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Abstract-The mixture of adducts formed under mild conditions between a Csubstituted 2-phenylthiazol-5(4H)-one 
and an electron-deficient alkene is shown lo include a stable cycloadduct and a Michael adduct formed through the 2- 
or the dposition of the thiazolone. The reaction can be diverted towards the Michael adduct entirely, by adding 
traces of aqueous alkali lo the reactants in acetone solution. A novel type of I :2-adduct is present in the reaction 
mixture, and is shown lo be formed through reaction of the cycloadduct with the alkene. A product formed by 
extrusion of carbonyl sulphide from the cycloadduct is the same as that obtained from the analogous oxazolone and 
the alkene, but generally the differences between the propensity of oxazolones and thiazolones to undergo various 
types of addition reaction with representative dipolarophiles are shown 10 be substantial. 

Addition reactions of different types have been reported 
for Csubstituted 2-aryloxazol-5(4H)-ones (1; 0 in place of 
S), including cycloaddition reactions* and Michael addi- 
tion reactions involving either the 2- or the 4-position of 
the oxazolone ring.’ We expected that a different pattern 
of addition reactivity would be shown by 4-substituted 2- 
phenylthiazoL5(4H)-ones (1) since in comparison with 
corresponding oxazolones these compounds exist in 
solution to a greater extent in enolic and mesoionic 
tautomeric forms at the expense of the keto-tautomeric 
form, indicating a different electron distribution on ring 
atoms and on the exocyclic 0 atom in the two series.’ 2- 
Phenylthiazol-5(4H)-one (1; R = H) differs from its 
Csubstituted homologues in existing in the keto- 
tautomeric form, and like the corresponding oxazolone 
undergoes condensation reactions typical of an active 
methylene compound,’ rather than cycloaddition or 
Michael addition reactions. 

Initial studies of the reaction between Csubstituted 2- 
phenylthiazol-5(4H)-ones (I) and electron-deficient al- 
kenes soon confirmed our expectation that there would be 
substantial differences in the addition behaviour of 
thiazolones compared with that of oxazolones, and the 
broad study reported here reveals several examples of 
concurrent operation of different addition mechanisms 
involving thiazolones. with novel features in comparison 
with oxazolone reactions. In particular, thiazolone-alkene 
cycloadducts (2) are generally stable and only reluctantly 
undergo the extrusion step which is typical of the 
cycloaddition reactions of oxazol-5(4H)-ones with di- 
polarophiles.’ 

Reactions of Csubstituted 2-phenylthiazol-5(4H)-ones 
with alkenes. Alkene adducts (2-S) isolated from reac- 
tions with thiazolones under mild conditions include two 
types (2 and 4) which have not been obtained previously 
in corresponding reactions with oxazolones, although a 
cycloadduct has been assumed to be an intermediate in 
the well-established 2-pyrroline synthesis using ox- 
azolones and alkenes.2 

4-Methyl-2-phenylthiazoL5(4H)-one (1; R = Me)6 gave 
three products (2-4) on reaction with maleic anhydride in 
acetone solution at room temperature during 4-12 hr, two 
of which were I : I-adducts, and the third incorporated 
two molecules of alkene and one of thiazolone. The 

R = Me, Ph. CHMe2, 
CH,CO,H 

2: R=Me 
2a: S in place of NH, 

NPh in place of -% 
R=Ph 

1: I-adducts were respectively the cycloadduct (2) and the 
Michael adduct (3; R = Me), structure and stereochemis- 
try being assigned on the basis of spectroscopic data and 
chemical properties. We have been able to demonstrate 
that the I : 2-adduct (4; R = Me) arises by further reaction 
of the cycloadduct (2) with maleic anhydride, though we 
have not found conditions for the isomerisation of 2 into 
(3; R = Me), or vice versa, and we conclude that the 
cycloadduct (2) and the Michael adduct (3; R= Me) are 
formed through concurrent addition processes, the 
cycloadduct from the mesoionic tautomer of (1; R = Me), 
and the Michael adduct from either (1; R = Me) or from its 
enol-tautomer. Further discussion of the course of the 
reaction leading to the Michael adduct is included later in 
this paper. 

The exe-stereochemistry shown in 2 is assigned on the 
basis of NMR data, the coupling constant for the 
ring-junction protons (J = 7.0 Hz) being consistent with 
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their e&o-orientation by analogy with structure assign- 
ments to similar 2,4-diphenyl-l,3-dithiol-5-one-alkene 
cycloadducts’ (e.g. J = 9.6 Hz for endo-adduct 2a from 
N-phenylmaleimide and the dithiolone, and J = 6.8 Hz for 
the e.ro -isomer), and for corresponding 
bicyclo[2.2.1]hexanesX 

The cycloadduct (2) gave an N-acetyl derivative in high 
yield with acetic anhydride and pyridine. and it was 
unchanged after I2 hr in refluxing toluene. Its stability 
was further demonstrated by the presence of a molecular 
ion in its mass spectrum. In contrast, the putative 
oxazolone-alkene cycloadduct (2; 0 in place of S) loses 
CO> so readily that it has escaped isolation in all previous 
studies;’ however, the analogous loss of carbonyl 
sulphide from 2 is a prominent fragmentation mode under 
electron impact, as shown by a peak at (M-60) in its mass 
spectrum. 

