo~imidoisopropyl ether to the imido ether (Vi),l* but this 
with ~-methylaIanine methyl ester again yielded the imidazolone (V; R’-Me). 
The imidaxolone was also formed by reaction between a-methylalanine methyl 
ester and dichloromethyl methyl ether, and also when the hydrochloride of (III; 
R:..:CMe,CO,Me) was treated with 2 equivalents of diazomcthanc. Evidently the 
amidinc dimethyl ester cyclizes too rapidly to be isolated. With cyclohexylamine, 
the imido ether (VI) yielded the ~~y~lohexylimjda~olonc, also formed by thermal 
dehydration of formyl-~-mcthylalanin~ cyclohexylamide in the presence of acid. 

The infra-red spectra lo of the amidinc (111; R YCMC,CO,M~), N,N’-diphenyl 
and S,N’-dicyclohcxylformamidines and their hydrochloridcs are rccordcd in the 
Experimental section, since these show anomalies doubtless due to strong molecular 
association. 

EXPERIMENTAL 

Melting points arc uncorrected. Infra-red spectra arc of Nujol mulls determined with a Pcrkin- 
Elmer Model 21 Spectrophofomcfer (TGaCI optic$ unless otherwise stated. Evaporations arc under 
rcduccd pra;turc. Neutral products wcrc isvlafcd by washmg in ethyl accfafc solution successively 
with dilufc hydrochloric acid, sodium hydrvgcn carbonate solution. and wafer. 

C;eneral method fir the prepororion of oxazolunes. A soluflon of the aqlamino acid or peptidc 
(5 mmvlcs) in acetic anhydride (20 cc) was hcafcd at i IO-120 (oil bath) for IS min and then CMP_ 
orated. Last traces of acetic anhydride wcrc removed by addition of fvlucne (20 cc) and evaporation, 
and fbe residual oxarolvnc rccrysfaliired. 

1-Methylalanine methyl ester. The methyl eslcr hydrochloride was prcparcd from z-mefhyf- 
alaninc’f by fhc usual Iischcr method. The methyl ester (70”; yield from the amino acid), b.p. 
13&138”, was hbCfZIfFd by ammonia in chloroform svlutivn.” 

I-IMPthylalanyi-z-me~hyfala~iru. The hydrobromide, mp. 213-215” (Found: C. 35.5; fi, 6.6; 
N, 10.2. C.H,,O,N,Br requires: C. 35.7; H, 6.4; N, 10.40/A) was obtained from the bencyloxy- 
urbonyl derivative (see below) by the action of hydrogen bromide in acetic acid. Passage of an 
aqueous solution of the hydrobromide through a column of Dvwcx-1 x 4 anion-exchange resin 
(acetate form) afforded the free dipepfide. no m.p. below 300”, ernSx 3378, 3077. 2564, 2151. 1684, 
1653. 1634, 1610, 1575. 1493. 1351. 1300. 1290, 1241. 1209. 1168, 1094, 1003. 955. 939, 918, 880. 
798. 794, 769cm-r (Found: C, 51.2; H, 8.75; S, 14.7. C,H,,QN, rcquircs: C. 51.05; H, 8.6; 
N. 14.9:4). Af&rhalden and Ccbelcin*0 give mp. 244-236 . 

TripUotoacetyt Derilrotices 

Trifluoroacefic anhydridc (4.41 g, slight excess) was added gradually fv an icc-covlcd solution of 
a-mefhylalaninc (2.06 g, dried at 100’) in trifluvrvacetic acid (8.5 g. distilled from a little phosphoric 
oxide). After standing overnight at room temp. fhc solution was evaporated and the crystalline 
residue extracted wfth ether. Dilution of the ether with light petrokum and partial evaporation 
afforded needles of itjpuoroacefyl-z-me~hyl~aninc (3.61 g, 90”,6). m.p. 167-171.5”. The analytical 
sample. m.p. 170.5 -172’. was sublimed at 140’/14 mm (Found: C. 362; H. 4.2; N.7.3. C,H,O,NFS 
requires: C, 36.2; H. 4.1; N, 7,OT’). 

4.4 Dimrthyl-2-tripuoromethyloxazolone (II ; R = CT:,) 

Throughout fhc preparation, atmospheric moisture was excluded by drying tubes containing 
phosphoric oxide. Tri~uoroa~fyl~-~fhylal~i~ (5.2Og. dried at 8fY) was dissolved in thionyl 
chloride (6 cc) at S70”. with vigorous evolution of hydrogen chloride. The exass fhionyl chloride 

**cf. J. W. Cornforth and R. H. Comfonh. 1. 01cm. Sot. 96 (1947). 
*O cf. J. Fahinn. M. Irgrand, and P. Potrier. Bull. Sot. C&m. Fr. 1499 (19S6). 
*I H. T. Clarke and H. J. &an. Orff, Synthrses COIL Vol. II. 29 (1943). 
*’ G. Ilfllman. %. Nafw/. I, 682 (1944). 
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was evaporated at room tcmp and quinohnc (3.87 g, shght cxcrw) added to the residue. The mixture 
was heated for a few min at 80 120’ (owl bath) and then distilled, yielding ~,q-dimcrhyl-2-rriro- 

mc/hyloxa:olone (3.7G4.27 g. X0-,91 0.). h.p. 112-I 16 , v,,,.~ (film) 3003.2950.1835. 1689, 1462. 1439, 
1385. 1366cm ’ (Found: C, 40.2; H. 3 3: N. 7.5. C,li.O,NF, requires: C. 39.8; H. 3.3; 
h 7.7$). The compound is rapidly hydrolyscd by atmospheric moisture but othcnvisc stable. In 
the abscncc of qumolinc the acid chloride. unlike thtnc of other trlfluoroacctylammo acids.l* sublimes 
unchanged. 

z-Mcthylalaninc methyl ester (1.17 g. slight cxccss) was added gradually to an ice-cold solution 
of 4,4dImcthyl-2-trifluoromethyloxazolone (I.27 g) in dry acctonitrile (5 cc). The mixture was kept 
for 10 min before being hcatcd (steam bath) for 10 min and evaporated. Rcczstalli7ation of the 
residue from bcnzcnc afiordcd the dipep/ide derirarire (2G6 g. 98 9:). m.p. 1 I I .5 -115’ raised to 
I 13.5 1 IS.5 by a second recrystallization (Found: c’. 44.4; II. 5.6; S. 9.3. C,,H,,O,N,P’~ rcquircs: 
C. 44.3; Ii, 5.7; N, 9.4:;). 

