
Ring Opening of Dihydro-1 ,$-oxathiins 

MAURICE ARMAND CORBEIL, MICHAEL CURCUMELLI-RODOSTAMO, ROBERT JAMES FANNING, 
BRUCE ALLAN GRAHAM, MARSHALL KULKA, A N D  JAMES BENJAMIN PIERCE 

Uniroyal Lit~lited, Researclz Lrrboratories, Glrelpl~, Onturio 

Received December 8. 1972 

Acid hydrolysis of 5,6-dihydro-2-methyl-I,4-oxathiin-3-carboxanilide gives 2-(2-hydroxyethy1thio)- 
acetoacetanilide enol. 3-Carbonyl-substituted 5.6-dihydro-l,4-oxathiins were found to undergo ring 
cleavage by nucleophilic nitrogen attack on C-2. Thus the following reactions were observed: 3-acetyl- 
5,6-dihydro-2-methyl-1,4-oxathiin o n  treatment with hydrazine gives 4-(2-hydroxyethylthi0)-3,5-di- 
methylpyrazole, instead of the hydrazone. The 1,4-oxathiins, N-(5,6-dihydro-2-methyl-1,4-oxathiin- 
3-ylcarbony1)-N'-phenylurea and 5,6-dihydro-2-methyl-1,4-oxathiin-3-carboxylic acid hydrazide 
rearrange to give 5-(2-hydroxyethy1thio)-6-methyl-I-phenylracil and 4-(2-hydroxyethy1thio)-3-methyl- 
2-pyrazolin-5-one, respectively. Finally, treatment of 5,6-dihydro-2-methyl-1,4-oxathiin-3-carbonyl 
chloride with 2-aminopyridine and with 2-aminopyrimidine affords 4H-3-(2-hydroxyethy1thio)-2-methyl- 
pyrido[l,2-nlpyrimidin-4-one and 4H-3-(2-hydroxyethylthio)-2-methylpyrimido[l,2-a]pyrimidin-4-one, 
respectively, a s  the predominant products. 

L'hydrolyse acide du dihydro-5,6 methyl-2 oxathiine-1.4 carboxanilide-3 a produit I'Cnol (hydroxy-2 
ethy1thio)-2 acttoacCtanilide. Les composCs dihydro-5,6 oxathiine-1,4 carboxyl-3 substitues o n t  subi un 
clivage du cycle consecutivement a I'attaque d e  la position C-2 par un azote nuclCophile. Par  suite, les reac- 
tions suivantes furent observees: I'acCtyl-3 dihydro-5,6 methyl-2 oxathiine-l,4 a produit lors d 'une  reaction 
avec l'hydrazine I'(hydroxy-2 6thylthio)-4 dimethyl-3,5 pyrazole au lieu de I'hydrazone. Les oxathiines-1,4 
N-(dihydro-5,6 methyl-2 oxathiine-1.4 carbonyl-3) N'-phtnyluree et I'hydrazide de I'acide dihydro-5.6 
methyl-2 oxathiine-1,4 carboxylique-3 ont  produit par rearrangement I'(hydroxy-2 ethylthi0)-5 methyl-6 
phenyl-l uracile e t  I'(hydroxy-2 6thylthio)-4 methyl-3 pyrazoline-2 one-5, respectivement. Finalement, la 
rtaction du chlorure de dihydro-5,6 methyl-2 oxathiine-1.4 carbonyle-3 avec I'amino-2 pyridine et avec 
I'amino-2 pyrimidine B conduit, comme produits principaux, a I'(hydroxy-2 6thylthio)-3-4H methyl-:! 
pyridopyrimidine[l,2-alone-4 et I'(hydroxy-2 ethylthio-3-4H mtthyl-2 pyrimido pyrimidine[l,2-rrlone-4 
respectivement. [Traduit par l e  journal] 

Can. J .  Chem., 51. 2650 (1973) 

The discovery that 5,6-dihydro-l,4-oxathiins 
and more particularly 5,6-dihydro-2-methyl- 
1,4-oxathiin-3-carboxanilide (VitavaxB)' (1) and 
its sulfone (PlantvaxO) possess systemic fungi- 
cidal properties (1) has stimulated interest in 
1,4-oxathiin chemistry and has given impetus to 
the search for other systemic fungicides. 

The purpose of this paper is to discuss the 
ring opening of several 3-carbonyl-substituted 
5,6-dihydro-l,4-oxathiins by nucleophilic attack 
on C-2. 

Recently Wilson demonstrated that 5,6-di- 
hydro-2-methyl-l,4-oxathiin undergoes acid-cat- 
alyzed hydrolytic cleavage to form (2-hydroxy- 
ethy1thio)-2-propanone (2). It has been found in 
this laboratory that 5,6-dihydro-2-methyl-1,4- 
oxathiin-3-carboxanilide (1) undergoes similar 
hydrolytic cleavage with formation of th : en01 
form 2 of 2-(2-hydroxyethylthio)acetoacet~nilide 
(3) (eq. 1). This compound was also prepared 

That the hydrolysis product is the en01 2 and 
not the keto form 3 has been demonstrated by 
the purple color it gives in alcoholic ferric 
chloride, by its rapid dissolution in aqueous 
sodium and ammonium hydroxide, and by its 
i.r. and n.m.r. spectra. The ketone carbonyl band 
is absent in the i.r. spectrum and the singlet at 
15.5 p.p.m. in the n.m.r. spectrum is indicative 
of an enolic proton. The enolization appears to 
be aided by the sulfur atom since unsubstituted 
P-ketoamides are largely ketonic. Similar enoli- 
zation has been observed in 2-thio-1,3-diketones 
(3). 

The cleavage product 2 was converted readily 
to  1 by heating in benzene with azeotropic water 

from 2-mercaptoethanol and 2-chloroacetoace- 
COCH3 

tanilide. I 
HOCH~CHLSCHCONHPII HOCH2CH2SCH2CONHPh 

'@Uniroyal's registered trademark. 3 4 
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removal in the presence of an acid catalyst. As 
expected, it is sensitive to base, and in aqueous 
sodium hydroxide undergoes deacetylation to 
furnish 2-(2-hydroxyethy1thio)acetanilide (4). 
Similar deacetylations have been previously ob- 
served (4-6). 2 forms a 2,4-dinitrophenylhydra- 
zone (5) which is also obtained by treatment of 
the oxathiin 1 with 2,4-dinitrophenylhydrazine 
reagent. The n.m.r. spectrum of the hydrazone 
shows a singlet at 4.67 p.p.m. which is not 
affected on treatment of the sample with deu- 
terium oxide. Assignment of this singlet to a 
proton at C-2 shows the hydrazone to have the 
imine structure 5, rather than the alternative 
enamine structure 6. 