The isomeric I: I-adduct (3) obtained from the same 
reaction mixture showed mass spectrometric fragmenta- 
tion behaviour consistent with addition of the thiazolone 
to the alkene through the Cposition of the thiazolone; 
hydrolysis into a thiobenzamidotricarboxylic acid (6; 
R = Me) with alkali, and into the corresponding amino- 
tricarboxylic acid (7; R = Me) with 6N HCI, provides 
conclusive proof of structure, and the formation of a 
pyrrolidone (8), which give an anhydride (9) on treatment 
with acetic anhydride and pyridine, through acid hyd- 
rolysis of the analogous Michael adduct (3; R = Ph) from 
2,4-diphenylthiazol-5(4H)-one, proves the erythro- 
configuration shown in structures 3,6 and 7 for the phenyl 
compounds, and this is assumed for the methyl com- 
pounds too. Alkaline hydrolysis of the I :Zadduct (4; 

CHKO,H 

AH--cO~H 

Ph-CS-NH-C-R 

CO,H 

6 

8 

NH, 

R-C-CO,H 

H-C-C02H 

CHXO,H 
7 

0 

9 
Ph ,N ,CO,H 

” Me 

H 
v 

,800H 

H :O>H 

10 

R = Me) gave the I-pyrroline (10); we deduce that 
decarboxylation of the intermediate tricarboxylic acid 
involves loss of the C-3 carboxy group since this is part of 
a fi -ketimino-acid system. 

Although the formation of 3 is easily rationalised on the 
basis of a Michael addition reaction sequence, with the 
cycloadduct (2) or the enol-tautomer of the thiazolone (1) 
acting as base, the stereospecificity of the addition might 
imply that an ene reaction mechanism operates in the 
formation of 3. The sole relevant example of an ene 
reaction arises in the stereospecific addition of 2,4- 
diphenyloxazol-5(4H)-one to 2-phenyl-3H-azirines, lead- 
ing to 11.’ Analogous adducts are formed between 
2 - benzyl - 4 - methyloxazol - 5(4H) - one and 4.4 

dimethylthiazoline-5-carboxylic acid,“’ and between 4- 
substituted 2-phenyloxazol-5(4H)-ones and alkenes or 
alkynes,’ but the stereochemistry of these adducts has not 
been investigated. 

The yield of (3; R = Me) was increased considerably, and 
the other adducts (2 and 4; R = Me) were not formed, 
when two drops of 2N NaOH were added to an otherwise 
identical reaction mixture to that leading to all three 
adducts (2,3 and 4); this tends to support the assignment 
of the Michael addition reaction mechanism for the 
formation of 3. Furthermore, the opposite stereochemis- 
try would be predicted for 3 on the basis of the optimum 
encounter mode for the reactants participating in an ene 
reaction.“’ 

0 
O// Ph 

ph)=N’i\ AR’ 
Ph y R” 

11 H 

In addition to the Michael adduct (3; R= Ph), the 
cycloadduct-alkene extrusion product (5; R = Ph) was 
also obtained from 2,4_diphenylthiazoL5(4H)-one and 
maleic anhydride. Neither the cycloadduct (2; R = Ph) nor 
the 1: t-adduct (4; R = Ph) was obtained, and although the 
yield of 5 was reduced to 5% on conducting the reaction 
under the mildest possible conditions (room temperature 
in acetone solution during 24 hr) we were still unable to 
isolate a cycloadduct, but the yield of the Michael adduct 
(3; R = Ph) was increased under these conditions. A 
similar result was obtained for the two thiazolones (1; 
R= Me, Ph) in reactions with dimethyl fumarate; 
whereas the Cmethylthiazolone gave a mixture of the 
cycloadduct (12) and the product (13) of further reaction 
with extrusion between 12 and the alkene, no correspond- 
ing cycloadduct was obtained in the reaction of the 4- 
phenyl-thiazolone with dimethyl fumarate, which gave 
two cycloadduct extrusion products (13; R = Ph) and the 
I-pyrroline (14). 

Meoy;,q;e 
H 2 CN H 

14 15 

NC H 
Ph 

Ph 

16 17 

‘“y”-r<H” 
Hi-tH 

H CN 
18 
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The two thiazolones (1; R = Me, Ph) also differed in 
their addition reactions with acrylonitrile; no cycloadduct 
was isolated in either case, but the Cmethylthiazolone 
gave the I :Zadduct (15) in low yield, while the 
Cphenylthiazolone gave as major product a Michael 
adduct involving reaction through the 2-position of the 
thiazolone ring (16). The I-pyrroline (18; R = Ph) and the 
cycloadduct-extrusion product (17; R = Ph) were also 
formed from the 4-phenylthiazolone, but in very low yield. 

