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AbbwC5~2’-Bentamidorcyloxy)chiszoles arc formed by the reaction of N-Uobcnroyl-a-amino-kids with 
trifluoroacetic anhydride. Corresponding csten on similar treatment undergo isorteric !GO excham. givi- 
N-bcnxoyle-amino-acid esters. While thcsc are further examples of the differences shown in the reactions of 
N-(2-carboxyalkyl)thiobcnxarnides compared with their bcnxamidc analogucs. N’-thiobcnxoyl-a-atnin~~~AI 
amides arc fouod to undergo ‘cyclixation in trifluoroacctic anhydride to give 5-trifluoroacetamido-thiaxoles. 
following the xamc reaction path ax t&ir N-bcnxoyl analo~~~~s. Terminal N-thiobcnxoyl dipcptidcs give 54N-2- 
c&oxyalkyl)trifluoroacetamido-thiaxoks on treatment with ttiRuoroacetic anhydride. and it ix ertablixbcd that 
trifluoroacctic anhydridc fails to ckrvc the amide group of terminal N-thioacyl dipcptidcs. and is therefore not a 
suitabk reagent for Edman-type xcqucncc analysis of polypcptides. 

Tbc prcxcnt work completer a project establishing routes from a-amino-acids to thiazoks carrying a hetero- 
atom (0. N or S) at the S-position. 

Trifluoroacetic anhydride has been used for the cyclisa- 
tion of N-bcnzoyl-o-amino-acid amides to s- 
trifluoroacetamido-oxazoles,’ and has been claimed2 to 
be effective for the cyclisation with concomitant 
cleavage of terminal N-phcnyltbiocarbamoyl pcptides 
(i.e. the second step in a cycle of the Edman sequence 
analysis of polypcptides). Since we have established 
routes to S-acetoxy-’ and 54Sacctylmcrcapto)-4 
thiazoles from cl-amino-acids via N-thiobcnzoyl dcriva- 
tives, and demonstrated a pcptide sequencing procedures 
related to the Edman method, employing terminal N- 
thiobcnzoyl pcptides (1; R’ = NH-CHR'XH . . . . . .) in 
which the possibility of using trifluoroacctic anhydride as 
ckavage reagent appeared attractive, the reactions of 
representative N-thiobcnzoyl-a-amino-acids and their 
esters and amides, N-thiobcnzoyl peptides. and other 
thiobcnxamides, with trifluoroacctic anhydride have been 
Studied. 

Reactions of N’-thiobmzoyl-L-a-amino-acid amides 
with tripworvacetic anhydn*de 

N’-Thiobcnzoyl-L-leucinamidcd (1: R’ = CHfHMs. 
R*= NH3 dissolved rapidly in excess trifluoroacetic 
anhydride, with the formation of a transient wine-red 
colour, to give the corresponding S-tiuoroacetamido- 
thiaz.ok (2; R’ = CH2CHMe2) after evaporation of the 
reaction mixture and trituration of the resulting crystal- 
line residue with aqueous sodium hydrogen carbonate. 
The corresponding L-phenylaianine derivative (1; R’ = 
PhCH2, R2= NH2) dissolved more slowly in 
tritluoroacetic anhydride, but gave the analogous 5- 
trifluoroacetamido-thiaxole (2; R’ = PhCH2). 

The course of this reaction is as expected by analogy 
with the formation of 5-trifluaraacetamido-oxaxoles from 
N-benzoyls-amino-acid amides by treatment with 
tritIuoroacetic anhydride.‘*’ In principle, oxazoles (2; 0 
in place of S) might have been formed by hetcrocy- 
clisation of the thiobenxoylamino-acid amides, based on 
Pkury’s mechanism,’ but these were not found in rcac- 
tiott tttixttttes. Formation of 5-amino-thiazoks, rather 

than oxazoles. has been reported for the heterocy- 
clisation of isomeric thioamides 
RCO~NH4ZHR’-CS~NH2 in hot polyphosphoric acid.’ 
and the formation of a 540xythiazole9 by the reaction 
of the No-acetyl amino-acid amide McCO*NH* 
CH(C&Et)CO.NH2 with P4.%0 (SttBB~Sted~ to Proceed 
h the &ioacctamide) also indicates preferential for- 
mation of thiazoles in reaction of tbcsc general types. 