7ii/luoroacrf~l-~-t~rerhylalanyl-~-merhylalanyl-~-nt~rhylalanint merhyl ester 

llydrogcn chloride was bubbled through a boiling solution of the forcgomg dipcptidc derlvatlvc 
(I .5 g. 5 mmolcy) in dry methanol (100 cc) during 2t hr. After evaporation, the hygroscopic rcyiduc 
(I.15 g), was dissolved in dry acctomtrilc (20 cc). triethylammc (0.51 g. 5 mm&s) added and the 
solutron filtcrcd. J,4-Dimethyl-2-trinuoromtthyloxarolo (0906 g. 5 mmolcs) was added to the 
icccoolcd filtrate, which was kept for IO mm bcforc being hcarcd Warn bath) for 10 min. The 
acctonitrilc was evaporated and the neutral fraction isolated. When the dried (Na,SO,) ethyl 
acctatc solution was conccnrratcd and c&cd it furmshcd the rripepnde clericafire (I.14 g, 60”,). 
m.p. 197 199’ (Found in material subhmcd at 150-175 :O,l mm: C. 47.1; 11. 6.2; N. 11.0. 
<‘,,H,,O,S*;,F, rcqwrcs: C. 47 0; 1.1. 6.3; N. 1 IRON,). 

l3en:yioxycarbon~l Derrcalires 

~n~~loxycar~nyl-z-nrrrhylalanine 

To an icccold solution of n-mcthylalaninc (5.02 g) in 1.67 N NaOIi (30 cc) and acctonc (25 cc). 
adjusted IO pH 10.9, was gradually added bcnzyl chloroformate (I6 g of 80”: pure) in dry acetone 
(25 cc) during 70 min with stIrring. ‘Ihc pII of rhc solutmn was mamtaincd at 10.8-10.9 by simul- 
tancous addition of 2 N NaOH (37 cc). ‘171~ mixture was stirred during 2 hr at rtx)m rcmp before 
being concentrated and acidlficd. The precipitated oil was extracted into ethyl acctatc and the acidic 
fraction isolated with stxlium carbonate solution in the usual manner. ‘1 he oily product crystallized 
.~louly. and was rccrystallired from ether-hght pctrolcum (IO.9 g. 9Z0i). m.p. 67 70 raised IO 
72.5 74.5 by one further rccrvstallitition from bcnlcne light pctrolcum (f:ound: C. 60.7; H. 6.6; 
N. 5.95. Calc. for C,,H,,O,<: C, 60.75; Il. 6.4; S. S+‘,). Rcrgmann ef u/.’ report m.p. 78’. 

A mixture of hcnryloxycarbonyl-z-mcthylalaninc (5.93 g), tricthylaminc (5.28 LX), and chloro- 
a;etonitrilc (7.55 g) was kept at 7&75* durmg 40 mm. After the cxccss chloroacctomtrtlc had been 
c\*aporztcd the neutral product (6.?3 g. 90”;). m.p. 42 47 . was isolated with ethyl acctaatc in the 
usual manner. Rcvrystalliration from cthcr a~ 10 furnished the pure cyanonurhyl eswr. m.p. 
45 48.5 (P’ound: C. 61.1: II, 5.5; N. lO+S. <‘,,H,.O,N, rcquirr%: C. 60.9: 1.1, 5.8: N. 101 S,). 
This csler (2.76 g) w-as rccovercd in 97 “: ytcld after being heated durmg 4 hr with a boiltng mixture 
of ethyl acctatc (3 cc). z-methylalaninc methyl ester (2.34 g). and acchc acid (0,030 g) cithcr with 
or wllhout rrlcthylammc (5 cc). 

HFn:y/~~.rycarhonvl_1_mc,h?lrrlonine cyclohexylamide 

The gcncral route” via the Irthium Salk of bcn~yloxycarbonyl+meth~lalaninc and the sulphurlc 

anhydride gave an 837; yield of the crude ncuwal product. Rccrystalhmtion from bcnzcnc lrght 
petroleum furnished the pure c~~clohcsyiantide (760,). m.p. 124-127’ (Found: C, 68.1 ; li. 7.95; 

N. 8.8. C,sII,.O,N, requires: 6. 67.9; II, 8.2; N. 8.89,). 

*I D. W. Clayron. J. A. i’arrmglon, G. H’. Kcnncr and J. Y. Turner. /. Chrnt. SW. 1398 (19.57). 
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&nryloxycar~nyl-~r-mrrhylalanine piwlic acid mixed anhydride (I) 

Pivaloyl chloride (3.6 g. 30 mmolc) was added to a stirred and cooled ( -- 5 ‘) solution of bcnryloxy- 
carbonyl-x-mcthylalaninc (7.1 I g, 30 mmolcs) and tricthylaminc (3.03 g. 30 mmoln) m dry tolucnc 
(I 5 cc). After 2 hr at 5 and I hr at room temp. the solution was filtered and the filtrate cvaporatcd 
to yield the mixed anhydride (9.52 g, WY,). m.p. X2 ,X6’. The analytical sample had m.p. 81-X3’ 
after rccrystallizatlon from tolucnc-light pctrolcum. v~., 3290. 1805. 1736, 1678 and I531 cm ’ 
(Found: C. 63.6; H. 7.3; N, 4.6. C,,H,,S0, rcqulrcs: C. 63.5; H. 7.2; N, 4.3:;). 