Differences with corresponding oxazolone reactions 
revealed in this study, viz. the greater tendency to 
undergo Michael addition reactions shown by the 
thiazolones, and the greater stability of thiazolone-alkene 
cycloadducts, are exemplified further for other unsatu- 
rated systems later in this paper; generally, the 
thiazolones show diminished cycloaddition reactivity in 
comparison with corresponding oxazolones, and the 
nature of the Csubstituent is important in determining the 
proportions of the adducts and their extrusion products. 
The novel type of adduct exemplified by 4 and 15 arises as 
a result of the reluctance of the cycloadducts to extrude 
carbonyl sulphide, making feasible the alternative reac- 
tion path involving attack at sulphur by the alkene. 
resulting in ring-opening. The stability of the cycloadducts 
(2) is partly determined, however, by the nature of the 
ring-junction substituents. 

Reactions of Csubstituted 2-phenylthiazol-5(4H)-ones 
with azo-compounds. Whereas the 4-phenylthiazolone 
(1; R = Ph) reacted with diethyl azodicarboxylate and 
with Cphenyl-l,2,4-triazolin-3,5-dione to give Michael 
adducts (19; R = Ph, and 20; R = Ph respectively), the 
Cmethylthiazolone (1; R = Me) failed to react with diethyl 
azodicarboxylate but gave the corresponding adduct (20; 
R = Me) with the triazolindione. The adducts 20 were 
characterised by hydrolysis into the N - thiobenzoyl - a - 
(I - phenylurazol - 3 - yl) - (I - amino - acids (21); the 
hydrazine (19) on alkaline hydrolysis, however, gave only 
N-thiobenzoyl-a-aminophenylacetic acid as a result of 
hydrolytic ring-opening of the thiazolone accompanied by 
the presumed reversal of the addition reaction between 
the thiazolone and the azo-compound. 

phCOZt 

Ph 
19 

C02H 

PhCSNH.d-NJ 

Corresponding reactions reported for mesoionic ox- 
azolones” lead to cycloadducts, and the formation of 
Michael adducts from the thiazolones provides a further 
indication of the diminished cycloaddition reactivity of 
the thiazolones, The formation of 19 and 20 can be 
represented equally satisfactorily by Michael addition or 
ene addition mechanisms, though the ease with which the 
triazolindione gives the adduct (20; R = CHMe*) by 
reaction with the thiazolone (I; R = CHMeJ in CH,CI, (in 

which the thiazolone is in the keto-tautomeric form’) 
suggests that the Michael addition route is more likely to 
be the correct interpretation of the course of these 
reactions, as with those of alkenes. 

Reactions of 4-substituted 2 phenylthiazol-5(4H)- 
ones with N-motpholino-I-cyclohexene. N-Thiobenzoyl- 
amino-acid morpholides (23) were obtained from reactions 
between the thiazolones and the enamine, apparently 
through aminolysis of the thiazolone; mesoionic ox- 
azolones give cycloadducts with enamines,” together with 
N-benzoylamino-acid morpholides in some cases. 

Reactions of 4-substituted 2-phenylthiazol-5(4H)-ones 
with heterocumulenes. Although mesoionic oxazolones 
and thiazolones give cycloadducts with isocyanates,” the 
thiazolones (1) react with phenyl isocyanate through an 
alternative reaction path to give the carbamates (22). This 
behaviour is consistent with the greater nucleophilicity of 
the exocyclic 0 atom in these compounds, in comparison 
with correspondingly-substituted oxazolones, as already 
revealed in the behaviour of thiazolones and oxazolones 
towards acetylating agents. While thiazolones yield 
S-acetoxythiazoles with acetic anhydride,‘* oxazolones 
are unchanged by similar treatment; indeed, cyclisation of 
a-benzamido-acids with acetic anhydride is a standard 
preparative procedure in the 2-phenyloxazolone series. 
Acetyl derivatives of oxazolones formed under different 
conditions have been shown to involve the 4position of 
the ring,‘” though recently’” the intermediacy of N- 
acetyloxazolonium betaines has been advocated to 
explain the formation of N-acetyl-2-pyrrolines and 2- 
diacetylamino-cyclobutanones in oxazolone-alkene-acetic 
anhydride reaction mixtures. 

No adducts were formed between the thiazolones (1; 
R= Me, Ph) and phenyl isothiocyanate or carbon 
disulphide, although mesoionic counterparts of 1 have 
been shown to give the products of cycloaddition- 
extrusion with these heterocumulenes.” 

Reactions of 4-substituted 2-phenylthiazol-5(4H)-ones 
with alkynes. In contrast with results described in 
preceding paragraphs, the reactions of thiazolones with 
dimethyl acetylenedicarboxylate to give pyrroles are 
entirely comparable with those of corresponding ox- 
azolones.* Pyrroles (24; R = Me, Ph) prepared in this way 
were identical with those obtained from corresponding 
oxazolones (1; 0 in place of S) with dimethyl 
acetylenedicarboxylate in refluxing xylene during 5 hr. 
We find, however, that pyrroles are formed under mild 
conditions (room temperature in acetone solution during 
24 hr) when thiazolones are used in this synthesis. 