Mattsson and Bertilsson have shown that 
5,6-dihydro-2-methyl- 1,4-oxathiin-3-carboxani- 
lide (1) can also be cleaved by amines (7). Thus 
a solution of 1 and pentylamine on standing 
at room temperature for several days affords 
2-(2-hydroxyethylt11io)-3-pentylan~inocrotonan- 
ilide. A number of reactions of 3-carbonyl-sub- 
stituted 5,6-dihydro-l,4-oxathiins involving nu- 
cleophilic attack on C-2 by nitrogen have been 
encountered in this laboratory. 

One such reaction constitutes an example of 
the known conversion of P-alkoxy-a,P-unsatu- 
rated ketones to pyrazoles on treatment with 
hydrazine (8). Thus from 3-acetyl-5,6-dihydro-2- 
methyl- 1,4-oxathiin (7) and hydrazine a product 
was obtained which was identified as 4-(2-hy- 
droxyethy1thio)-3,5-dimethylpyrazole (8). The 
n.m.r. spectrum (DMSO-d,) of this product (8) 
shows a singlet at 2.23 p.p.m. attributed to two 
equivalent methyl groups and two triplets at 
2.56 and 3.45 p.p.m. characteristic of the two 
methylenes of a 2-hydroxyethylthio group. 

The preparation of the oxathiin 7 now war- 
rants brief consideration. Reaction of 3-chloro- 
2,4-pentanedione with 2-mercaptoethanol in the 
presence of sodium bicarbonate gave a neutral 

and an acidic compound (Scheme 1). The 
acidic compound, presumably 9, was converted 
to the desired oxathiin 7 by acid-catalyzed 
dehydration. The neutral product was iden- 
tified as 10 by co~uparisoll of its i.r. and n.m.r. 
spectra with those of an authentic sa~nple pre- 
pared by acetylation of (2-hydroxyethylt11io)- 
2-propanone (2). It probably formed by re- 
arrangement of 9. A similar rearrangement, ob- 
served in this laboratory, consists in the con- 
version of ethyl 2-(2-hydroxyethylthio) aceto- 
acetate (11) to ethyl (2-acetoxyethy1thio)acetate 
(12) in the presence of sodium ethylate (eq. 2). 

CH3COOCH2CH2SCH2COOC2H5 

12 

The identity of compound 12 was established by 
comparison of its i.r. and n.m.r. spectra with 
those of the compound obtained by acetylation 
of ethyl (2-hydroxyethy1thio)acetate (9). 

Another reaction involving nucleophilic attack 
by nitrogen on C-2 of a 1,4-oxathiin gave a 
2-hydroxyethylthio-substituted uracil. Thus N- 
(5,6-dihydro-2-1nethyl-1,4-oxathiin-3-ylcarbo- 
ny1)-N'-phenylurea (13), prepared from 5,6- 
dihydro-2-methyl-l,4-oxathiin-3-carbonyl chlo- 
ride (14) and N-phenylurea, when heated in re- 
fluxing toluene in the presence of sodium hydride 
rearranged to 5-(2-hydroxyethy1thio)-6-methyl- 
I-phenyluracil (15) in 57% yield (Scheme 2). 
Compound 15 was also obtained in an attempt 
to make 13 by the method of Wolfe and Trimitsis 
(10). Thus treatment of ethyl 5,6-dihydro-2- 
methyl-l,4-oxathiin-3-carboxylate (16) (16) with 
N-phenylurea and sodium hydride in toluene at 
reflux temperature gave 15 in 55% yield. Since, 
as shown above, compound 13 rearranges to 
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( + H2NCONHPh 
NaH 

benzene CONHCONHPh 

P h 

NaH + H2NCONHPh - 
COOC2Hs 

16 0 

15 
SCHEME 2 

15 in a suspension of sodium hydride in refluxing 
toluene, it is probably an  intermediate in the re- ['K~~~ + 
action of the ester 16 with N-phenylurea to form CONHNH2 

15. The i.r. and n.m.r. spectra of the rearrange- 17 18 
ment product 15 are in agreement with the pro- 
posed structure. The solubility of the product in H @ 

aqueous sodium hydroxide and the fact that the H3C ,NkH 

N-methyl derivative can easily be prepared by 
the method of Senda and Suzui (1 1) provided HOCHzCHzS koG 

further evidence for the uracil structure 15. 19 

1 
1 

the presence the the presence of triethylamine. This reaction gave 
function came from the conversion of 15 to a the amide 20 in only 4% yield. The major re- 

I chloride on treatment with thionyl chloride in action product 21, isolated in 56% yield, was 
1 1-(5-Ch10r0-2-meth~1~hen~1)-5-(2- identified as 4~3-(2-hydroxyethylthio)-2-meth- 

h~drox~eth~1thi0)-6-111eth~1uraci1 was ylpyr~do[l,2~o]pyrimidin-4-one (21n), an isomer 
from ethyl 5,6-dihydro-2-methyl-] ,4-oxathiin-3- of 20. 
carboxy1ate16and N-(5-ch10ro-2-meth~1~hen~1)- The i.r. spectrum of compound 21 revealed 
urea in the same manner as was 15. the presence of a hydroxyl group. The n.m.r. 

A further example of ring opening of a di- 
hydro-1,Coxathiin by intramolecular nitrogen 
attack was encountered when an n-butanol solu- 
tion of 5,6-dihydro-2-methyl-1,4-oxathiin-3-car- 
boxylic acid hydrazide (17) was heated at reflux 
to give the rearranged isomer 4-(2-hydroxyethyl- 
thio)-3-methyl-2-pyrazolin-5-one (18) (eq. 3). 
The n.m.r. spectrum of 18 shows the two meth- 
ylene triplets characteristic of a 2-hydroxyethyl- 
thio group. The solubility of 18 in aqueous 
sodium carbonate and its U.V. absorption at 
242 nm are in accord with the assigned 2-pyra- 
zolin-5-one structure. A strong band in the i.r. 
spectrum (KBr) between 2400 and 2900 cm-', 
ascribed by D e  Stevens and co-workers (12) to 
the pyrazolinone zwitterion, shows the impor- 
tant contribution of the tautomeric form 19. 

Cleavage of the dihydro-l,4-oxathiin ring was 
also demonstrated in the reaction of the acid 
chloride 14 with Zaminopyridine in benzene in 
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CORBEI12 E T  AL. :  RING OPENINC 

spectrum shows two triplets (J = 6Hz), centered 
at  3.67 and 2.98 p.p.m., instead of the methylene 
multiplets present in the spectra of dihydro-1,4- 
oxathiins. The foregoing data indicated that 
cleavage of the dihydro- l,4-oxathiin ring had 
occurred resulting in the formation of a 2- 
hydroxyethylthio group. At  this stage, structures 
21a and 216 were considered for compound 21. 