The foregoing mixed anhydrldc (6.42 g, 20 mmola) wzs added to dry tolucnc (100 cc) containtng 
z-mcthylalaninc methyl c?rter (2.67 g, 22 mm&s) and the solution heated at 60’ for 3 hr. After 
standing overnight at room temp, the rcacuon mlxturc was diluted with ethyl acctatc and the neutral 
product isolated in the usual manner. Rccrystalltration from cthcr -light petroleum afTordcd the 
dipepide dericofire (5.9 g. 894;). m.p. 107-IOY . A sample rcnystallircd once further had m.p. 
IOU Ill (Found: C. 60.7; H. 7.2; I*;, 7.9. C,,il,,O& requires: C, 60.7; H. 7.2; N. X.3”/,). 
When the tolucnc was rsplaccd by dimcthylformamids as solvent. the crude neutral product contalncd 
pivaloyl-x-mcthylalanmc methyl ester (ZO-30”:. I.R. spectrum), and the isolated yield of pure 
dipcptidc dcrivatlvc was lower (57O.j. 

Pi~ak?)l-1-mc~,h~laluni,rr methyl ester 

‘I his compound, prcparcd from z-mcthylalanrnc methyl ester hydrochloride (I.53 g. IO mmolcs). 
trrcthylammc (2.02 g. 20 mmolcs), and plvaloyl chlorldc (I.20 g. 10 mmolcs) in tolucne (20 cc) kept 
ovcrmght at room temp. had m.p. 92 Y3’ after two crystallirations from cthcr (Found: C. 60.1; 
II, Y.7; S. 6.7. <‘,OH,,M)S rcqulrcs: <‘, 59.7; I!. 9.5; N. 7 O”,). 

(a) A mlrturc of trlfluoroacctyl-x-mcthylalanyl-z-mcthylalaninc methyl cstcr (2,YX g) and 
N NaOlt (30 cc) was kept ovcrncght at room temp. Trifluoroacctlc acid was added to pII 6 and the 
cry\tallmc rcslduc from evaporation d~sdvcd in water (20~) and accttonc (IS cc) and brought to 
pIl I0.Y by addition of N KaOll. i3enryl chloroformate (3.20 g of X0”,) m acetone (20 cc) was 
added during 35 mm to the cooled and stirred solution of dlpcptrdc, the pH being mamtaincd at 
IO.7 I I by further addition of alkali. Stirring W;LS conttnucd at room tcmp for I hr. and then the 
usual extraction procedure furmshcd the ben:_vlo.rycarbo~~~l &pepri~ie (3.05 g Y4 “i). m.p. I57 ISY 
ral\cd by rccry\talh&on from aqueous methanol to 161-162.5 (Found: C. SY 7. H. 6.6; N. H.Y. 
C‘,,H,,O,S, requires: C. SY.6: 11. 6.Y: N. X.7”,). Diacomcthanc in cthcrcal solution convcrtcd 
this acid into the forcgomg methyI cstcr. m.p. and mtxcd m p 1 I I . 

(h) A solution of bcn~~lo~ycar~~nyl-z-mct~~ylalanyl-1_lalani~~c methyl cstcr (0,336 g. 
I IIIII~O~C) in dioxan (5 ml) containing 2 N 1iCI (I cc) was hcatcd under rcflux for 6 hr and then left 
ovcrnlght 31 room temp. Ahcr evaporation of the dioxan. the aodic product was isolated with 
ethyl ~cc~a~c and wd1u11i carbonate solution in the lnual uay. Evaporation yielded the bcnzyloxy- 
carbony dlpcptldc t0 233 g. 72,5”_), m.p I40 I54 , ratsed by one recrystalllration from aqueous 
methanol lo I57 Iho’. 

2-f I ‘-tk~n:yl~)x~caartK,rf~tar~f~ffa- I ‘-merh~lkrhyt~.4~/inte/h~t~~.ra:ol~~ne 

(II: R C.~l,CII;O~CO~~H~(‘Me,) 

(a) This osa-_o/otte was prcparcd from bcnzyloxycarhonyl-z-mcthylalanyl-r-mcthylalaninc 
(I 23 g,) hy the gcncral procedure already drycrlbcd. Ylrld 1.1’) g (9X’;). m.p. 125-126.5 (f:ound: 
<‘. 63 3; 11. 0.7; S;. 9.2. C,,H,.O,N, rcquiny: C. 63.1 ; H. 6 6; S. 9.2”,). 

(h) Ethyl chloroformate (0.1 I cc, I mmole) was added to a solution at 5 of bcnzyloxy- 
carhonyl-z-mcthylalanyl-z-mcthylalanine (0322 g. 1 mmolc) and tricthylamine (0.14 cc. I mmolc) 
in dry tolucne (IO cc). The mixture was kept at 5” for 2 hr and at room tcmp for I hr before king 
filtered and evaporated at low temp. There was obtained 0.320 g (103 “,) of crude oxarolonc, m.p. 
120. I23 . identical in I.R. spectrum with the above product. 

(c) Dehydration of the dipcptidc derivative (I mmolc) with pivaloyl chloride (l-5 mmole) and 
tricthylammc (I.5 mmolcs) under the same condltlom as in the preceding experiment likewise 
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afforded the crude oxazolone (98:,;), m.p. 122-123’ after ~tallization from ethyl aatatalight 
petroleum (yield 80%). 

&n:yloxycorbonyl-a-mcrhyl~~yl-r-nurhylal~yl-~-mcrhyl~~ine mrrhyl ester 

A solution of the foregoing oxazolonc (0.364 g) and z-mcthylalanine methyl ester (0.35 g) in 
acctonitrile (8 cc) was kept at 100’ during 6 hr and then cvapordtcd. Recrystallization of the r&due 
from aqueous methanol afforded the tripepride deriva/icc (0.461 g. 91 O/b). m.p. 145-146” (Found: 
C, 5Y.8; ii, 7.2; S, 10.25. C,,H,,O,N, requires: C. 59.8; iI, 7.4; N. lO.Op,). 