N-iYR 

PhASA 0-CO.NHPh 

22 

P n 
PhCS. NH.CH.CO,N 

\p 
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ph7i”d MeO?C COMe 
24 





Addition reactions of thiazol-5(4H)ones-!I 515 

upper phase from an ~ujlib~ted n-butano! : acetic acid : water 
mixture (4: 1:s) as eiuant. 50 Ml fractions were collected, and 
those shown by TLC to contain a single ninhydrin-positive 
component (RF O-07 in o-bu~ol : acetic acid: water = 4 : I : 5) were 
combined and evaporated. The residue on crystallisation from 
water gave 7 (R = Me), 0.089 g (! 1%). as the hydrate, m.p. IS l-2”. 
(Found: C. 376; H.62: N.63. C,H,,NO,, HZ0 requires: C, 37.65; 
H, 585; N. 625%); IR (Nujol): v,,,., 3100 (NH), 1700 (CO?H), 
1610 cm-’ (CO,-); MS: m/e 70 (43%). 97 (22). 119 (8). 142 (IO@, 
177 (6) 205 (MT, 0.3). 

Hydrolysis of S-(2,5-dioxotetrahy&rofaran-3-gl ).S-methyl-i-Z 
pheny~-I-pyrro~ine 3,4-dicarboxylic anhydride S-thiolcarboxyiate 
(the 1: 2-udduct, 4; R = Me) 

The 1: Z-adduct (0.774 g, 2 mmoi) was dissolved in IN NaOH 
(15 m!); after IS min at room temp., the soln was acidified and 
extracted with ether, and the colourless oil obtained on 
evaporation of the dried (&SO,) ether soln was crystallised from 
EtdAc, giving 8 (R = Me) (OWJg; 120/c), as the. hydrate. m.p. 
163.X tdec.). (Found: C. 61.6: H. 53.5: N. 548. C,,H,,NO.. :H,O 
require;: Ct 61.7: H, $45; N, ‘5.55%): IR ~Nu~ol):- v,, 1700 
(CO,H), 1600 cm ’ (C=N); UV (MeOH): A,, 210 nm (log t 398). 
?46 (4,09); NMR (C’H,O’H): t 2G2.3 (2H, ArH. mf, 24-2.6 (3H, 
ArH, m), 5.7-6.6 (3H, -CH-CH,, m) 8.5 (3H. CH,, s); MS: m/e 
103 (8%) 104 (to), 105 (20) 1 IS (25), I58 (80) 202 (IOO), 247 (W, 
0.5). 

~cety~atio~ of the cyc~oaddact 2 
The cycloadduct 2 (O,289g, I mmol) was dissolved in ,Ac,O 

(IO ml) containing one drop of pyridine. The soln was evaporated 
after IO min at room temp., and the residual oil was triturated with 
ether to give a colourless solid, which give the N-acety! derivative 
(0,13 g, 3%), m.p. 137~Y’(decf after recryst~l~sation from CHCI,. 
(Found: C, 58.0; H, 4.0; N, 4.25; S, 9.5. C,&,NO,S requires: C, 
58.0; H, 3.95; N, 4.25; S, 9.7%): IR (Nujol); Y,.. 1850, 1780 
(anhydride), 1700 (amide), 1680 (thiolester GO) cm-‘; NMR 
(dimethyl sulphoxide-‘H,): T 2.5 (SH. ArH, s), 4.6 (IN, -CH-CA, 
d, J = 7.0Hz), 5.6 (IH, -CH-CH-, d, J = 7.0 Hz). 7.5 (3H, 
CHKO, s), 845 (3H, CH,, s). 

Reaction of 2,4-diphenylthiatol-5(4H>one with dimethyljumarate 
(i) A soln of the thiazoione (I.01 g. 4 mmo!) and dimethyl 

fum~te (576g, 40 mmol) in toluene (150 ml) was heated under 
ref!ux during 2 hr, then evaporated in cacao. T&nation of the 
residual oil with MeOH, and rec~st~lisation of the resulting solid 
from MeOH, gave 13 (R = Ph); m.p. 197-80 (Iit?!97_80); 1.2g 
(62%). Found: C, 64.85: H. 5.65: N. 2.9. Calc. for C,,H,,NO,: C. 
64.7: H. 5.75: N; 3.2%: 

_“_ _ 

(ii) A soln of the thiazolone (I.01 g, 4 mmolf and dimethyl 
fumarate (0.58 g. 4 mmol) in toluene was treated as in (i), and 
worked up to give 14 (0,809; 60%), m.p. 137-89, lit.’ m.p. 137-80. 
(Found: C, 71.4; H, 5.7; N, 4.0. WC. for CaHIPNOI: C, 71.2; H, 
5.7; N, 4.!S%). Satisfactory agreement of spectroscopic data with 
those reported for this compound in Ref.’ was obtained. 