The report’ that N-phenylthiohydantoins arc formed, 
via 2-anilmothiazol-5(4H)-ones (3; PhNH in place of Ph). 
by treatment of N-pbcnylthiacarbamoylpcptidcs (1: 
PhNH in place of Ph, R’= NHXHR'CO, . . . . .) with 
trifluoroacetic anhydride, implies that a different course 
for the hetcrocyclisation reaction in this case is detcr- 
mined by the different thioacyl substituent. We have 
already shown’ that N’-thiobcnzoyl-a-amino-acid 
amides (1; R’= NH3 and terminal N-thiobcnzoyl 
peptides (1; R’= NHCHR’CO.. . . .) are cleaved in 
quantitative yields by tiuoroacetic acid to give 2- 
phenylthiazol-S(4H)nes by -CO-NH- ckavage. and it 
was expected that trifluoroacctic acid produced by the 
reaction of these compounds with trifluoroacetic anhy- 
dride would react to give thiazolones as secondary 
products (l-+2+3). The results reported2 for the use of 
trifiuoroacetic anhydride in an Edman polypeptide 
sequence analysis might therefore be accounted for on 
the basis of the reaction of trifluoroacetic acid with the 
N-phcnylthiocarbamoyl peptide, which is the usual 
reagent for the cleavage step in the Edman method.” 
However, N-thiobcnzoyl dipeptides”.” were found to 
give 5 - (N - 2 - carboxyalkyl)trifluoroacetamido-thiazoles 4 
by dissolution in trifluoroacetic anhydride, evaporation, 
and wituration with water, and therefore this reagent is 
unsuitable for the cleavage step in the stepwise degrada- 
tion of polypeptides via terminal N-thiobcnzoyl deriva- 
tives. Control experiments in which an N-thiobcnzoyl 
dipeptide was dissolved in tril’luoroacetic acid, and the 
solution was evaporated after a few minutes at room 
temperature. followed by trituration with water, gave the 
thiazolone 3 and an aqueous solution. shown by TLC to 
contain the C-terminal amino-acid. whii the same pro- 
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cedurt using biotic dye gave an aqueous 
solution coataioing no tmce of amino-acid. Evidently, 
N-~~~~~n occurs rapidly and protects tbc 
substrate against elcavagc by tritiuoroacctic acid present in 
tbc reaction lnixtur& 

N-Thiobcnzoyl-glycyl-~valine“ gave mcemic 5 - (N - 
Y - metbyl - 2 - ~x~~l~uor~~ - 2 - 
phonyhhiaxole on tmatntcnt with trifiuoroaco tic anhy- 
~;~~~~~~~k~~~~wi~ 
analytkal data close to tbosc rcqiru! by the salt (5; 
R’ = H, R*= iPr) which &owed IR absorption at 
~ncks cbamct&tk of o~-S(~~~~s and 
oxaxoIidin-knees, thus accounting for the raccmisation 
of the C-tcrntmal amino-acid residue- This intcrmcdiam 
was readily converted into the ~~~~ product by 
treatment with water. 

A representative Rdman N-mrminal analysis, in which 
N-phenyltbio&mtnoyl-~~-alanyl-~~-pltenyklunioe was 
treated with arcs anhydride and worhcd up as 
above, gave no trace of pbctl~, whik_ a co$@ 
experimetbt using ‘.~~~~ acid gave S-tncthyi-3. 
~Ey~hy~tok together with ~~~ny~. It 
must be presumed that tbc technique used in the procedure 
for polypcptidc scquancing using ~~ adbY- 
d&k2 in which the p~nyl~~~yk~ peptide is 
placed on a paper strip, then treated with tbc anhydride, in 
fact involves ~~r~~ acid as the effective roagcnt, 
~bkh is libtmd by reaction of the aohydridc with 
cellulose and adsorbed water. 