Tasyl Dericarives 

Tosylg(ycyl-z-merhylalanine methyl ester 

A solution of tosylglycyl chloride (2.48 g. 10 mmolcs) in dry acetone (20 cc) was added in 4 

portions to a cooled. shaken solution of n-mcthylalaninc methyl ester (2.46 g. 21 mmolcs) in acetone 
(25 cc). The mlxturc was cooled for 30 min further and then left for 1 hr at room temp. The 
prccipitatcd z-mcthylalaninc methyl ester hydrochloride (142 g) was collcctcd before the acetone 
wac evaporated. Concentration of the solution of the neutral product in ethyl acctatc yicldcd the 
dipeptide deric*ative (2.33 g. 71 “,), m.p. 113-I 16’. The analytical sample was rccrystalli7cd from 
aqueous methanol. m.p. II3 5 -I 15 (Found: C, 51.4; Ii. 6.4; N. 8.5. C,,H,,O,N$ rcquircs: 
C. 51.2; II. 6.1; N. 8.5”:). A simrlar preparation (threefold scale), In which a mixture of z-mcthyl- 
alaninc methyl cstcr hydrochloride (5G6 g. 33 mmole), tricthglaminc (6.6 g. 66 mmolc~) and dimcthyl- 
formamide (30~~) was substituted for the solution of ester (63 mmolcs) in acctonc. yielded only 
4-l:; of the dipcptidc derivative. 

A solution of the foregoing methyl &cr (6.23 g. 19 mmolcs) in 2 N NaOH (20 cc) was shaken at 
room tcmp during 4 hr and then acidified. Rccrystalliration from aqueous methanol atTorded 
rosy!~~lycyl-z-mefhylal~ine (5.8Og. 97’/,). m.p. 177-178.5’ (Found: C. 4Y.6; Il. 5.7; N. 8.Y. 
C,,fl,,O,N$ rcquircs: C, 49.7; H, 5.8; N, 8,9?,). 

TosJl-xx-methylalanine 

The following proccdurc is prcfcrablc to published methods. A solutmn of tosyl chloride (41.8 g. 
0.22 mole) in dry acetone (100 cc) and simultaneously 2 N NaOH (I IO cc) wcrc added dropwisc 
during I hr IO a vigorously stirred and coooled solution of z-mcthylalaninc (20 g, 0.2 mole) in 2.5 N 
NaOt{ (80 cc) and acetone (80 cc). Stirring was continued for 20 min and then the solution was 
alloucd to reach room temp and left for 1 hr. Acidification after partial evaporation yielded material 
(35.5 g. 69 7:) suffciently pure for further work, m.p. 142 ,145” raised by recrystallization from 
aqueous methanol to 151-152- (Found: C. 51.3; II. 6.1: N. 5.2. Calc. for C,,H,,O,NS: C. 51.4; 
H, 5.9; S. 5.45%). Previously rcportcd m.p.s arc 147’.*’ 143’.” 149-150’.“’ 

Tosyl-z-methylalanyl chloride 

To avoid darkening of the solution, the reaction between tosyl-z-mcthylalaninc nnd thionyl 
chloride was carried out at 10-18’ during 3 hr and it yicldcd 73 >; of material sufficiently pure for 
further work, m.p. 116 117” (dcc) r&cd by recrystallization from benzene to 120-121“ (Found: C. 
48.2; H. 5.4; N. 5.0; Cl. 12.9. Calc. for C,,H,,O,SSCI: C. 47.9; H. 5.1; N, 5.1; Cl. 12.Y%. 
Previously m.p. has been rcprtcd”’ as 115-I 16‘. 

A solution of tosyl-n-mcthylalanyl chloride (2.10 g, 75 mmolcs) in dry acetone (8 cc) was added 
gradually during 1 hr to a well shaken and cooled mixture of glycinc (1.12 g. 15 mm&s). magnesium 
oxide (0.80 g). acctonc (5 cc), and water (15 cc). The thick mixture was shaken at room tcmp for 
14 hr bcforc being diluted with water (20 cc) and acidified with strong hydrochloric acid. Rccrystal- 
lization. from water containing a few drop of methanol, of the crude product (2.O.C g) obtained by 

u F. Fichter and M. Schmid. Hrlr. Chim. Ada 3, 7W (1920). 
” R. II. Wiley. N. R. Smith and J. P. Johansen. 1. Amer. Chcm. Sor. 74. 6298 (1952). 
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concentration and cooling, furnished tosylu-nurhylalany(glycinr (1.70 g. 71 Y’J. m.p. 15G151” 
(Found: C, 49.65; H. 5.8; N. 8.7. C,,HLaOIN,S rccpires: C, 49.7; H. 5.8; N. 8.9%. 

Tosyl-a-mcrhylakznylg1ycine ethyl es&r 

(a) Ethyl chloroformate (2.05 g. 20 mmoks) was added gradually to a solution, stirted at -5”. 
of tosyl--J-mcthylalani (5.15 g, 20 mmolcs) and triethylamine (295 g. 20 mmolu) in dry tolucne 
(80 cc); the mixture set to a gel. After 30 min a solution of glycinc ethyl ester hydrochloride (2%0 g 
20 mmolcs) and tricthylaminc (2.05 9, in dry dimethylformamidc (50 cc) was added dropwise. and 
stirring at -2’ was continued for li hr. Next day the dipepride deriwrim (1.65 g, 24%) was isolated 
in the usual way, m.p. 141-144’ raised. by recrystallization from aqueous methanol. to 149-151^ 
(Found: C, 52.4; H, 6.2; 0, 23.7; N, 8.0. CLIHtlOIN,S rquircs: C. 52.6; H, 6.5; 0. 23.4; 
N. 8.2 7,). 

(b) Glycinc ethyl ester (2.48 g. 24 mmolcs) was added to a solution of tosyl-u-methylalanine 
(3.08 g, 12 mmolcs) in acetonitrilc (100 cc). After a few min crystals separated. Dicyclohexyl 
carbodi-imide (2.48 g. 12 mmolcs) was added and the mixture was shaken for 10 hr. The yield of 
dipeptidc derivative, m.p. l42-146’, was 2.20 g (53%). 