(iii) Reactions of the thi~olone with ~methyl fum~te under 
mild conditions (as described above for reactions with maleic 
anhydride) gave back the thiazolone; no Michael adduct could be 
obtained from these reactants in acetone soln to which two drops 
N NaOH had been added. 

Reaction of ~mefhyl-2-phenylrhiazol-5(4H)-one with dimethyl 
famarare 

(i) A soln of the thiazolone (0.955 g, 5 mmol) and dimethy! 
fumarate (0.76 g, 5.3 mmo!) in toluene (10 ml) was heated under 
reflux during 2 hr, then evaporated almost 10 dryness; petrol (b.p. 
W) was added, and the ppt (OGg, 39%) m.p. 110-Y’, was 
crystahised from M&H to give 13 (R = Me), 0*08Og, (4%), m.p. 
181-Y (Found: C, 60.0: H. 6.2; N, 3.2. C,,HuNO, requires: C, 
60.15; H, 6-O; N, 3.35%); IR (Nujol): Y_~ 3350 (NH), 1730cm ’ 
(ester C-O); NMR (C’HCI,): 7 24-2.8 (5H, ArH, m). 5.75 (IH. - 
CH-CH-, d, J = 6.0 Hz), 6.20 (3H, MeO. s), 6.25 (3H, MeO, s), 
6.30 (3H, MeO. s), 6.55 (IH, -CH-CH-. d. J = 6.0Hz), 6.7838, 
MeO, s), 6.70-6.85 (ZH, -CH, m), 7.50 (I H. NH, s, exchanged with 

‘H20), 8.40 (3H, CH,-C, s); MS: m/e 216 (lo%), I84 (73) 274 
(67). 419 (,M’, 5%!. The second crop from the mixture was the 
cycloadduct (12), m.p. 114-S” (0.5 10 g, 30%) 4 - methyl - 1 - phenyl 
. 2 - thin - 7 - azabicyc!o[2.2.1 Jheptan - 3 - one exo-S-endo- 
dicarboxylic acid dimethylester. (Found: C, 57.3: H, 5.1; N,4.l;S. 
9.6. C,,H,,NO,S requires: C, 57.3; H, 5.1: N. 4.2. S, 9.55%); IR 
(Nujol): v,,,,, 3350 (NH), 1720 (ester GO). 169Ocm“ (thiolester 
GO); NMR (C’HCI,): r 2.4 (5H, ArH, s), 5.7 (IH, -CH-CH-, d, 
J = S-O Hz), 615 (3H, MeO, s), 6.40 (IN. -CH-CH-. d, J = 5.0 Hz). 
6.70 (3H, MeO, s), 7.05 (IH, -NH, broads. exchanged with ‘H,O), 
8.20~3H,CH~~,s); MS: m/e 104(14). !lS(lS), 13!(20), !56(20), 
!84(29),215(37),242(!00~,274(!7),275(10),307(M’-C0,1%). 

(ii) Under the conditions described in (i) above, the 
thiazolone (2,87g, IS mmo!) and dimethy! fumarate (5.47 g, 
38 mmol) gave an increased yield (2,6g, 42%) of 13 (R = Me), the 
product of reaction of the cycloadduct with the alkene. 

(iii) The thiazolone (0.382 g, 2 mmol) and dimethyl fumarate 
(O+SXg. 4 mmol) in acetone during 12 hr at room temp. gave It 
(0.42 g, 63%) as sole product. Under identical conditions but with 
the addition of two drops 2N NaOH, the cycloadduct was formed 
in similar yield as sole product. 

Re~tioa of 2,4-dipheny~thjazo~~~(4H)-one with uc~lo~~t~ie 
(i) A soln of the thiazolone (I.01 g, 4 mmol) in acr~lo~it~le 

(5,3g, 0.1 mol) was heated under reflux during 2 hr. then 
evaporated to dryness in WKUO. These residual oil on trituration 
with petrol (b.p.60-80”) and MeOH gave 16 m.p. 190-x” (0.61 g, 
SO%), m. p. 20&l” (dec) after recrystallisation from MeOH (0.23g. 
19%). (Found: C, 70.4: H, 4.6: N. 9.1; S. 10.4. C,aH,,N,OS 
requires: C, 70.55; H, 4-6; N. 9.15; S, 10+4.5%); !R (Nujol): Y,,, 
1740 (GO). lS9Ocm-’ (C=N); UV (MeOH): h,,., 208 (loge 4*34), 
254 (4.32). 274 nm (4.30): NMR (C’HC!,): r 19-21 (2H. ArH. m), 
24-2.7 (8H, ArH, m), 6.1-6.5 (4H. -CH,CH,, m); MS: m/e 103 
(2S%), !01(27). lt(95). 121 (8), 160 (25). 175 (27), 193 (It), 203 
(SO), 219 (100). 246 (9). 278 (4). 306 (M?, 63). Frectional 
c~s~!i~tion of the petrol extracts gave 17 (R = Ph. or its 2,6- 
dicyano-isomer) 0.032g (3%), m.p. 215-7”, and IS (R = Ph), m.p. 
127-8”. Both these products were obtained2 from corres~ndi~ 
reaction of 2,4-diphenyloxazol-5(4H)-one with acrylonitrile. and 
m.p. and IR data’ were identical with those obtained in the present 
work; similar uncertainty concerning the position of the cyano- 
groups in 17 has been recorded. 