Further studies of the reactioas of torrninal N- 
thioacykted ptptides with trilluoroacttic anhyd&k arc 
beit@ pursued* 

~~~~ of ~-f~~yl~-am~-ac~ wifh 
rf&wnmctric n&&&k 

~0~ no study has beon made of the reaction of 
N-~~yl~~~~ with trithtoroacctic anhydride, 
tl~y should be expected to bcbave lihe N-trilluoroacetyl- 
a-amino-acids (wbicb give 2-triiluorometbyloxaxol- 
5(4H~nCs’3, 

N-Thiobeoxoyl-a-amino-acmiao-acids’” were inclodcd in the 
present study since in the most paual application of OUT 
l!dnwt-type polypept&k dcgmdation (i.e. pcrfortncd on a 
peptide with an uoknown mnnbcr of amino-acid rcsi- 
dues), the C-tormirud amino-acid would be cn~~~d 
as an N-thiohcnxoyl derivative. Unexpectedly, S-Q’- 
~~oxy~ks 6 were formed in high ykld 
when N-~~~yl~-~k~~ (1; R’= OH) were 
dissolved in trifhmroacctk anltydrkk. spcctro!4copic data 
readily distinguished bctwcon tbc structure assigned (0 
and the isomeric .54&hiobcnxamidoacyloxy)oxaxole 
fortnnlation; in partMar, the nltraviokt absorption fea- 
tunoftheproductsU,, 308MI) is closely sir&u to 
tbat of 5~tox~l~s~ and differs from the absorp- 
tion feaalrcs of the tltiobenxanndc chrotnophore (AA, 
ca.24&2#,380nmY~“” which would be shown in spectra 
of the isotncric structure. 

The course of the conversion of an N-tbiobenxoyl-a- 
amino-acid (I; R’= OH) into a S-@‘-ben- 
~~ykxy~le 4 can be explained by the 
concurrent formation of thiaxobnc and oxaxolone prc- 
cursors resulting from the competitive trifhroroacctyl- 
rtioPofNaadSotomsofthethioamidc,~showaia 
Schcnte 2. 

Good analogy for this mechanism is prow by 
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recent studks of the reactions of “Olabelkd aroyl- 
amino-acid amides (1; 0 in place of S) witb 
tritluoroacetic anhydride.’ Depending on the structure of 
the aroyl substituent, either carbonyl oxygen atom can 
appear as the ring oxy@n in the resulting 5- 
tritlooroacemmidooxazole.’ Evidence for tritluor~- 
acetyktion of a thioamide grouping, resuhing in loss 
of stdphur by replacement by oxygen, has been 
obtained in the present work, and is discussed later in 
this paper in the section dealing with the reaction of 
tritluoroacetic anhydride with N-thiohcruoyl-u-amino- 
acid esters; the remaining step in Scheme 2 for which no 
precedent exists is the formation of the 5-(2’-benzamido- 
acyloxy)thiaxok 6 from an oxazobne and a thiazolone. 
This reaction has been shown to be very easily achieved 
by bringing to$ther the reactants in solution at room 
temperature,‘~ ’ and tberefore can occur either before 
or after work-up with aqueous sodium hydrogen 
carbonate. 

An altemative reaction scheme can be considered in 
which the thiobenzoyl amino-acid is converted into a 
thiaxol-5(4H)-om by reaction with tritluoroacetic anhy- 
dride, and thence into a 5-(2’-thioben- 
zamidoacyloxy)thiaxok (6; PhCS in place of PLCO), 
followed by isorteric S-O exchange as demonstrated for 
other N-thiobenxoyls-amino-acid esters (de infm). We 
have suggested” that the relatively rapid ncemisation of 
thiaxol-5(4H)-ones in solution, and its q arhed ac- 
celeration by carboxylic acids, can be accounted for on 
the basis of an equiliirium involving two mokcuks of 
the thiaxolone, and (6; PhCS in place of PhCO). Against 
this background of feasible processes, some further in- 
cidental support is provided by the fact that many 2- 

pbenylthiaxol-5(4H)-ones 3 are not stable on prolonged 
storage, in contrast with corresponding oxazolones 
(which may, however, slowly revert to their parent N- 
benxoyl-a-am&acids in moist air). &tr earIkr 
reference’ to the instability of 4 - isopropyl - 2 - phenyl- 
thiazol - 5(4H) - one (3; R’= CHMe3 can now be 
understood in terms of a tendency to undergo desul- 
phurisation by this route; tl~ colourless crystaRine 
material which separates from samples of freshly-pre- 
pared material is now shown to be identical with a 
sample of 5 - (2’ - benzamido - 3’ - methylbutanoyloxy) - 