The problem of distinguishing between a 2- 
and a 4-pyrido[l,2-alpyrimidinone is not new 
and has been the subject of several investigations 
(13-19). In particular, it has been shown by 
Adams and Pachter (15) and by Allen et al. (19) 
that the U.V. spectra of 2- and 4-pyrido[l,2-a]- 
pyrimidinones are characteristically different in 
the relative values of the extinction coefficients 
of the maxima occurring in the regions of 
240-270 nm (region a) and 300-400 nm (region 
6). Typically the 4-ones show a ratio of ex- 
tinction coefficients E ~ / E ,  greater than 1 whereas 
for 2-ones this ratio is less than Q. Table 1 lists 
the U.V. data for compounds 22a and 23  (19) 
together with those we found for compound 21. 
Comparison of the extinction-coefficient ratios 
(E~/E,)  clearly indicates that 21 has the 4-one 
structure 21a rather than the alternative 2-one 
structure 216. 

Structure 21a received further spectroscopic 
support. The n.m.r. spectrum of compound 21 
shows a single-proton doublet (8.93 p.p.m.) 
downfield from the bulk of aromatic absorption 
by 0.9 p.p.m. In structure 21a the low-field 
position of this doublet can be attributed to  the 
deshielding of the 6-proton by the keto group 
whereas a similar effect is not possible in struc- 
ture 216. A comparable deshielding was found 
by Mendel for the 6-proton of compound 226 
(20). 

Confirmation of structure 21a rests on  
chemical evidence. Formation of the alternative 
structure 216 would be expected to  involve the 
intermediacy of the minor reaction product 20. 

TABLE 1. Comparison of u.v. data of 2- and 
4-pyrido[1,2-alpyrimidinones* 

Compound ha E n  I* E b  ~ b / ~ o  

*The wavelength is given in nm and the extinction coefficient is 
expressed as E x 10-3. 

7U.v. data from ref. 19. 

The latter, however, was shown not to  be a re- 
action intermediate, since it was recovered quan- 
titatively after being subjected to  the  reaction 
conditions. 

Reaction of the acid chloride 14 with 2-amino- 
3-, -4-, and -5-methylpyridine furnished the 
4-pyrido[l,2-alpyriinidinones 240, 246, and 24c, 
respectively. The dihydro-1,4-oxathiin carbox- 
amides were shown by n.1n.r. spectroscopy to  
form in low yield. 

However, reaction of compound 14 with 
2-amino-6-methylpyridine and with 2-alni~io- 
4,6-dimethylpyridine led exclusively to  the 
amides 25a and 256. Clearly, the 6-methyl group 
hinders attack of the electrophile o n  the ring 
nitrogen. Failure of the ring nitrogen of 2-amino- 
6-methylpyridine t o  participate in reactions with 
bifunctional electrophiles has been well docu- 
mented (13, 21-23). 

Treatment of the  acid chloride 14 with 
2-aminopyrimidine furnished the 4-pyrimido[l,2- 
alpyrimidinone 26. The  structural assignment 
follows from the presence in the n.m.r. spectrum 
of a low-field absorption (centered a t  9.2 p.p.m.) 
due t o  the C-6 and -8 protons (see above) and 
from analogy with the  behavior of t h e  2-amino- 
pyridines. As expected, reaction of compound 14 
with 2-amino-4,6-dimethylpyrimidine yielded 
only the amide 27. 

Experimental 
1.r. spectra were obtained on Perkin-Elmer 237B or 

521 grating i.r. spectrometers. The n.m.r. spectra were 
recorded using an R-20 Hitachi Perkin-Elmer spectrom- 
eter and are expressed in p.p.m. (6 values) relative to 
tetramethylsilane as standard. Melting points were deter- 
mined on a Gallenkamp melting point apparatus and are 
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uncorrected. Ultraviolet spectra were measured on a 
Perkin-Elmer 402 spectrometer and the analyses were 
performed on a Perkin-Elmer 240 elemental analyzer. 

2-(2-Hydroxyet/1yltl1io)~cetoace,ani1i1i~/e Et~ol (2) 
To a solution of 2-chloroacetoacetanilide (53 g, 0.25 

mol) in methanol (50 ml) and pyridine (25 g) was added 
2-mercaptoethanol (20 g, 0.26 niol) and the solution 
stirred for 15 min with occasional cooling on a water bath 
maintaining the temperature at 35 to 40'. The reaction 
mixture was allowed to stand at room temperature for 2 h 
and then poured into water (200 ml). The material ob- 
tained by solidification of the precipitated oil was 
collected, washed well with cold water, and dried. 
Crystallization from toluene gave large white crystals 
(54.6 g o r  87.5%) of m.p. 64-66". Recrystallization from 
toluene yielded a pure product melting at 66-67". N.m.r. 
(CDCI,): 15.5 ( lH ,  s, OH), 9.33 ( lH ,  s, NH), 7.33 (5H, m, 
aromatic), 3.67 (2H, m, CH,O), 2.63 (2H, t, CH2S), 2.63 
( lH,  t, OH), 2.33 (3H, s, CH,); i.r. (CHCI,): 3680, 3620, 
3325 cm-'. 

Anal. Calcd. for C,,H,,NO,S: C, 56.89; H, 5.96; N, 
5.52. Found: C, 56.80; H, 6.20; N, 5.61. 

The en01 2 was converted in 65% yield to 2-(2-chloro- 
ethy1thio)acetoacetanilide en01 by treatment with thionyl 
chloride in benzene at room temperature, m.p. 83-85". 

Anal. Calcd. for C,,H,,CINO,S: C, 53.03; H, 5.19; N, 
5.15; C1, 13.04; S, 11.8. Found: C, 53.05; H, 5.61; N, 
5.66; C1, 12.8; S, 11.8. 

Ring Opet~it~g of5,6- Dil1ydro-2-tnetl1yl-I,4-oxatlliin-3- 
carboxat~ilide with Aqlreous Acid 

A mixture of 5,6-dihydro-2-methyl-1,4-oxathiin-3- 
carboxanilide (23.5 g, 0.10 mol), 10% aqueous hydro- 
chloric acid (100 ml), and toluene (200 ml) was heated to 
80" while stirred rapidly. The mixture was maintained at 
this temperature for 1 h, allowed to cool, and the aqueous 
and organic layers were then separated. The toluene phase 
was extracted with cold 10% aqueous sodium hydroxide 
(2 x 100ml) and the aqueous extract acidified with 
dilute hydrochloric acid. The product immediately oiled 
out of the acidic solution. It was extracted with toluene 
(2 x 100ml) and the toluene phase was reduced in 
volume (to about 75 ml) by distillation under reduced 
pressure. The product was crystallized from the remain- 
ing toluene by cooling to - 20" and scratching to induce 
crystallization. Thus was obtained 2-(2-hydroxyethyl- 
thi0)acetoacetanilide (14.5 g or 57%) of m.p. 63-67", The 
i.r. spectrum of this material proved to be identical to 
that of the material isolated from reaction of 2-chloro- 
acetoacetanilide with mercaptoethanol. 