2-( 1 ‘-Methyl-1 ‘-rotrune-p-sulphoMmi~~~hyloxa:olonc 

Application of the general method to tayl-r-mcthylalanylglycine and recrystallization of the 
product from tolucnc furnished the oxozolonc (61%). m.p. 172-173” (Found: C, 52.6; H. 5.4; 
N. 9.0. C,,H,,O,N,S rcquircs: C. 52.7; H. 5.4; N, 9.5%). 

Tosyl-z-mcrhylalanyl~lycyl-z-methylalanlne methyl ester 

A mixture of the foregoing oxazolonc @266 g. 0.9 mmole). r-methylalaninc methyl ester (0.212 g 
14 mmolcs). and dry acctonc (10 cc) was kept for 30 min at room temp and then boiled for 30 min. 
Next day the solution was cvaporatcd. Ruzstallization. from ethyl acetate containing a tract of 
acetone. of the r&due gave the tripepride deriwficc (0.26 g. 70%). m.p. 193-194.5 (Found: C, 52.1; 
tI. 6 8; 9, 10.5. C,.Il,,O&S requires: C, 52.3; II, 6.6; h, lO.Z:<,. 

Tosyl-z.N-dimcrhylalaninc 

Dimcthyl sulphatc (7.5 g) and 4 N NaOH (12.5 cc) wcrc added gradually during 1 hr to a shaken, 
cooled solutton of tosyl-z-mcthylalaninc (5.15 g) and sodium hydroxide (I.2 g) in water (30 cc). 
The mixture was shaken at room tcmp for 24 hr further and then heated to 100” for 5 min. After 
removal of the prccipitatcd solid (I.6 g). the product was obtained by acidifation as an oil which 
slouly crystalhud. Fractional crystallization from bcnzcnc and aqueous methanol afforded rosyl- 

z.N-diinwrh~hlunin~ (268 g. SOS:). m.p. 142.5-145” (Found: C, 52.8: H. 6.2; N, 5.1. C,,H,,O,NS 
rcquircs: C, 53.1; 11, 6.3; N, 5.29,). 

Tosyl-~zl,S-dimerhylalanyl chloride 

Reaction, initially at room tcmp and after 2 hr at 45” for 10 min. between the foregoing acid and 
thionyl chloride. and recrystallil;ltion of the product from light petroleum (b.p. 60 80’) fumishcd 
rosy/-z,N-r~i~~imcrhylolonyl chloride (6372). m.p. 79-80” (Found: C. 50.0; H. 5.5;; N. 4.6. C,,H,,O,- 
MCI requires: C, 49.7; H. 5.6; N, 4.8 %). Tosyl-a.Ndimcthylalanine (88 %) was recovered from 
hydrolysis of this acid chloride by sodium hydroxide in aqueous acctonc. 

‘1%~ foregoing acid chloride was reacted with x-mcthylalaninc r~ in the preparation of tosyl-r- 
mcthylalanylglycinc already dcscribcd. The product, m.p. 112-160’. was a mixture of tosyl-z,N- 
dimcthylalaninc and the rcquircd rosy1 dipepride. which was xparatcd through its insolubility in 
bcnrcnc and purified by recrystallization from aqueous methanol (yield about 8x), m.p. 210.5-212” 
(Found: C, 53.6; H. 6.8; N, 7.45. C,,H,,O,N,S requires: C, 53.9; H, 6.8; N. 7.9%). 

Tosyl-a-merhyblanyl-a-methylalanine methyl ester 

A solution of tosyl-~mcthylalanyl chloride (2.76 g. IO mmolcs) in dry acetone (I5 cc) was added 
in 3 portions to a cooled solution of z-methylalaninc methyl ester (2.46g, 21 mmolcs) in acetone (20~~). 
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Shaking was continued at room tcmp for 30 min before I-mcthylalaninc methyl ester hydrochlortdc 
(I.33 g) was filtcrcd off and the acetone cvnporatcd. The dipepride derioarice (2.97 g. 83 “d), m.p. 
146 147.5 (Found: C. 54.1; H, 6.Y; N. 7 8. C,,H,,O,S$ rcqurrc!: C. 53.9; ti. 6.8; N. 7.Y:,). 
crystalhmd from the comzcntratcd ethyl acctatc soluuon of the neutral product. When a mixture 
of z-methylalaninc methyl ester hydrochloride (I.2 cqutvalcnts). tricthylaminc (2.4 equivalents), 
and dimcthylformamidc was brought into reaction with the acid chloride. the yield was only 71 X. 

A solution of the foregoing ester (3.56g. 10mmolc.s) in 2 N NaOfI (100~) was shaken at 
room tcmp during 4 hr. Acrdification with drl hydrochloric acid furnished the fosyldijup~ide (3.41 g, 

YY:,). m.p. 214-218 rarscd. by rrwrystalliration from methanol. to 216218 (Found: C. 52.6; 
H, 6.5; N, X.4. C,,fI,,O,NS rcquucs: C’, 52.6; H. 6.5; N. %2”,J. 

4.4- Dimerhyl-2-( 1 ‘-mc/hyl- 1 ‘-Ioluene-p-sulphonamidouIhyloxa:olone (I I ; R 7 C,H,,SO,.NHC.Uc,) 

Rccrystalliration from light pctrolcum (b.p. 80-100 ) of the product from application of the 
general method to the foregoing tosyl dipcptidc furnished the o.razolonc (94::). m.p. 140~141.5’ 
(Found: C. 55.2; I(. 6.3; I\;. 8.4. C‘,,H&,N,S rcqutrrs: C. 55.55; II, 6.2; N, 8,6:,). 

To.ryl-~-nuIhylal~yl-~-nuIhylalanyl-~-nrcIhylalanine meIhyl esIer 

A solution of the foregoing oxazolonc (0649 g. 2 mmolcs) and a-mcthylalanine methyl ester 
(0.351 g. 3 mmohs) in acctonitrile (IOcc) was kept at 100 during 4 hr and then evaporated. Rccrystal- 
liratron of the residue from bcnrcnc light pctrolcum furnished the /ripepride deriwrirc (0.844 g. 
Y5Q, mp 156-158’ (Found: C. 54 45; H. 7.1; N. 9.5. C,okl,,O,N,S rcqurrcs: C. 54.4; 11. 7.1: 
h’. 9.5”;). An attempt to carry out the reaction under the condttrons already described for tosyl-a 
methylalanylglycyl-x-mcthylalaninc methyl cstcr was unsuccessful. and 80”: of the oxaxolonc was 
rccovercd. 