4 - isopropyl - 2 - phenylthkz.ole (6; R’ = CHMe3 pre- 
pared from N-thiobenzoyl-r&-valine and bitluoroacetic 
anhydride. Aged samples of the 4-metbylthiazolone (3; 
R’ = Me), which in contrast to the isopropyl analogue 
exists in the solid state and in the hydroxythiazole tau- 
tomeric form, are substantially pure after I month but on 
longer storage can be shown to contain elementary 
sulphur. Although no desulphurisation product (6; R’ = 
Me) could be isolated, and these samples were better 
than 7096 pure after 3 months as shown by acetyktion 
(Aclo/pyridine) and extraction of the stable 5 - acetoxy - 
4 - methyl - 2 - phenylthiaxok, the same slow ac- 
cumulation of 5 - (2’ - benzamidopropanoyloxy) - 4 - 
methyl - 2 - phenyhhiazole (6; R’ = Me) can be consi- 
dered to be the main cause of deterioration. 

The ahernative reaction scheme just described, 
however, seems to be rukd out by the fact that 2- 
phenytthkzol-5(4H)-ones do not react with 
tritluoroacetic anhydride to give S-benxamidoacyloxy- 
thiazoler 6. Ahbough by analogy with their reaction with 
acetic anhydride,’ thiaxol-5(4H)ones are converted into 
5-trifluoroacetoxythiaxoks in bithtoroacetic anhydride, 
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these derivatives are converted back into starting 
materials on hydrolytic work-up. 

A further basis on which this alternative mechanism 
may be Nkd out is the failure of reaction mixtures 
containing an N-thiobcnzoyls-amino-acid and 
trifluoroacetic anhydride to develop the intense wine-red 
colour which, aa described in the next section, is a 
characteristic feature of solutions of N-thiobcnxoyl-a- 
amino-acid esters in trifluoroacctic anhydride. 

N-Thiobcnzoyl-L-a-amino-acids gave racemic S-(2’- 
bcnzamidoacyloxy@iazoks 6 by reaction with 
triliuoroacctic anhydride. This fact is consistent with 
both mechanistic schemes discussed above; oxazol-S- 
ones, and especially thiazol-S-on~s,‘~*” are readily 
racemiscd by carboxylic acids (rapidly by tritluoroacetic 
acid”). and the product 6, and the intermediate (6; PhCS 
in place of PhCO) involved in the alternative mechanism. 
arc “active esters” of N-bcnzoyl-a-amino-acids and N- 
thiinzoyl-o-amino-acids, respectively, and therefore 
especially prone to racemisation.‘“” 

N-Trifluoroacetylation of amides was not considered 
by Fkury et al.’ when presenting thcii mechanism to 
account for the distribution of the label following cyclis- 
ation of %-labelled aroylamino-acid amides. Our results 
support Pleury’s mechanism, but also involve an N- 
tiuoroacetyl-thioamidc intermediate (Scheme 2). as 
well as accepting the general assumption that amides arc 
trifluoroacctylated on nitrogen.“.” In addition to the role 
of electron-release from UK aryl substitucnt. stated by 
FIeury et 01.’ to account for the distribution of the label 
in the heterocyclisation products, the differences in elec- 
tron-release properties to be expected for an N- 
trifluoroacetylatcd primary amide compared with a cor- 
responding secondary amide should be considered to 
contriiute to the observed cycliition pathways for N- 
bcnxoyl-o-amino-acid amides. 

Reactions of N-thiobmwyl-a-amino-acid esters (1; 
R’= O-aikyl) and other thiobazamides with 
ttifiotvacetic anhydtide 

N-Thiobcnzoyl-L-leucinc methyl ester (1; R’ = 
CHKHMCZ, R’ = OMe) dissolved readily in excess cold 
tiuoroacetic anhydride to give a wine-ml solution. 
Unlike the reaction mixture resulting from dissolution of 
the corresp&iing amide in trifluoroacetic anhydride, in 
which the colour persisted for only a few seconds, the 
colour faded slowly during 90min by which time the 
absorption maximum at 495~1 had disappeared. 
Evaporation and uituration of the residual oil with 
aqueous sodium hydrogen carbonate gave N-benzoyl-L- 
lcucine methyl ester 7 in good yield. N-Thiobcnzoyls- 
amino-acid esters have been shown” to yield cor- 
responding 2-phcnykhiazol-5(4H)ones 3 by prolonged 
reaction with trifluoroacctic acid, but this reaction 