5,6-Dihydro-2-n~etl1yl-l,4-oxntl1iin-3-carboxatzilide ( 1 )  
To  a solution of 2-(2-hydroxyethylthio)acetoacetanilide 

en01 (2) (23.5 g, 0.09 mol) in benzene (65 ml) was added 
p-toluenesulfonic acid (0.1 g) and the reaction mixture 
was heated under reflux for 2 h with azeotropic water 
removal in a Dean-Stark trap. The solution was diluted 
with benzene (100ml) and then washed with cold 5% 
aqueous sodium hydroxide and with water. The solvent 
was distilled off in vaclro and the residue crystallized from 
toluene to yield white crystals (19.9 g or 90%) of m.p. 
93-95". N.m.r. (CDCI,): 9.33 ( lH,  s, NH), 7.5 (5H, m, 
aromatic), 4.80(2H, m, CH,O), 3.52 (2H, m, CH2S), 2.36 
(3H, s, '333). 

Anal. Calcd. for C,,H,,NO,S: C, 61.28; H, 5.53; N, 
5.96. Found: C, 61.29; H,  5.58; N, 5.87. 

Deacetylation of 2-(2-Hydroxyetl1yltl1io)aceto~cetat1ilicle 
(2) to 2-(2-Hydroxyetl1yltl1io)acetatiilide (4) 

T o  a solution of 2-(2-hydroxyethylthio)acetoacetanilide 
(25 g, 0.1 mol) in benzene (100ml) was added 10% 
aqueous sodium hydroxide (100ml) and the reaction 
mixture stirred at 35 to  40' for 1.5 h. The reaction mixture 
was cooled and the precipitate collected, washed with 
water, and dried. The white solid thus obtained (15.5 g o r  
70%) melted at 80-81" and did not depress the m.p. of an 
authentic sample of 2-(2-hydroxyethy1thio)acetanilide 
prepared from 2-mercaptoethanol and chloroacetanilide. 
The i.r. spectrum was identical with that of the authentic 
sample. 

The treatment of 2-(2-hydroxyethy1thio)acetanilide with 
thionyl chloride in chloroform yielded 2-(2-chloroethyl- 
thio)acetanilide in 65% yield, m.p. 91-93". 

Anal. Calcd. for C,,H,,CINOS: C, 52.27; H, 5.26; N, 
6.09. Found: C, 52.10; H,  5.20; N, 5.93. 

2,4- Dit~itropl~et~yll~ydrazorre (5) of 2- (2-Hydroxyetl~yl- 
t1iio)acetoacetatlilide (2) 

TO a solution of 5,6-dihydro-2-methyl-1,4-oxathiin-3- 
carboxanilide (10.5 g, 0.045 mol) in methanol (250 ml) 
was added a solution of 2,4-dinitrophenylhydrazine (9 g, 
0.045 mol) in concentrated sulfuric acid (100 ml), water 
(400 ml), and methanol (100 ml). After allowing the 
reaction mixture to stand at room temperature for 2 days, 
the orange crystals were filtered, washed with water and 
with methanol, and dried. The yellow solid (18 g or 90%) 
melted at 188-190' and at 191-193" after recrystallization 
from acetonitrile. N.m.r. (DMSO-d6): 10.86 (IH, s, NH), 
10.31 ( lH ,  s, NH), 6.8-8.9 (8H, m, aromatic), 4.9 (lH, t, 
J = 5.5 Hz, OH), 3.4-3.8 (2H, m, CH20) ,  2.72 (2H, t, 
J = 6.5 Hz, CH2S), 2.29 (3H, s, CH,); i.r. (KBr): 3240, 
3310, 3590 cm-I. 

Anal. Calcd. for CI8Hl9N5O6S: C, 49.87; H, 4.41. 
Found: C, 50.26; H, 4.52. 

The same compound was obtained when 2-(2-hydroxy- 
ethylthio)acetoacetanilide (2) was treated similarly with 
2,4-dinitrophenylhydrazine. 

3-Acetyl-5,6-dil1ydro-2-1~~etI1yl-1,4-0~~ (7) 
Sodium bicarbonate (92.4 g, 1.1 mol) was  added to a 

stirred mixture of 3-chloro-2,4-pentanedione (24)(134.5 g, 
1 mol), benzene (400 ml), 2-mercaptoethanol (78.1 g, 
1 rnol), and water (200 ml). After 0.5 h the  organic layer 
was separated and extracted with 2 N sodium hydroxide 
(500ml). The organic layer was washed with water 
(200 ml) and concentrated itt vacuo to yield (2-acetoxy- 
ethy1thio)-2-propatiot~e (10) (5.9 g or 3.4%), a colorless 
liquid of b.p. 100" a t  0.4 mm. N.m.r. (CDCI,): 4.16 
(2H, t, J = 6.5 HZ, C H 2 0 ) ,  3.33 (2H, S, CH2CO), 2.72 
(2H, t, J = 6.5 Hz, CH2S), 2.26 (3H, S, CH,CO), 2.04 
(3H, s, acetoxy); i.r. (film): 1730 (ester CO), 1700cm-' 
(ketone CO). 

Anal. Calcd. for C,HJ203S:  C, 47.70; H, 6.86. Found: 
C, 47.52; H, 6.76. 

The aqueous sodium hydroxide extract from above was 
acidified with hydrochloric acid and extracted with 
benzene (2 x 250ml). The organic extracts were com- 
bined, added top-toluenesulfonic acid (5 g), and heated to  
reflux with azeotropic removal of the water formed in the 
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CORBEIL E T  AL.: RING OPENIN( 

reaction. When no further water was liberated the reac- 
tion mixture was cooled and washed successively with 1 N 
sodium hydroxide (200 ml) and water (200 ml). The 
organic layer was concentrated in vacrro to a syrup which 
was distilled through a vigreux column to give 3-acetyl- 
5,6-dihydro-2-methyl-1,4-oxathiin (7) (43 g or 27%), a 
yellow liquid of b.p. 89-90" at  0.5 mm. N.m.r. (CDCI,): 
4.31 (2H, m, CH,O), 2.96 (2H, m, CH,S), 2.26,2.23 (each 
3H, s, CH,); i.r. (film): 1670 (CO), 1635 cm-' (C=C). 

Anal. Calcd. for C7Hlo02S:  C, 53.13; H, 6.37. Found: 
C, 52.79; H, 6.45. 