(ii) The thiazolone was recovered from a soln in acetone in the 
presence of excess acrylonitrile after 24 hr at room temp. 
However, an equivalent mixture to which two drops 2N NaOH 
had been added gave the adduct 16 in 20% yield after 24 hr at room 
temp. 

Reuctianof ~methyl-2-phe~ylthi~o~~~~4H~-one with acrylonitrite 
(i) A soln of the thiazolone (0*24g, I .2S mmol) in ac~lonjtrile 

(I.7 g, 32 mmol) was kept at 60” during 43 min, and evaporated to 
dryness in vacua. The residue on crystallisation from MeOH gave 
15 (0.021 g; 6%). m.p. 10S-6°p. (Found: C, 65.0: H. 5.15; ?I, 14.2: S, 
10.5. C,,H,,N,OS requires: C, 64.6: H, 5.1; N, !4*12; S, 10.8%); 
tR (Nujol): v,, 2250 (C=N), 1680 (GO), !b!Ocm ’ (C=N); NMR 
(dimethylsulphoxide-*H& 7 19-2.2 (2H, ArH, m). 2-3-26 (3H, 
ArH, m), 6.2-6.7 (3H. -CH-CN, CH&=N-, m), 69-7.2 (4H. S- 
CH&H,CN, m), 845 (3H, CHI, s). MS: m/e 103 (14%) 104 
(26), 1!4(6), 115 (24) 140 (!3), 156 (5). 168 (9), 183 (IOO), 269 (I), 
297 (M’. I). 

(ii) The thiazolone was recovered from a soln in acetone 
conIaining excess acrylonitrile, after 48 hr at room temp.; and also 
from a similar mixture containing two drops 2N NaOH. 

Reaction of 4-methy~.2-pheny~thiuzot~5~4H)-~~ne with phenyl 
isocyanate 

A soln of the thiazolone (0.38 g, 2 mmol) in phenyl isocyanate 
(5.45 g, 43 mmol) was kept at 50” during IO min. then evaporated in 
wcuo to give 22 (R = Me), m.p. I IO-?. and m.p. 114-Q (0.495 g, 
80%) after recrystailisation from ptro! i&p. 80-100”). (Found: C, 
65.7; H, 4.6; N. 9.0; S, 10.4. C,,H,,N,O$ requires: C, 65.8; H, 
4.55; N, 9,OS: S, 10.35%); IR (Nujol): Y,., 3350 (NH), 1730 (C=O), 
1600 (C=K), 1550cm ’ (amide I!); UV (Et,O): Arnrx 232 (loge 
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2.538 (gH, ArH, m); MS: m/e 103 (53%) 119(100), I21 (95). 130 
(58), 163 (95), 191 (M-PhNCO; 10). 

Reaction of 2~~d~~heny~thiuzol-S(4H)-one with phenyl isocyunate 
A soin of the thiazolone (O-25 g, I mmol) in phenyl isocyanate 

(5.541~) was kept at room temp. during I5 min. during which time 
22 (R = Ph) started to crystahise out. Evaporation in uucuo, and 
trit~ation of the residue with petrol (b.p. ~1~) gave 0*2Og 
(54%) of the phenylcarbamoyloxy-thiazoie, m.p. 1467”. (Found: 
C. 70.8; H, 4.3; N, 7.5; S, 8.7. C,,H,,N,O,S requires: C, 70.95: H, 
4,35; N, 7.5; S, 8.6%): IR (Nujol); Y,., 3350 (NH), 1720 (GO), 
1600 (C=N), 1530cm ’ (amide II); UV (Et?O): A,,, 230 (loge 
4.36) 270 (4.02) 300 (4XQ), 320nm (4W: NMR (C’HCI,): r 
2.0-2.3 (2H, ArH, m), 2.5-2~8 (13H. ArH, m); MS: m le 103 (38%), 
119 (1001, I21 (95). 148 (IO), 165 (22), 193 (95). 225 (98), 253 
(M-PhNCO; 20). 

Attempted reactions of 2-phenylfhiazol-5(4H)-ones with phenyl 
isothiocyunate 

The emethyl and ~phenyi-thi~oiones were recovered in 
nearly quantitative yield from solns in toluene or in acetone which 
had been heated under reflux during 48 hr; also from solns in 
phenyl isothiocyanate which were maintained at i~‘during 48 hr. 