pathway was not followed with tritluoroacetic anhydride 
as r&gent since the crude product showed no absorption 
features beyond 280 nm. 

Thiobcnzamidc itself, and N-(Z-carboxy- 
ethyl)thiobcnzamide, were also readily soluble in tri- 
fluoroacetic anhydride to give wine-red solutions, but 
were recovered unchan@ after evaporation. Si the 
colour in these cases persisted for as long as the solu- 
tions were stored, the relatively short-lived intermediate 
involved in the conversion of an N-thiobcnzoyls-amino- 
acid ester into its bcnzoyl analoguc with triiluororcctic 
anhydride must receive assittance from the eater group 
ing when reacting further with WIuoroacetic anhydride 

(or trittuoroacctic acid or its anion) to bring about the 
S-O exchange. The intermediate involved in these reac- 
tions shows absorption some 1OOnm to longer 
wavelengths relative to tbat shown by the thiobcn- 
zamides, and a likely structure for the intermediate is the 
N-tritluoroacctyl derivative; it is known“ that N-acetyl- 
ation of simpk tbioamides causes shifts to longer 
wavelengths of up to 80 nm. providing reasonable 
support for this conchion. Since the present work pro- 
vides exampks of So exchange, evidence for both N- 
and Strilluoroacetylation of thiobcnzamidcs has been 
obtained. 

-AL 

Microxndyscs were by Mr S. Bxnce md St& May & Bxker 
Ltd., ~&am. Essex. Circular dicbroism &ta were determined 
usinp I Ruussd-Jauan Dichosnpbe Model II xt tbc Ikprrtmcnt 
of Biochemistry. University of Oxford. Optial rotations were 
determined using x P&in-Elmer polxrimetcr model 241. 

Pmpanztion of N-thiobmzoyl-a-amino-acid detivatiorr and 
telatai thiobmzamides 

l%iobcazoyWon of u-amino-acids and their cstcn and amides 
wu unied out in neutral 4ueous solutions using carboxymetbyl 
dithiobcnxoxte.‘* The follow& procedure ic typical: a soln of 
L-pbcnyW8nine xmide (0.463r) xnd cuboxymetbyl ditbiobcn- 
xoxte (0.5% 8) in N-sodium hydroxide (2.8 ml) wu set aside at 
mom temp. de 6 b. N-TbiobenxoyCL-pbcaylalxninc amide 
(0.72~: %l%) sepxratcd dtilu tbk time u yellow rbomb. m.p. 
184-F from- EiOAc. Found:-C. 67.6; H. j.6; N. 9.7; S, lL3. 
C,JH,JGOS rcauirca: C. 67.6: H. 5.65: N. 9.85: S. 11.3%. Kiacr’ ._ ._ _ 
records m.p. I&-IV for the mco&ound. prepared by-am- 
monolyaia of N-tbiobcnxoyl-~~-pbcnyWIlline ethyl ester. Otbcr 
N-substituted tbiobcnrAdcs used in tbc present work were 
known compounds,‘uDt3 the N-tbiobenxoyl dipeptidcs being 
pnpved either from the dipcptides tbrougb tbc procedure 
above,” (dycyl-kucine. glycyl-V&DC) or by ryktion of xn 
M&+&J by I +subs&tcd 2pbcoyM~ii-S(4Hknc (kucyl- 
Jycinc).” 

Reaction of N-thiobmzoyl-L-lrucinamide with trifiomacetic 
de 

A soln of N-tbiobcnxoyl-L-leucinamide‘ (0.94 g; 0.0038 mok) in 
triduororcctic anhydride (7 ml) beume colourku within x few 
seconds, hsving pxsscd from a pale yellow to I wine-red cdour. 
After IOmin. cyIporotion llld &&ion of tbc crystdlii resi- 
due with 3% m NIHCO. ervc 5-tri&roxcetxmido+iit~l-2- 
pbenyltbixxok i2; R’ = &CHMc&. 0.72 8 (58%). m.p. l&129’ 
from bcxxne. Found: C, 54.8; H, 4.5: N. 8.3: S. 9.6. 
C,,H,,N,OSF, m&es: C. 54.8s: H, 4.6; N. 855: S. 9.75%. v,, 
(Nujd): 3300. 1700. Il70cm-‘. A, (&O): 308 MI (e 12.000). 

Rcactioa of N-thiobmwyl-L-phmyialank ~lidr with 
tti#&nvacetic anbydtide 

N-Tbiibcnzoyl-L-pbcnylrlrnine amide (0.465 g; 0.0016 mok) 
dissolved in trilluoroacetic anbydride (2 ml) witbin I min to give a 
pink emulsion, wbicb becxme colourkss witbin 2min. Work-up 
u for the kucinc rndosuc (prccedbu pmglph) PVC S- 
tiuor~txmido+bcnxy~2-pb&ylthiuok (2. R’ = CH,Pb). 
0.38 g (64%). q .p. I IT titer cIuomxtoOnphy 00 tiIia gel. elution 
with 5% EbO in bcxxne. mnd crysWlisuion from bcunc. Found: 
C. 59.4: H. 3.6; N, 7.8; S. 8.8. C,,H,,N@F, requires: C. 59.65; 
H. 3.6; N. 7.75; S, 8.85%. r_ (Nujol): 3340, 1700, ll7Ocm-‘. 

Reaction oj N-thiobmwylglycyl-L-mlbu with t+orvacaic 
dYMdr 

A soln of N-thiobcnxoylglycyl-L-valinc” (0.433 g; I.5 mmol) in 