Rearrangement of Ethyl 2- (2-lrydro,~yethylthio) acetoace- 
late (11) to form Ethyl (2-acetoxyethylthio) - 
acetate (12) 

A sample of ethyl 2-(2-hydroxyethy1thio)acetoacetate 
was prepared by the method given in ref. Ib and was not 
isolated. Thus to ethyl 2-chloroacetoacetate (25) (15.0 g, 
0.089 mol) and 2-mercaptoethanol (6.8 g, 0.089 mol) in a 
mixture of toluene (200 ml) and water (50 ml) was added 
sodi~rm bicarbonate (7.5 g, 0.089 mol). The reaction 
mixture was stirred for 18 h, the phases were separated, 
and some to l~~ene  (100 ml) distilled from the toluene 
phase to remove any residual water. To the resulting 
toluene solution of ethyl 2-(2-hydroxyethy1thio)aceto- 
acetate was added 6 drops of a 10% solution of sodium 
ethoxide in absolute ethanol. The mixture was heated on a 
steam bath for 2 h and the toluene was then removed 
under reduced pressure. The residue was distilled to give 
ethyl (2-acetoxyethy1thio)acetate (10.2 g or 56%), b.p. 
96-100" at  0.4 mm. This material proved to be identical in 
every respect to a sample made by acetylation of ethyl 
(2-hydroxyethy1thio)acetate (9). N.m.r. (CDCI,): 4.24 
(2H, t, J = 6.5 Hz, 0CH2CH2), 4.19 (2H, quartet, 
J = 7.2 HZ, OCHlCH,), 3.28 (2H, S, SCH2CO), 2.86 
(2H, t, J = 6.5 HZ, SCHlCHl), 2.05 (3H, S, CH3CO), 
1.27 (3H, t, J = 7.2 Hz, CH3CH2); i.r. (film): 1635, 1225, 
1025 cm-I. 

Reactiotr of 3-Acety1-5,6-diliyd,.o-2-n1et/iyl-1,4-oat/ii (7) 
with Hydrazitre to fort72 4-(2-Hydroxyetlry1thio)-3,5- 
dimethylpyrazole (8 )  

To a stirred solution of 3-acetyl-5,6-dihydro-2-methyl- 
1,4-oxathiin (3.16 g, 0.02 mol) in isopropanol (5 nll), 
cooled in an  ice-water bath, was added dropwise a solu- 
tion of aqueous hydrazine hydrate (85%, 1.3 g, 0.022 mol) 
in isopropanol (5 ml). After standing 12 h the reaction 
mixture was filtered to yield 4-(2-hydroxyethylthi0)-3,s- 
dimethylpyrazole (8) (2.5 g or 73%) of m.p. 162-163". 
Recrystallization from isopropanol gave colorless 
prisms: m.p. 162-163". N.m.r. (DMSO-(I6): 3.45 (2H, t, 
J = 7 HZ, CH20),  2.56 (2H, t, J = 7 HZ, CHlS), 2.23 
(6H, s, 2CH3); i.r. (KBr): 1565, 1040 cm-';  u.v.: h ,,,, 
(MeOH) 235 nm (1520). 

Anal. Calcd. for C7HlZN20S: C, 48.80; H,  7.02; N, 
16.26. Found: C, 48.64; H, 7.16; N, 15.86. 

N- (5,6-Dihyr/ro-2-n1ethyl-l,4-oxnthiitr-3-ylcarbonyl) -Nf- 
phenylwea (13) 

To a mixture of sodium hydride (7.2 g, 0.3 mol) and 
N-phenylurea (41 g, 0.3 mol) in dry benzene (270 ml) and 
dimethylforman~ide (30 ml), which had been warmed and 
stirred for 1.5 h, was added dropwise over 25 min a 
solution of 5,6-dihydro-2-methyl-1,4-oxathiin-3-carbonyl 
chloride (14) (Ib) in benzene prepared from the corre- 

sponding acid (50 g, 0.33 mol) and thionyl chloride. The 
reaction mixture was then stirred and heated under reflux 
for 1 h and finally let stand at room temperature over- 
night. It was washed with 5% aqueous sodium hydroxide, 
dried over sodium sulfate, and the solvent removed. The 
residual oil solidified and the solid was recrystallized 
three times from ethanol (charcoal) to give white crystals 
(10.4 g o r  12%) of m.p. 120-123". N.m.r. (CDCI,): 10.57 
( lH ,  s, NH, D,O exchangeable), 8.84 ( lH ,  s, NH, D,O 
exchangeable), 7.3 (5H, m, aromatic), 4.35 (2H, m, 
CH20) ,  2.86 (2H, m, CH2S), 2.25 (3H, s, CH,). 

Anal. Calcd. for C I ~ H ~ , N ~ O ~ S :  C, 56.09; H, 5.07; N, 
10.06. Found: C, 56.27; H, 5.24; N, 9.81. 

5- (2-Hyd~oxyetlryltl~io) -6-t~rethyl-1-phetrylumil(15) 
(a) Fro111 Ethyl 5,6-Dilrydro-2-t11etliyI-l,4-oxatkiit~-3- 

cnrbosylate (16) a t~r l  N-Plretrylrrrea 
T o  a mixture of sodium hydride (8.4 g, 0.35 niol), N- 

phenylurea (40 g, 0.29 rnol), and dry toluene (300 nil), 
which had been allowed to  stand for 1 h, was added ethyl 
5,6-dihydro-2-methyl-I,4-oxathiin-3-carboxylate (49.8 g, 
0.27 mol) (Ib). The mixture was heated under reflux. In 
about 45 min the solids dissolved almost con~pletely and 
then precipitation began. The reaction mix t~~re  was 
stirred and heated under reflux for 2 h and subsequently 
let stand overnight; it was then treated with excess 5% 
aqueous sodium hydroxide and filtered. The aqueous 
phase was separated and acidified with concentrated 
hydrochloric acid. The precipitate was filtered, washed 
with water, dried, and washed with hot acetone and 
ethanol yielding a white solid (40.7 g or 55%) of m.p. 
237-243". Further p~rrification by reprecipitation from 
aqueous sodium hydroxide followed by recrystallization 
from acetic acid yielded a product melting a t  247.5-249". 
N.m.r. (DMSO-d6): 11.53 (I H, s, NH, D 2 0  exchangeable), 
7.44 (5H, s, aromatic), 4.68 (IH, t, OH, D,O exchange- 
able), 3.43 (2H, t, CH,O), 2.73 (2H, t, CH2S), 2.10 (3H, s, 
CH,); i.r. (KBr): 3440, 1484, 1050, 760, 700 cm-'. 

Anal. Calcd. for C13H14N203S: C, 56.09; H, 5.07; N, 
10.06. Found: C, 56.55; H,  5.27; N, 10.40. 

(b) Frot7r N- (5,6- Dihydro-2-ntetlryl-l,4-oxatlriitr-3-yl- 
carborryl) -N'-pkeny l~irea (13) 

T o  a solution of N-(5,6-dihydro-2-methyl-l,4-0xathiin- 
3-ylcarbony1)-N' phenylurea (13) (6.0 g, 0.022 mol) in dry 
toluene (40 n11) was added sodium hydride (0.6 g, 0.026 
mol). The mixture was heated under reflux for  3 h, cooled 
to room temperature, and extracted with 5% aqueous 
sodium hydroxide (40 ml). The aqueous phase was 
separated after filtration and acidified with concentrated 
hydrochloric acid. The precipitate was collected, washed 
with water, and dried to yield a white solid (3.5 g or 57%) 
of m.p. 241-246". The identity of this product with that 
obtained by method (a) was established by comparison of 
i.r. spectra and by m.m.p. determination. 