A solution of the foregoing cstcr (0 662 g. I.5 mmolc~) in 2 N NaOH (2 cc) was shaken at room 
tcmp during 5 hr and then acidified. The oil slowly crystallirrd. and rccrystalliration from aqueous 
methanol yielded the ros$ Iripeppride (O%OY g. 89:;). which was dried at lwl0.l mm to remove 
water of crystallization. m.p. 205-207 (Found: C. 53.1; II. 6.8; N. 9.4. C,,H,,O,N,F rcquirc- 
C. 53.4; H, 6.8; N. 9.8”;). 

4.4- DInurhyl-2-t I ‘-meIhyl-I ‘-rosy/-x-n~eIhylalany/aminokIhylo.~a:alone 

(II; R - C,ll,.SO,~NCI~CUc,.(.O.Nl~.CMc~) 

‘Ihe oxazolane (YY”,). m.p. I48 149 (Found: C. 56.1; H, 6.5; N. 10.0. C,sH,O,N,S requires: 
C. 55.7; 11. 6.65: S. 10.3”;). was obtarned by rccrystalhzation from bcnrcnc light pctrolcum 
(b.p. X0-100 ) of the product from the prcccding tosyl-tripcptidc. 

Tosyl-r-nrerhylalanyl-x-nuIhylalanyl- z-meIh,ylalanyl-z-meIh_ylalanine merhyl ester 

A solution of the foregoing owolone (3.27 g, 8 mmolcs) and x-mcthylalaninc methyl ester 
(I.40 g. I2 mmola) m acctonitrile (I5 cc) was kept at 100’ durmg 3 hr. When it was ctx>lcd most 
(3.05 g) of the product. m p. 217-218 . crystallized and a second crop was obtained from the liquor 
by cxtractron of the neutral mntcrial. Rccrystalliration of the total from methanol afforded the 
reIra~pIi~fecferilwIi~e(3~36 g. x0”,). m.p. 21X-219 (Found: C, 55.2; H. 7.3; N, 10.9. <‘,,H,,O,N,S 
rcquirr-: C. 54.7; H. 7.3; N. 10,6”,). 

When hydrolysis was carried out as already descrrbcd for the tripcptidc derivative. it was incom- 
plctc and 23”; of the cstcr was rcrovcrcd through its insolubtlity m sodium hydrogen carbonate 
solution. When this fraction had been trcatcd again with scxlium hydroxide, the combined yield of 

dircxtly crystallircd IO.SF/ Icrrapcppride was 87”/,, m.p. 260 262 (Found: C, 53.6; il. 6.9; N. 10.7. 
C,,lI,O,N,S rcquircs: C. 53.Y; Ii. 7.1; N. 10.9”;). 
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4,4- Dimerhyl-2-t 1 ‘-merhyl- 1 ‘-rosyI- a-mcrhylalanyl- z-nurl~~lalanylamino~~hyloxazolonc 

(II; R C~H,SO,~Nf1~CMc,~CO~NH~CMc,~CO~N~l~CM~~) 

The oxazolonc (95 T;). m.p. 224 225 (Found: C, 56.1; H, 6.9; N, 11.4. C,Ii,O,N,S requires: 
C, 559; H. 6.9; N. 11.3”;). was obtained by rccrystalhation from bcnzcne of the product from the 

losyl-Iclrdpcplide. 

‘I’osyl-n-mc/hylalun~l-r-merh,vlalonyl-~~-nre~hylalanyl-z-merhylalanyl-~-merhylalaninc methyl CSICI 

(a) Triflt~oroacc1yl-~-me1hylalanyl-a-me1hylalanyl-~-~1hylalaninc methyl cstcr (I.532 g, 4 
mmolcs) was treated with mcthanolic hydrogen chloride and then tricthylaminc as in its own prc- 
paration. and rhcn 4,4-dimc1hyl-2-~I’-me1hyI-I’-1olucnc-p-sulphonam~dok1hylo~zolonc (1.2% g. 
4 mmoks) H.ZF added IO the acctonitrlk solution. The mixturs was boded for 2 hr and then the 
neutral product was isolated. Rccrystalliratton from aqueous methanol of the material which had 
crystallized from the concentrated ethyl acetate cx~rac~ furnished the penrupepfidc dcricorive (0,451 g. 

19::). m.p. 251-252~5 (Found: C. 54.8; 11. 7.3; N, 11.5. C,,ll,,O.N,Srequircs: C, 55.0; H. 7.4; 
h’. 11.45”,). 

lb) z-Mcthylalaninc methyl cstcr was combined with the foregoing oxarolone, derived from 1h-c 
tosyl tctrapcptldc. just as ulth the oxarolonc from the tosyl tripcptide. and the product (91 :A), m.p. 
251 , was isolated in the same way. Ry this route the overall ylcld from tosyl dipcptldc was 507;. 