trifluocoxcctic lnhydridc (3 ml) wu evrpontcd rlter 5 mio. md 
tbc naidud oil WM tritumted with water to give 5 - (N - 2’ - 
arboxy - 3’ - methyl butylvt& - 2 - pkoyl - 
thiuok (*. R’ = H. R’ - ?r). 0.32~ (57%). m.p. 14&l49’ from 4 
MeOH. Fcund: C, 51.3; H. 4.05; N. 6.95; S. 8.4. Cl,Hl,NIO,SF, 
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requires: C, 51.6; H. 4.05: N. 75: S. 8.6%. v, Wtjol): 3400. 
3180, 1725, IlSOcm-‘. 

Slow evapomtion irr sac14 of an identical reaction mixture 
gave crystals of the spiro-wmpound (5; R’ ~1 H, R’ = ‘Pr), r.p. 
61. from trilluoro&cetic m&drib, 0.388 02%). iof, 0.000’. 
A_(f$O) 292 nm (e 8000); vur (Mtjol): 2700, USO, 2470, 
HQOcm-‘. Fouad: C. 45.6.43.1: H. 3.44. 3.09: N. S.76. 5.73; S. 
6.97. C,H,,NxG$F, ru&s: C, 44.45; H, 3.3; N, 5.75; S, 6.6%. 
&rtlkr weah absorption featmet in the lR spectrum cor- 
m~~nptothoserhownbyS-(N-r-cuboxy-3’- 
meth ibu~l~uo~~~o - 2 - phenyl - tbiiok (4; R’ = H. 
Rx&r ) tqtgested tlmt 5 was readily cottverted into 4 by at- 
mospheric moisture, and the m.p. of the sample of 5 rose to 81” 
and ‘lO&ItYJ’ duriug 3 and 5 days, respectively. The sample was 
rcadilv converted into (I: R’= H. R*=‘Pr) by rubbina with 
water; giving a sampk rn.p; and mixed m.p. 148-149’. - 

‘fbe aqueous soln obmined when 0.0531. N-~~~ywycyl- 
L-valk was treated as above with tfiauomtic adiy~. 

followed by evaporation and t&oration with water, co&nod no 
trace of valine. as shown by TLC on silica gel using n- 
but~ol:acctic acid: water = 6:2:2 for development. An i&&al 
experiment using tti&toroacetic acid showed that quantitative 
cleavage into valine had occurred (TLC) and 2-phenyl~l- 
S(4H)one.’ 

React&m of N-thiobtnwyl-tx- and r-lurcyl&cinr with 
tn$torvacetic anhydtide 

Treatment of N-tbiobetuoyl-&eucylglycine” with 
trifhtoroaatic anhydride and work-up as described from the 
reaction with N-~~~ywyc~~-v~~ gave 5 - (N - 2‘ - 
carboxy - 4 - rne~~~n~l~o~~~o - 2 - rrbett~l- 
thiiok (4; R2=Ji, k’= eu), 65%. m.p. 181-W from aq 
MeGH. Fotmd: C. 52.1: H. 4.3: N. 7.3: S. 8.6. C,,H,,N,O.SF. 
requires: C, 52.8; R, 4.45; G, 7.25: S, 8.3% The N-thioben;oyl-t-1 
peptide PVC the SUN prOdUet, (010 0.m (CH&), with 
superimpowbk fR spectra- m.p. and mixed m.p. 187-188’. 

Rmciioa of other N-thkbatwyl-pcpridu with tnipvorooertie 
anhydride 

Smnll-scpk expctimca~ mooitorcd by TLC, as described for 
N-thkbenxoylglycyl-L-valine. performed with N-thiobenxoyl 
derivatives of tn.-kucylglycyl-glycine, glycyl-L-proline, and DL- 
~~ywy~ne, simiily proved that no peptide bond ckavage 
occurred in toactions witb trifluoroacetic anhydride. 

N-~my~htocalbamoyi-~-~~y~-~-~y~~~e 
T& derivative was prepared from the dipeptide and phenyl 

isothiocyanate according to Edman’s m&od~*t~1t bad m.p. l59- 
1600 from aa. EtOH. Found: C. 61.1: H, 5.65: N, 11.2: S. 8.8. 
C,,H2tN,0iS requires: C. 61.6; H. 5.7; N, 11.3: S, 8.63%. 

Rcoctior of N-phenyl t~arbamoyl-m-oyl-~-p~y~~~e 
with ttijluomocctic anhydride 

Reaction with tiuoroaatic anhydride and woth-up as 
descrii above for N-thiinxoylglycyl-t.-valine gave an 
aqueous soln containing no pbcnyiahinc, T~o~ty~~ 
reaction product, obtained in solid form but witb variabk m.p. 
near !M-%*, gave enntic analytkal data approximately consistent 
with the condensation of the N-pbenylthiocarbamoylpeptide with 
two moles CF,CG$l. Found: C. 51.3; H. 3.55: N. 8.2; S. 7.1. 
C&sN,O,SF, requires: C. 49.1; H, 3.2; N, 7.45: S, S.746. 

Reaction of N-thiobenzoyl-a-ambwrro-acidr with tt@totvacetic 
anhydtkie 

N-‘lltiobenzoyl-ok-lcucioe’ (1: R’ - CHICHUes, R’ = OH), 
0.438 (1.7 mmol) didvcd rapidly, with evolution of beat. in 
tiuoroacetic uabydddc (4ml), Evapomtion in WC&~, aad tri- 
turatioa with 3% aq. NaHCC&, gave 5 - (2’ - bcnza&o - 4* - 
~~~n~ybxy) - 4 - isobutyl - 2 - phenyl~ole (I; R’ = 
CH&HMe& 0.328 (83%). m.p. llbll7’ from Et&bexane. 
Found: C, 69.1% H. 6.75; N. 6.65~ S, 7.35. C,l&N,O,S requites: 
C. 69.3; H. 6-f; N, 6.2; S. 7.1%. au (Nujol): 3380, 1720, 
1630cm“. A&Et,01 307 nm (c 11.900). 