5- (2-Hyrl,.oxyetlrylthio) -3,6-dinletlryl-I-plrenyl~iracil 
5-(2-Hydroxyethylthio)-6-methyl-I-phenyluracil (15) 

was nlethylated in aqueous sodium hydroxide with 
dimethyl sulfate in the usual manner (11). T h e  yield of the 
product after crystallization from toluene and from 
acetone - petroleum ether was 76%, m.p. 136-137.5". 
N.m.r. (CDCI,): 7.3 (5H, m, aromatic), 3.68 (3H, t, 
CH2O + OH), 3.40 (3H, S, CH,), 2.84 (2H, t, CHlS), 
2.28 (3H, S, CH3). 
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Anal. Calcd. for C,,HI6N2O3S: C, 57.51; H, 5.51; N, 
9.58. Found: C, 57.80; H, 5.76; N, 9.52. 

5- (2-Chloroetlryltlrio) -6-tptetlryl-1-phetryl~~racil 
To a stirred solution of 5-(2-hydroxyethy1thio)-6- 

methyl-I-phenyluracil (15) (20 g, 0.068 mol) in chloro- 
form (500 ml) was added over 40 min a solution of 
thionyl chloride (10 ml) in chloroforni (50 ml). The 
reaction mixture was heated under reflux for 2 11, let 
stand overnight at room temperature, and filtered. The 
solvent and excess thionyl chloride were removed froni the 
filtrate and the residue recrystallized from acetone and 
ethanol to yield a white solid (17.0 g or 84%) of m.p. 205- 
206.5". N.m.r. (DMSO-4): 11.53 (IH, s, NH), 7.39 (5H, 
s, aromatic), 3.72 (2H, t, CH,CI) 2.99 (2H, t, CH2S), 2.10 
(3H, s, CH,); i.r. (KBr): OH bands absent. 

Anal. Calcd. for C13H13CIN202S: C, 52.60; H, 4.41; 
N, 9.44. Found: C, 52.99; H, 4.47; N, 9.03. 

I -  (5-Clrloro-2-t~retlrylplretryl) -5- (2-lryrlr.os)~e/lryIt/rio) -6- 
nietlrylrrracil 

This was prepared from ethyl 5,6-dihydro-2-methyl-l,4- 
oxathiin-3-carboxylate (16) and N-(5-chloro-2-methyl- 
pheny1)urea as above. The product melted at 242-244' 
and the yield was 31%. N.ni.r. (DMSO-A): 11.6 (IH, s, 
NH), 7.40 (3H, m, aromatic), 4.65 (IH, s, OH), 3.52 (3H, 
t, CH,O), 2.77 (2H, t, CH,S), 2.1 1, 2.07 (each 3H, s, 
CH3). 

Anal. Calcd. for C,,H1,CIN2O3S: C, 51.45; H, 4.62; 
N, 8.57. Found: C, 51.31; H, 4.58; N, 8.86. 

5,6-Dilryrlro-2-~~retl~yl-1,4-oxat/rii~r-3-carboxylic Acid 
Hydrazide (17) 

A suspension of 5,6-dihydro-2-methyl-1,4-oxathiin-3- 
carboxylic acid (32 g, 0.2 mol) in thionyl chloride (20 ml, 
0.28 mol) and benzene (200 nil) was heated at 70" until the 
solid dissolved. The reaction mixture was concentrated itr 
vacuo to a syrup which was dissolved in chloroform 
(50 ml) and added dropwise to a stirred solution of 
hydrazine hydrate (85%, 100 ml) in chloroform (200 ml) 
cooled in an ice bath. After addition of the acid chloride 
was completed, the reaction mixture was kept at room 
temperature for 12 h before the chloroforni layer was 
separated and extracted with cold 2.5 N hydrochloric acid 
(600 ml). The acidic aqueous extract was added to sodium 
bicarbonate (150 g) to give a weakly basic solution which 
was extracted with chloroform (2 x 200 ml). The chloro- 
form extracts were combined and concentrated itr vacuo 
to a syrup which was crystallized from ethanol to give the 
hydrazide (15.9 g or 46%) as colorless needles of m.p. 
129.5-130.5". N.m.1. (DMSO-A): 5.1 (3H, broad, NH), 
4.2 (2H, m, CH,O), 2.96 (2H, m, CH2S), 1.97 (3H, s, 
CH,); i.r. (KBr): 1650 cm-I (CO). 

Anal. Calcd. for C,HlON2O2S: C, 41.36; H, 5.79; N, 
16.08. Found: C, 41.38; H, 5.80; N, 16.18. 

Rearratigetptent of 5,6-Dilzydro-2-t?rell1yI-I,4-oxa/lriirr-3- 
carboxylic Acid Hydrazidr (17) lo 4-(2-Hydroxy- 
ethyltllio)-3-nretlgvl-2-pyrazolirr-5-orre (18) 

A solution of S,6-dihydro-2-methyl-1,4-oxathiin-3- 
carboxylic acid hydrazide (3.48 g, 0.02 mol) in n-butanol 
(20 ml) was heated under reflux for 24 h. The crystals, 
which formed on cooling, were filtered and washed with 
isopropanol to yield 4-(2-hydroxyethy1thio)-3-methyl-2- 
pyrazolin-5-one (18) (2.85 g or 82%) of m.p. 187-189". 

Recrystallization from ethanol gave colorless needles: 
m.p. 188-190". N.m.r. (DMSO-d6): 8.5 (3H, broad, 
NH + OH), 3.48 (2H, t, J = 7 Hz, CH,O), 2.55 (2H, t, 
J = 7 Hz, CH,S), 2.18 (3H, s, CH,); i.r. (KBr): 2900- 
2600 cm-I (zwitterion), 3420, 1030 cm- ' (primary OH); 
u.v.: h ,,,, (MeOH) 242 nm (2650). 

Anal. Calcd. for C6HloN202S:  C, 41.36; H, 5.79; N, 
16.08. Found: C, 41.54; H, 5.84; N, 16.12. 