Dcricariws of ~omr)l-t-merhylalaninc 

Acetic anhydridc (160 cc) was added during 15 min to a stirred solution kept at 7-12’ of I- 
mcthylalanmc (2@6 g) m 98”; formic acid (400 cc). The mixture was stirred at I5 for 30 min and at 
room temp for 2 hr. Finally it was diluted with icccold water (160 cc) and concentrated. Cooling 
IO .- IO’ and then rccryswlhzation (at -IO,) from water (25 cc) afforded the water-soluble/ormvl-z- 
mtvh~lulonine (20.0 g. 76::). m.p. 345-147 (Found: C, 46.0; H. 6.9; S, 10.75. C,H,O,N rcq&cs: 
C 45.X. H 6.9. N 10.7”‘) * ,..* 0 f 

S-Acer,l-S-/orrI?yl-x-n~~fhylalaninr acctic anhydride (IV) 

Application of the general method for preparing oxazolones 10 formyl-x-methylalaninc (2.62 g) 
and recrystalhrauon of the product from bcnrenc-light pctrolcum (b.p. 60.80’) furnished the 
mixed unhvdridc (IV) (2.58 g, 603,). 
H. 6.2; <. 6.7. C,It,,O,N rcqutres: 

m.p. U-66 , I’~.I 1815. 1764, 1686cm * (Found: C. 504; 
C. 50.2; 11. 6.1; N. 6.5”;). The same compound (3.72g 

863,) was obtained from a mixture of formyl-z-mcthylalanine (2.62 g, 20 mrnolcs). tricthylaminc 
(2.02 g. 20 mmoks) and PCCIIC anhydride (35 cc) which had been kept during 32 hr at room tcmp and 
then evaporated at low temp. Its alkaline hydrolysb at room tcmp afTordcd acctyl-z-mcthylalaninc. 
rccrystallizcd from water. m.p. 198 200.5’ (rcportcdn m.p. 196 ) (Found: C. 49.4; ii. 7.6; N. 9.9. 
Calc. for C,H,,O,N: C. 4Y.6; H, 7.6; N, 9.653/.). 

N-l Isc)pr~pOxynterhylene~z-mefh~lalanine methyl ester (VI) 

zx-Mcthylalaninc methyl ester (I.89 g. 12.3 mmolc) and formimidoisopropyl ether hydrochloride” 
(I.52 g. 12.3 mmolcs) wcrc added at 0 to aqueous potassium hydroxide (2.7 ml of 25 T,) under ether 
(20 ml). After shakmg a1 0 for IO min and at room tcmp for 30 min. the ether layer was decanted. 
the salr sludge washed twice with frc3h ether. and the combined ether extracts washed with a littlc 
water, dried (Na,SO,) and evaporated. Di~tlllation of the oily residue (1.1 g. 48f/,) yielded the 
ester, b.p. 57 ,‘4 mm (Found: C, 57.9; H, Y.3; S. 7.5. C,lI,,O,N rcquirr- C, 57.7; li, 9.15, N, 
7.5 T,). 

4,4-Dimcrhyloxazolonc (II. R -. II) 

Tricthylaminc (404 g. 40 mmoks) was added 10 a suspension of formyl-r-mcthylalaninc (2.62 g. 
20 mmoks) in carbon tctrachloridc (40 LX). and the mixture was warmed until a clear solution was 
obtained. 731s solution was cooled in ice and shaken while thionyl chloride (2.38 g. 20 mmolcs) in 

** P. A. Lcvcnc and R. 11. Stcigcr. 1. EM. Chem. 93. 581 (IY31); N. C. Hancox. Ausf. /. Scl. Rrr. 3A.450 
IIYSO). 
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carbon tetrachloridc (IO cc) was added in 3 portions during 3 min. There was immediate precipitation 
of trictbylamine hydrochloride and evolution of sulphur dioxide. After the mixture had been shaken 
without cooling during 5 min, the tricthylaminc hydrochloride (564 g) was rcmovcd by filtration. 
The solution of 4,4-&mcthyloxazolone had major peaks in the infra-red spectrum (after compensation 
for solvent absorption)at 1850,1638,1202. 1104.1008.963.917.875 cm-’ and it could bc fractionally 
distilled at 76“ and atmospheric prcssurc without qualitative change of the spectrum, but there was 
a non-volatile residue. The solution drxomposcd gradually during storage. 

For preparative pu’pxs benzene is slightly prcferablc to carbon tctrachloride as the solvent, 
but neither ether nor petroleum ether could be substituted for carbon tctrachloride on account of the 
insolubility of formyl+mcthylalanine; xylcnc was tolerably satisfactory, but 4.4-dimethyloxazolonc 
was not separated from it by fractional distillation at atmospheric pressure, during which dccom- 
position occurred. 

Formyl-%-mrthyloianinc cyclohexylomide 

Cyclohcxylaminc (4g) was added IO a cooled solution of 4.4dimcthyloxazolone in bentine 
(prepared from 2.62 g of formyl-x-mcthylalanine). After a few min the crystalline cyclohcxylomide 

(3.77g. 89%) began to separate and was rccrystallizcd from aqueous methanol, m.p. 142-145’ 
(softening at 136’) (Found: C. 62.4; H, 9.5; N, 13.4. C,,H,,O,N, requires: C. 62.2; ii. 9.5; 
N, 13.2%). The yield from a similar run in carbon tctrachloride was 87:;. 

I-CyclohcxyM,4-&mcrhylimiuiz:olow 

(a) A dry mixture of formyl-x-methylalanine cyclohcxylamidc (I.06 g. 5 mmolcs) and tosyl-z- 
methylalaninc (1.29 g, 5 mmolcs) was hcatcd gradually in a test-tube. At 170’ evolution of bubbles 
began and it became rapid above 200”. Heating was continued to 230’ when the fmiukolonc (0.88 g, 
91:/,) sublimed; after raublimation at 120-140‘/12 mm it had m.p. I l&l 13”. (Found: C, 67.85; 
H. 9.25; N, 14.2. C,,H,,ON, requires: C, 68.0; H, 9.3; N. 14.4::). Tosyl+methylalanine 
(0.97 g. 75 s/,) was rcuwered by solution of the residue from the first sublimation in sodium hydrogen 
carbonate solution and subsequent acidification. 

(b) A mixture of N-isopropoxymcthylenc-z-mcthylalaninc methyl ester (0.375 g. 2 mmolcs) and 
cyclohcxylaminc (0.20 g, 2mmolcs) was heated on the steam bath for 5 hr. The solid product obtained 
on cooling was rccrystallirrd from ether to yield the imidazDlonc (0.282 g, 78g/,). m.p. Ill-1 14”. 