N-Thiobeaxoyl+leucine, treated in the same way, gave the 
identical product, [oh, O.OOtY (CHsCI1). 

N-Tbiobenzoyl-~~-ahniac~ (1; R’ = Me), 2.31 g (10.5 mmol) 
treated in the same way, gave 5 - (2’ - ~~idop~~ybxy) - 
4 - methyl - 2 - p~nyl~le (i; R’ - Me), 1.726 (86%). m.p. 
ISO-lSt* from E~O-ftexatm. Four& C. 65% H, 4.8: N, 7.6; S, 
B.S. Cs,H,sN20,S nquires: C. 6555; H, 4.95; N, 7.65; S. 8.75%. 

N-Thiobenzoyl-n~-butyrine~ (I; R’ = Et), 1. I14 g (4.8 mmol) 
treated in the same way, gave 5 - (T - benxamidobutanoyloxy) - 4 
- ethyl - 2 - phenylthiaxoIe (& R’ = Et), 0.87 g (66%). m-p. 
116-l IT from acetone-hexane. Found: C, 669; H, 5.65; N, 6-P; S. 
8.0. CtlHmN20,S requites: C. 66.95; H. Sb: N, 7.1; S, 8.15%. 

N-Thiobenxoyl-nt--valinc’ (1: R’ = h), 0.73 II: (2.9 mmol) 
treated in the same way, gave j - (2 - benramido~ 3’ - methyl; 
bumnoybxy) - 4 - isopropyl - 2 - phenyl - thiazolc (6; R’ = ‘RI, 
0.53g (SS%). m.p. 107-RNP from CH,Cl,-hexane. Found: C. 68.2: 
H, 6.35; N, 6.65: S. 7-5. C&l,N,G$-re&res: C, 69.2: H. 6.2; N: 
6.65; S, 7.6%. A,, (MeOH) 394nm (c 1 l,ooO). NMR (C*HCl& + 
8.92 (CHMc,, IW. two superimposed quartets). 7.69 (m, lH, 
CWe& 6.80 (m, la, CYMe& 4.95 6. llf, CJ$CHMe& 3.39 
(d, 1H. NH), 2.50 (m. 6H. C.H,l. 2.10 (m. 4H. C&l. This 
compound was &t&al with ; c&tpound ~hich~se&ted on 
standing from 4 - isopropyl - 2 - p~nyl~~ol - S(4H) - oneJJ3 
prepared by cyclisation of N-~~n~yl-~-v~ine with dicy- 
clohexykarbodi-imide” and distillation in uacuo. 