Reaction 2,4-diphenylthiuzol-5(4H)-one with 4-phenyl-1,2,4- 
triazolin -35-diona 

(i) A soln of the thiazolone (0.25 g, 1 mmol) and the triazolin- 
dione” (0.175 g, I mmol) in acetone (10 ml) changed colour from 
red to pale yellow during IOmin. Evaporation in uucuo and 
trituration with petrol (b.p. 60-W) gave 20 (R = Ph), Os324g 
(76%). m.p. lg2-4” (dec) after crystallisation from MeOH. (Found: 
C, 64.8; H, 3.9; N, 12.9; S, 7.5. &,H,,N,O,S requires: C, 64.45; H, 
3.75; N, 13.05; S, 7.5%): IR (Nujol): Y,., 3100 (NH), 1760, 1740 
(urazole GO), 1700 (thiazolone GO), 1590 (C=N) cm ‘; NMR 
(dimethvlsuiohoxide-‘H*): r -0.55 (IH. NH, broad s, exchanged 
with tH;0),‘1+-2~I (ZH, ArH, m), 2.2-2.7 (13H, ArH, m); MS: 
m/e 121 (100). 252 (47). 400 (0.5). 428 (Mr, 0.20). 

(ii) The same reactants in refluxing toluene during I hr gave 20 
(R = Ph) in 52% yield. 

Reaction of 4-methyl-2-phenylthiuzol-5(4H)-one with I-phenyl- 
1.2.4~~riuzolin -3,S-dione 

Reactions conducted as in (i) and (ii) above for the 2,6 
diphenylthiazolone gave 4 - phenyl - I - (4 - methyl - 2 - 
phenylthiazol - 5 - on - 4 - yl) urazole (20; R = Me), m.p. 106-80 
from CCL-petrol (b.p. 60&Y). in yields (i) 58% and (ii) 32%, 
resoectivelv. (Found: C. 58.7; H, 3.8; N, 15.4: S. 8.6. C,.H,.N,OS 
requires: Cl 59.0; H, 3.85; N, 15.3; S, 8.75%); IR and NMR spectra 
showed the expected differences from those of the phenyl 
analogue above. 

Reaction of 4-isopropyl-2-phenylthiazol-5(4H)-one6 with 4- 
phenyl-1,2,4-triazolin-3,5-dione 

The reaction conducted as in (i) above gave 20 (R = CHMe3 in 
77% yield, m.p. 194-Y from acetone. (Found: C, 61.2; H, 4.55; N, 
14.4: S. 8.4. C,H,.N.O,S reouires: C. 60.85: H. 4.6: N. 14.2: S. __ .., 
8.1%) through (he colour change indicating the completion of 
reaction occurred after I hr. 

Hydro/vsis 01 Michuel udducts (20; R = Ph). and (20; R = Me). 
To a soln of the adduct (I mmol) in dioxan (I ml) was added N 

NaOH (I ml). After IS min at room temp. the reaction soln was 
acidified to Congo Red and extracted with ether to give 21 
(R = Ph), m.n. 101-Y after crvstallisation from benzene-ether 
(Found:‘C, 62,l; H, 5.45: N, lo& S, 605. C2,H,,N,0,S. C,H,,O 
reouires: C. 62.3: H. 5.4: N. 10.75: S. 6.15%) from 2U(R = Ph), and 
the corresponding ‘derivative 21 (R = &Me), m.p. 89-92” after 
crystallisation from CCL (Found: C, 56.5: H, 4.4; N. 14.9; S, 8.1. 
C,&,N,O,S requires: C, 56.25; H, 4.2; N, 14.55; S, 8.35%) from 
20 (R = Me), yields 67 and 57%. respectively. 

Reaction of 2,4-diphenylthiazozol-5(4H)-one with diethyl azodicur- 
boxylute 

(i) A soln of the thiazolone (0,25g, I mmol) and diethyl 
azodicarboxylate (0.52 g, 3 mmol) in acetone (20 ml) was evapo- 

rated after I2 hr at room temp. to give an oil which, on t&ration 
with benzene gave 19, m.p. 135-6’ (dec), 0.146g (34%) after 
recrystallisation from petrol (b.p. 80-100”). (Found: C, 59.3; H, 
50; N, 9.8; S, 7.3. C,,H,,N,O,S requires: C, 59.0; H, 4.95; N, 9.85, 
S, 75%); IR (Nujol): Y,, 3250(NH), 1740,17lO(ester GO), 1700 
(thiazolone C=O), 1590 (C=N), 156Ocm-’ (amide II); NMR 
(C*HCl& r 19-2.1 (2H, ArH, m), 2.1-2.8 (8H, ArH, m), 35 (IH, 
NH, broad s, exchanged with ‘H,O), 5-9 (4H, CH,-CH,, q, 
J = 7.0Hz). 8.8 (6H, CH,-CH,, t, J = 7.0 Hz); MS: mle I04 (24%). 
121 (RIO), 163 (5) 222 (II). 250 (16). 252 (24), 294 (8) 399 (6) 427 
(M’. 0.02). 