FormyI-z-merhylaIony@ycinc ethyl ester 

When a solution of glycinc ethyl cstcr (2.83 g, 25 mmoles) in benzene (5 cc) was added IO a 
solution of 4,4_dimethyloxazolone in bcnzzne (prcparcd from 2.62 g, 20 mmolcs. of formyl+mcrhyl- 
alanine), there was slight evolution of heat and, after a few min. deposition of an oil. Next day, 
the supematant solution was cvaporzted and the rcsiduc was reunited with the oil which had partially 
crystallized. Scveml extractions with hot bcnzcnc (20 cc portions) afforded /ornlyI-z-mcfhy/o/o~~/- 
glyrke erhyl e>ter (2.08 g, 479,). m.p. 102-103.5’ (Found: C. 50.1: lf. 7.3; N. 12.8. C,lI,,O,NI 
requirrz: C. 500; H. 7.5; N, 13.0:;). The insoluble rr3idue was a gum. probably containing some 
amidinc (III: R’=CIl,CO,Et). 

N,N’-Bill-Corhoxy-I-nu/hy/crhyl)_f ormumldinc nwnomcth$ ester (III; R’: - CMc,CO,Mc) 

A solution of z-mcthylalanine methyl ester (2.92 g. 25 mmolcs) in hcnzcnc (5 cc) was added to a 
solution of 4.4-dimcthyloxazolone in bcnzcne (prcparcd from 2.62 g. 20 mmolcs. of formyl-a-methyl- 
alaninc). The oil. which soon began IO separate. gradually crystallired. and next day the crystals 
(4.42 g). m.p. 132-137’ (dcc). were colktcd. Extracrion with hot chloroform and dilution of the 
chloroform with bcnrcne atTordcd the pure ortrlrline (Ill; R’. .CMe,CO,Mc) (3.92 g. 85”:). m.p. 
14s- 146.5” (kc). I’rr..X 1742. 1709. 1570 or, in chloroform, 3175. 1736. 1709. 1634, I558 (broad). 
1513 (broad)cm 1 (broad absorption in region ZHOO-26tXcm * m both ca.scs) (Found: <‘. 52.0; 
H. 7.9; N. 12.3. C,,II,,O,N, rcquirn: C, 52.2; II, 7.9; N. 12.2::). When hydrogen chloride 
was passed into a solution of the amidmc in chloroform, heat was evolved and partial evaporation 
yielded the hy&o-chloridc, m.p. I55.5 ,156.5’ (dcc). pKo 2.84, v,,.~ 3175. 1736. 1689. 1536cm * 
(f’ound: C, 45.1; H, 7.2; N. 10.8; Cl, 13.3. C,,1f,,O,N,<‘I rcqulrr!: C. 45.1; 14. 7.2; N. 10.5; 
Cl, 13.3 S’,). 
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1 -(l’-Ccuboxy-l’-rne,hyl~rf~ I_4,4_dinterhylimid4to/-5_oru (V; R’= H), and 0s methyl ester (V; 
Iv- MC) 

(a) z-Mcthylalaninc methyl cstcr (I.17 g. 10 mmola) and ethyl orthoforrnate (0.x) g. 3.4 mmoles) 
were hcatcd to rcflux for 8 hr and allowed to stand overnight. Evaporation and crystallization of 
the residue from ether-light pctrolcum yielded the imi&:olonc ester (0.584 g, 81”,), m.p. 87.92’. 
raised by recrystallization to 915-92.5” (Found: C, 56.6; H, 7.7; N. 12.9. CloH,,O,NI rcquircs: 
C. 566; H, 7.6; N, 1%2:& 

(b) The amidinc (111; R’.‘.CMc,CO&ic, 2.30 g) was heated in a sublimation tube at 140” 
In wcuo for scvcral hours. The loss in weight was 0.31 g; in a scparatc experiment conducted at atm 
press. the evolved methanol was collcctcd and idcntificd (infra-red spectrum). The subliming methyl 
cstrr (@OS1 g, 2.5 P/n) was colicctcd. and after rcsublimalion in racuo had m.p. 88-91”. The involatile 
residue 11.93 g, 9?q/,), m.p. 209 212’. crystalli?red from water as the cur~xylic acici mono+&ze 
(Found: C, 50.1; ii. 7.5; x, 13.1. C,H,,O,NI+l& rcquircs: C, 50-O; Ii, 7.5; N, 13.00,;). 
Drying at 100” and 0.5 mm press afforded the anhydrous acid. m.p. 21 l-212* (Found: C, 54.9; 
H. 7.1; N, 13.X. C.lI,,O,N, rcquircs: C. 54.5: ii, 7.1; N. 14.1 O/b). Diazomcthanc converted the 
acid to the above methyl cslcr (m.p. and mixed m.p. X8 .YI’). 

I+-reci specfru of formamiditfes 

Dtphcnylfr~rmamidinc, (m.p. t39 1, rrn,= 1681. 16661. 1587, 1488. 1462. In chloroform, vrnsI 3390 
fwcak), 1653. 1592. 1488. Diphcnylformamidine hydrochloride (m.p. 248-250 ), vITIIf 3086. 1704, 
1623. l<fiS. 1572. 1502, 1462 and 1456cm ). 

I)icyclohcxylk,rmanridine, dimorphic, form A (ncctilcs. m.p. 99-101”. Found: C, 75.0; H. 
11.65: N, 13 1. Calc. for C,,lIl,S,: C. 74.9; lI. 11.6; N. 13.450,,). vmrr 3226. 3040, 1639 and 
lS4Hcm ‘. in chloroform, ttsr 2907. 2857, 16% and 1447 cm I. Form R (prisms, m.p. 100 102’) 
tsrnlx 3205, 3125 and lf%Qcm I, (idcnlical to form A in chloroform solution). Cirundmann and 
Krcutrbcrgcr“ give m.p. 106”. Di~yycloht*.~~ffortttuwti~ine hwtrochluride, m.p. 229.,230 (dccf (Found: 
c‘, 63.X: ll, 9.85; N, 11.X. C,,Ii,,N,CI rcquircs: C, 63-X; Ii, 10.3; N, 11.45:;). ~‘rnu 3165. 1695 
and 1563 cm I. 
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