Reaction of 4 - irobutyl - 2 - phenylthiatol - 5(4H) - one with 
trijlrconxlcuic anhydnidc 

The thiaxolom’ (1.2g) dissolved in the anhydride to give a 
colourless soln, without evolution of heat. Evaporation gave a 
colottrkss oil, from whkh a pale yellow solid m.p. 118-I 19’ was 
obtained on t&uration with 3% aq. NalfCOl, which had m.p. 
I@-121” on crystallkation from Et,O, IR similar to that of the 
stat&t material. 

Reactiott of N-t~~zoyl-i-i~~~t muhy~ tar w&h 
tripyomacnic ttnhydt&iz 

A soln of N-thiobenxoytL-kucin methyl ester.* Inlo+ 58.6’ 
(c 0.432, CHIC13 (0.934g: 3.5 mmol) in trilluoroacetic anhydride 
(5 ml) slowly lost its wine-red cobur during I h at room temp. 
The circulu dichroism of the soln. At -0.41, at A,, 495 nm, 
slowly decmased to xero during cc. 90 min. Evaporation in DOCUO 
after 2 h gave an oil which on trituration with 3% an NaHCO, 
gave N~~oyl-L-kuci~ metbyl ester (0.553 g; 63%); m.p. log 
lo$ from hexane (lii” mp. 1051020). Found: C. 67.7; H, 7.6% 
N, 5.4. Calc. for C,,H,,NG,: C, 67.45; H, 7.7; N, J.6%. 

Rtwction of other N-substituted thiabtnzamibrcr with 
t@totvacetic &yd&ie 

Evaporation of solna of thiobenxamide, or N-(2- 
carboxyethylphiobcnxamide,~ in trifluoroacetic anhydride, and 
trituration of the residue with water, gave back the stat&g 
materials in quantitative yields. 
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