5,6- Dilryho-2-tt~etllryl-N- (2-pyridyl) -1,4-osat1rib1-3- 
carbo.vattrirle (20) atrd4H-3-(2-Hydroxyerlryltlrio)-2- 
tnetlry(pyriclo j1,2-ajpyritt1idit1-4-te (210) 

A solution of 5,6-dihydro-2-methyl-1,4-oxathiin-3- 
carbonyl chloride (14) (lb) in benzene (prepared from the 
corresponding acid (16 g, 0.125 niol) in benzene (250 ml) 
and thionyl chloride (18 g, 0.152 mol)) was added drop- 
wise over 2 h to a stirred mixture of 2-aminopyridine 
(9.4 g, 0.: mol), triethylamine (10.2 g), and benzene 
(300 ml). The reaction mixture was kept at 4-5" during the 
addition and then left to stand at room temperature over- 
night. The precipitate (mainly Et,N.HCI) was collected 
and washed thoroughly with hot benzene. The  solvent was 
removed froni the filtrate under reduced pressure and the 
residue placed in a funnel, pressed, and washed with a 
little cold acetonitrile. Two crystallizations from aceto- 
nitrile afforded compo~~nd  21a (12.2 g o r  56%) of m.p. 
109-1 11.5". N.m.r. (CDCI,): 8.93 (IH, d, aromatic), 
7.95-7.00 (3H, complex, aromatic), 4.15 ( l H ,  s, OH), 3.67 
(2H, t, J = 6 Hz, CHZO), 2.98 (2H, t, J = 6 Hz, CH,S), 
2.72 (3H, s, CH,); i.r. (KBr): 3270, 1670, 1625 cm-' ; 
LI.V.: h ,,,, (EtOH) 248 (I 1 500), 352 nm (14 300). 

Anal. Calcd. for Cl IHl,N20,S: C, 55.93; H, 5.12; N, 
11.86. Found: C, 55.98; H, 5.12; N, 11.80. 

The hydrobromide of 210 was prepared by addition of 
60% HBr to a solution of the base in acetone. Recrystalli- 
zation from acetonitrile containing a little water gave 
crystals of m.p. 235-236" (dec.). 

Anal. Calcd. for C, , H1,BrNZO2S: C, 41.65; H, 4.13; 
N, 8.83. Found: C, 41.39; H, 4.22; N, 8.87. 

The combined acetonitrile washings and mother 
liquors from the purification of 210 were evaporated 
under reduced pressure and the residue dissolved in 
chloroform. The chloroforn~ solution was washed with 
aqueous s o d i ~ ~ m  bicarbonate and warm water and then 
dried over sodium sulfate. A small amount of 210 (0.4 g, 
m.p. 110-1 12") was obtained from the aqueous washings. 
The solid material isolated from the chloroform solution 
was recrystallized from 95% ethanol to give the amide 20 
(0.9 g or 4%) of m.p. 108.5-110". N.m.r. (CDCI,): 8.76 
( IH,  s, NH), 8.34-6.85 (4H, complex, aromatic), 4.36 
(2H, ni, CH20), 2.93 (2H, n ~ ,  CHZS), 2.25 (3H, s, CH3); 
i.r. (KBr): 3160, 1670, 1655, 1M)Ocm-'. 

Anal. Calcd. for CllH12N,0,S: C, 55.93; H, 5.12; N, 
11.86. Found: C, 55.73; H, 5.11; N, 11.93. 

From theethanolic mother liquors an additional amount 
of compound 21a was obtained (0.6 g, m.p. 109-111"). 

Stability of Conrporrtzd 20 rrtrder tlre Reactiotz Cot2ciitions 
A solution of 0.83 g of the amide 20 in benzene (40 ml) 

containing triethylamine (0.5 g) was kept for 3 h at 5" and 
an  additional 3 h at room temperature. The  solvent and 
triethylamine were removed under reduced pressure. The 
residue, 0.80 g, melted at 106109"; it was identified as 20 
by i.r., n.m.r., and m.m.p. 
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CORBEIL E T  AL.: RING OPENING O F  DIHYDRO-I ,4-OXATHIINS 2657 

Conpounds 24a, 246, 25a, 256, and 27 
! The following procedure was used for the preparation 

of these compounds. To a stirred slurry or solutlon of the 

I aminopyridine or 2-amino-4,6-dimethylpyrimidine (0.10 

I mol) in benzene (300mI) containing triethylamine 
(10.2 g) was added dropwise over 1.5 h a solution of the 
acid chloride 14 (0.12 mol) in benzene (100 ml). The re- 
action mixture was kept at  about 5" during the addition 
and then left to stand at room temperature overnight. The 
reaction mixture was filtered and the precipitate washed 
with benzene. The benzene was removed from the filtrate 
under reduced pressure and the residue purified by crystal- 
lization. 

4H-3- (2-Hydroxyetlrylthio-2,9-dirne1I1y/pyridoj 1,2-01- 
pyritnidin-4-one (24a) 

Yield: 10.2g or 41%; m.p. 92-92.5" (Me2CHOH); 
n.m.r. (CDCl,): 8.88 (lH, d, aromatic), 7.80-6.95 (2H, 
complex, aromatic), 4.32 ( lH ,  t, J = 7 Hz, OH), 3.88- 
3.45 (2H, m, CH20) ,  2.97 (2H, t, CH2S), 2.74, 2.56 (each 
3H, S, CH,); i.r. (KBr): 3410, 1653, 1620cm-'. 

Anal. Calcd. for Cl2Hl4N2O2S: C, 57.59; H,  5.64; N, 
11.20. Found: C, 57.63; H, 5.83; N, 11.22. 

The 0-acetyl derivative of compound 24a was prepared 
by heating briefly on a steam bath a solution of 24a in 

I pyridine with excess Ac20;  m.p. 78.5-79" (petroleum 

I ether). 

i 
Anal. Calcd. for CI4Hl6N2O3S: C, 57.53; H, 5.52; N, 

9.59. Found: C, 57.41; H, 5.52; N, 9.45. 

4H-3- (2-Hj~dro~yetl~ylthio) -2,8-rlin~ethylpy,irlo/I ,2-a]- 
pyrirnidin-4-one (246) 

Yield: 12.2 g or 49%; m.p. 133-134" (benzene); n.m.r. 
(CDCI,): 8.88 (lH, d, aromatic), 7.43-6.90 (2H, complex, I aromatic), 4.05 (IH, s, OH), 3.65 (2H, t, CH20) ,  2.94 

I (2H, t, CH2S), 2.72, 2.50 (each 3H, s, CH,); i.r. (KBr): 
1 3410, 1670, 1638 cm-I. 
I Anal. Calcd. for C12H14N202S: C, 57.59; H, 5.64; N, 

11.20. Found: C, 57.43; H, 5.77; N, 11.24. 

I 
The hydrobromide of 246 (prepared as that of 21a) was 

recrystallized from ethanol to give material of m.p. 
222-223" (dec.). 

Anal. Calcd. for C12H15BrN202S: C, 43.52; H,  4.56; 
N,8.45. Found:C,43.49; H,  4.69; N, 8.17. 

The 0-acetyl derivative of 246 (prepared as that of 24a) 
melts at 90-91' (petroleum ether -acetone). 

Anal. Calcd. for C14H16N203S: C, 57.53, H ,  5.52; N ,  
9.59. Found: C, 57.52; H, 5.46; N, 9.47. 