(ii) The reactants in refluxing toluene during 2 hr gave the 
adduct in 45% yield. 

Reaction of N,N’-diethoxycurbonyl-N-(2,4-diphenylthiazol-5-on- 
4-yl fhydruzine 19 with aqueous alkali 

The adduct 19 (0.427g. I mmol) was dissolved in dioxan (I ml), 
and after adding 2N NaOH (2 ml, 2 equiv), the mixture was set 
aside during 4 hr at room temp. Acidification to Congo Red and 
extraction with ether gave N-fhiobenzoyl-DL-~-aminophenyl- 
acetic acid (m.p. and m.m.p. 145”, identical spectra). 

Attempted reaction of 4-methyl-2-phenylthiuzol-5(4H)-one with 
diethyi uzodicarboxylute 

Reactions conducted as for the 2.4-diphenylthiazolone failed to 
give the corresponding adduct, though loss of the thiazolone was 
shown through changes in absorption spectra; small yields of 
diethyl hydrazine-I,?-dicarboxylate, m.p. 134-5” (lit.” m.p. 135”) 
were isolated from every experiment. 

Reaction of 4-substiiuted 2-phenylthjuzol-S(4H~ones with N- 
morphoh’no-I-cyclahexene 

The 4-phenyl- or the 4-methylthiazolone 1 (I mmol) was 
dissolved in toluene (5 ml) containing morpholinocyclohexene 
(O-35 g. 2 mmol), and heated under reflux during I hr. The yellow 
oil obtained on evaporation in vacua gave 23 (R = Ph), 65%, m.p. 
1266” (Found: C, 67.2; H, 5.7; N. 8.0; S, 9.3. C,UH1ON,O,S 
requires: C, 67.0; H, 5.9; N, 8.25; S, 9.4%) or the analogue 23 
(R = Me), 90%. m.p. 157-9“ (Found: C, 60.4, H, 6.45; N. 10.0; S, 
11.7. C,,H,,N,O,S requires: C, 60.5; H, 6.3: N, 10.05; S, 11.5%) 
respectively, as sole isolated products. Spectroscopic data were 
consistent with the structures assigned to the products, by analogy 
with corresponding data for N-thio~nzoyl-am~n~acid amides.’ 

Reaction of Z,Cdiphenylthiazol-5(4H)-one with dimethyl 
ucety!enedica~oxyiute 

(i) A soln of the thiazolone (0.253g, I mmol) and dimethyl 
acetylenedicarboxylate (0.355 g, 2~5 mmol) in toluene (5 ml) was 
heated under reflux during 4 hr. The pale yellow oil obtained by 
evaporation of the mixture in uacuo gave 24 (R= Ph), 0.3Og 
(90%). m.p. 149-150” (lit.’ 14%150”) after trituration with petrol 
(b.p. 60-86”) and crystallisation from MeOH (Found: C, 72.0; H, 
5.3: N. 4.15: Calc. for C,H,,NO.: C. 71.6: H. 5-l: N. 4.2%). __ 

(ii) The same quantities of reactants in a&tone (IO ml) gave the 
pyrrole (0.18s g, 52%) after 24 hr at room temp., and working up as 
in (i) above. 

Reuction of ~methyl-2-pheny~thiuzoi-S~4H)-one with dimethy~ 
acetytenedicurboxylate 

(i) A soln of the thiazolone (0.955g, 5 mmol) and di- 
methyl acetylenedicarboxylate (1.42 g. IO mmol) in toluene (10 ml) 
was heated under refhrx during 6 hr. and worked up as described 
above for corresponding mixtures obtained from the diphenyl- 
thiazolone, to give 24 (R = Me), 0.98 g (66%). m.p. 126-8” (lit’ 
127-g’) after crystallisation from MeOH (Found: C, 65.8; H. 5.5; 
N, 5.3; talc for C,lH,rNOI: C, 65.9; H, 5.55; N. 5.1%). 

(ii) The same quantities of reactants in acetone (IO ml) gave the 
pyrrole (0.655 g, 48%) after 24 h at room temp., and working up as 
in (if above. 

Reaction of 4-carboxymethy~-2-phenyhhiazoi-5(4H)-one (1; R = 
CH,C02H) with dimethyl acetylenedicarboxylote 

Reaction of 1 (R = CH,CO,H) with excess dimethyl acetylene- 
dicarboxylate in refluxing toluene during 6 hr, and working up as 
described above for corresponding reaction mixtures gave 24 
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(R = CH,CG,H), 7%. m.p. 1767” from benzene (Found: C, 59.9; 
H, 4.8: N, 4.3; C,sH,cNOn requires: C, 60.55; H, 4.75; N, 4.4%); 
IR (Nujol): v,,, 3350 (-NH-), 1725 (CO,Me C=O), 1695cm ’ 
(CO,H C=O). 
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