5,6-Diliydro-2-n~etliyl-N- (6-nlethyl-2-pyridyl) -1,4- 
oxathiirl-3-carboxar~lirle (25a) 

Yield: 21.3 g or 85%; m.p. 87-89" (EtOH); n.1n.r. 
(CDCI,): 8.76 ( lH,  s, NH), 8.20-6.78 (3H, complex, 
aromatic), 4.36 (2H, m, CH20),  2.92 (2H, m, CHIS), 2.43, 
2.27 (each 3H, s, CH3); i.r. (KBr): 3360, 1666 cm-I. 

Anal. Calcd. for C12H14N202S: C, 57.59; H, 5.64; N, 
11.20. Found: C, 57.77; H, 5.78; N, 10.93. 

The hydrobromide of 250 (prepared as that of 210) was 
crystallized from acetone to give crystals of m.p. 178-179" 
(dec.). 

Anal. Calcd. for C12H15BrN202S: C, 43.52; H,  4.56; 
N, 8.45. Found: C, 43.61; H, 4.59; N, 8.45. 

5,6- Dihydro-2-tnetlryl-N- (4,6-di~netliyl-2-pyridyl) - I  ,4- 
oxathiin-3-carboxa~nide (256) 

Yield: 16.6 g or 63%; m.p. 128-129" (EtOH); n.m.r. 

(CDCl,): 8.53 (lH, s, NH), 7.81 (lH, s, aromatic), 6.66 
( lH ,  s, aromatic), 4.33 (2H, m, CH20),  2.91 (2H, m, 
CH2S), 2.37, 2.29, 2.25 (each 3H, s, CH,); i.r. (KBr): 
3350, 1660 cm-'. 

Anal. Calcd. for C13H16N202S: C, 59.08 ; H, 6.10; N, 
10.60. Found: C, 58.89; H, 6.23; N, 10.27. 

The hydrobromide of 256 (prepared as that of 21a) 
melts at  170-170.5" (acetone). 

Anal. Calcd. for CI3Hl7BrN2O2S: C, 45.23; H, 4.96; 
N,8.11. Found:C,45.50; H,4.92;N,8.01. 

5,6- Dihydro-2-~netlzyl-N- (4,6-di1netl1yl-2-pyri11iidj1/) -1,4- 
oxathiin-3-carbosan~irle (27) 

Yield: 8 g or 30%; m.p. 143-144" (acetone); n.m.r. 
(CDCI,): 8.67 ( lH,  s, NH), 6.77 ( lH,  s, aromatic), 4.40 
(ZH, m, CH20) ,  2.98 (2H, m, CH2S), 2.45 (6H, s, 2CH3), 
2.29 (3H, s, CH,); i.r. (KBr): 3220, 1680 cm-I.  

Anal. Calcd. for C,2H15N302S: C, 54.33; H, 5.70; N, 
15.84. Found: C, 54.69; H, 5.67; N, 15.63. 

4H-3- (2-Hydrox)~e111ylthio/ -2,7-rli1rretl1ylpyrid0[1,2-a]- 
pyrimia'in-4-one (24c) 

T o  a stirred mixture of 2-amino-5-methylpyridine 
(10.8 g, 0.1 mol), triethylamine (10.5 g), and benzene 
(300 ml) was added dropwise over 2 h a solution of the 
acid chloride 14 (0.125 mol) in benzene (100 ml.). The 
reaction mixture was kept at  3-7' during the addition and 
then left to stand at room temperature overnight. The 
cooled reaction mixture was filtered and the precipitate 
treated with cold water (100 ml). The insoluble material 
was collected and dried in an oven under reduced 
pressure. Crystallization from ethanol-water (10 : 1) 
afforded crystals (8.8 g o r  35%) of m.p. 122-123". The 
benzene filtrate yielded a n  additional amount of product 
(1.5 g, m.p. 118-121"). N.m.r. (CDCI,): 8.82 (IH, s, 
aromatic), 7.80-7.30 (2H, complex, aromatic), 3.65 (2H, 
t, CHZO), 2.96 (2H, t, CH2S), 2.73, 2.45 (each 3H, S, 
CH,); i.r. (KBr): 3395, 1653, 1625 cnl-'. 

Anal. Calcd. for C12H14N202S: C, 57.59; H,  5.64; N, 
11.20. Found: C, 57.90; H, 5.40; N, 11.22. 

The hydrobromide of 24c (prepared as that of 210) was 
recrystallized from ethanol to give material of m.p. 239" 
(dec.). 

Anal. Calcd. for CI2H L5BrN202S: C, 43.52; H, 4.56; 
N, 8.45. Found: C, 43.55; H, 4.54; N, 8.46. 

The 0-acetyl derivative of compound 24c (prepared as 
that of 24a) melts at 119-120" (petroleunl ether). 

Anal. Calcd. for C14H16N203S: C, 57.53; H, 5.52; N, 
9.59.Found:C,57.60; H ,  5.61;N,9.54. 

4H-3- (2-Hyrioxye~l~yl~hio) -2-1ne/l1ylpyriniirl0[1,2-0]- 
pyrin~idin-4-one (26) 

To a stirred mixture of 2-aminopyrimidine (9.5 g, 0.1 
mol), triethylamine (10.2 g), and benzene (300 ml) was 
added dropwise over 1 h a solution of the acid chloride 14 
(0.125 mol) in benzene (100 ml). The reaction mixture was 
kept at  3-5" during the first 2 h of the reaction and then 
left to stand at room temperature overnight. The precipi- 
tate was collected by filtration and washed with a little 
cold benzene. Then it was dissolved in water and the 
resulting solution basified with ammonia and extracted 
with chloroform. The extract was dried over sodium 
sulfate and the chloroform and triethylamine removed 
under reduced pressure. The crystalline residue (7.4 g) 
melted at  138-145". Recrystallization from acetonitrile 
furnished crystals (5 g o r  21%) of m.p. 150-152". The 
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benzene filtrate and washings yielded an additional small 6. R. J .  GROUT, B. M.  HYNAM, and M. W. PARTRIDGE. 
amount of product (0.5g, m.p. 147-150"). N.m.r. J. Chem. Soc. C, 1590 (1969). 
(CDCI,): 9.37-8.99 (2H, complex, aromatic), 7.34-7.10 7. 0. V. MATTSON and B. E. BERTILSSON. German 
( lH,  n ~ ,  aromatic), 3.85-3.40 (3H, complex, CHlO + Offen. 2,133,450 (1972). 
OH); on addition of DIO this absorption is replaced by a 8. R.  Fusco. 111 The chemistry of heterocyclic com- 
triplet, 2H, J = 6 Hz, CH20) ,  3.01 (2H, t, J = 6 Hz, pounds. Vol. 22. Edited by A. Weissberger. Intersci- 
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The 0-acetyl derivative of compound 26 (prepared as 2097 (1969). 
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