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Abstract: The facile svnthesis of 3-methvlene-2,3-dihvdro-5H-thiasolo- 
[3,2-clpyrimidin-5-ones- (9) has been performed by the-catalytic action 
of a Pd(II) salt on 4-pr@rgylthiopyrimidin-2(1H)-ones (6). Similar 
Pd(IIl-catalyzed cyclization of 3-propargylthio-1,2,4-fiiazin-5(2H)- 
ones (101 gives 
triazin-Tones 

6-methylene-6,7-dihydro-4H-thiazolo~2,3-cl~l,2,4l- 
(11) as a main product. 3-Methylene-2,3-dihydro-7H- 

thiasolo[3,2-b][l~2,4ltriazin-7-ones (12), the regioisomers of-=, are 
provided by a base-catalyzed cyclizatiz of 10 -* 

Many efforts have been devoted to prepare a variety of heterocyclic systems by 

using palladium-catalyzed intramolecular functionalisation of olefins as the ring- 

forming step. 
1 

Such a functionalization by use of acetylenic moiety seems to be 

very attractive because the remaining double bond might be used for the further 

manipulations after cyclisation. However, only a few reports, e.g. l-amino-3- 

alkyn-2-01s to pyrrolesl and homoalkynyl alcohol to a-methylene lactones via 

carbonylation, 3 have been recorded. Recently we have disclosed that the S + N 

allylic transformation of 3-allylthio-1,2,4-triasin-5(2H)-ones4 and 4-allylthio- 

pyrimidin-2(lH)-ones5 are effectively catalyzed by Pd(I1) salts (Scheme I). 

Since the addition of amines and amides to acetylenes is a well-known 

Scheme I 

process,6 it is of in- 

terest to know, not only 

from a mechanistic but 

also a synthetic point 

of view whether I-pro- 

pargylthiopyrimidin- 

2(1Hl-ones 5 undergo the 

[3,3lsigmatropic rear- 

rangement or a direct 

nucleophlic addition of 

amide function to 

acetylenes (Scheme II). 
7 

The former process might 

provide 2-methylene-2,3- 

dihydro-5H-thiazolo- 

R 
Pd(I1) 

0 
+ 
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Scheme II 
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[3,2-clpyrimidin-S-ones 2 and the latter process 3-methylene-2,3-dihydro-SH- 

thiazolo[3,2-clpyrimidin-5-ones 2, both of which are exo methylene regioisomers of 

thiasolopyrimidones. In this paper' we describe that by the catalysis of Pd(I1) 

salts 5 specifically undergoes the cyclkzation via a nucleophilic addition of amide 

to acetylene to provide 2 in a reasonable yield. 3-Propargylthio-1,2,4-triazin- 

5(2H)-ones 10 undergo the similar Pd(II)-catalyzed cyclization to give 6-methylene- - 
6,7-dihydro-4H-thiazolo[2,3-cl[l,2,4ltriazin-4-ones 11 together with a small amount - 
of their regioisomer 3-methylene-2,3-dihydro-7H-thiazolo[3,2-bJ~l,2,4ltriasin-7- 

ones 12 (Scheme III). This regioisomer 12 could be obtained specifically by the - 
NaOH catalyzed cyclization of 10. - 

Scheme III 

Results and Discussion 

Cyclization of 5 to Thiazolopyrimidones 2 

The palladium-catalyzed reaction was performed for the typical eight kinds of 

4-propargylthiopyrimidin-2(lH)-ones 5 (6a-h; -- Table I) using l-10 mol% of bfs(benzo- 

nitrilelpalladium chloride as a catalyst in a wide range of solvents at their 

refluxing temperatures. Protic (e.g., methanol) and aprotic (e.g., acetonitrile, 

1,2_dimethoxyethane DMB, tetrahydrofuran THF, dioxane, etc) are applicable, but 

judging from the yield of 2, reaction times and conversions, acetonitrile and 

methanol were mostly employed (cf. entries 3, 4 and 5). In every case (except for 

entry 141, 3-methylene_2,3-dihydro-58-thiazolo[3,2-clpyrimidin-5-ones 2 was formed 

cleanly and in a reasonable yield. From Table I, it is apparent that the R1 

and/or R3 methyl substituent(s) accelerate the reaction. For the SteriC reaSOnSr 



Table I. The Cyclization of 4-Propargylthiopyrimidin-2(lH)-ones (5) to 

3-Methylene-2,3-dihydro-5H-thiazolo[3,2-clpyrimidin-5-ones (2) 

4-propargylthiopyrimidone Pda reaction conversion product yieldC 
entry 

a R1 R2 R3 R4 (mol%) condition 
b 

(%) 9 ($1 

1 6a H H H H 5 - 
2 6a H H H H none - 
3 j& CH3 H H H 5 

4 j& CH3 H H H 5 

5 6b CH3 H H H 5 - 

6 6b CH3 H A H none - 
7 6c F H H H 10 - 
8 !S A CH3 H H 2 

9 6e Br CH3 H H 5 

10 sf H H CH3 H 1 

11 sf H H 
CH3 

H none 

12 & CH3 H CH3 H 2 

13 & CH3 H CH3 H none 

14 6h H H H CH, 5 

DME, 5 h 76 

CH30H, 18 h 100 

CH3CN, 2 h 100 

CH30H, 2 h 100 

DME, 8 h 100 

CH30H, 30 h 66 

CH3CN, 7 h 100 

CH30H, 1 h 100 

CH3CN, 3 h 100 

CH30H, 1 h 100 

CH30H, 48 h 76 

CH30H, 1 h 100 

CH30H, 37 h 80 

dioxane, 37 h 58 

%I 88 

9a 0 - 
9b 78 - 

9b 76 - 
9b 57 - 

9b 39 

scd 35 - 
9d 93 - 

se 80 

9f 82 - 
9f 88 - 
B 75 

B 75 

9h e - 

al PdCl (PhCN) 
*a 2 

was used and the amount of catalyst is not optimized. b) At the 
refluxi g temp rature of the solvent indicated. c) Yields refer to the isolated 
ones based on conversion. d) Product 9c is unstable. 
the decomposition during reaction and purification. 

Low yield might be due to 
e) The exact structure of 

products could not be determined (see text). 

the R1 and R3 substituents seem to operate to orient the propargyl group to the 

close proximity of the pyrimidone N-3 center and accelerate the cyclization. 

Cyclization of 6h (R1 = R2 = R3 = H, R4 = - 
CH31 was slow and gave many products. Among them 

K 
S 

3-ethylidene-5H-thiasolino[3,2-clpyrimidin-5-one 

E and 4-methyl-2H,6H-[1,31thiazino[3,2-clpyrimi- 
3 

a 

S 

din-6-one 9&l, whose structures 
=& o& 

were assigned 
c"'o& 3 

tentatively, were isolated in 11% yield as a 9h 9h’ 

chromatographically non-separable 1:l mixture. 

The fluorinated substrate 6c showed the similar or a slightly reduced - 
reactivity compared with 6a. - In this case the modest isolated yield of 9c may be - 
probably due to instability of the product, which seems to decompose during 

reaction and chromatography purification. 

The smooth cyclization of 6d may be attributed to an enhanced nucleophilicity - 
of the pyrimidone N-3 nitrogen atom by the R2 methyl group and/or to the stability 

of the product 9b. 
9 

- 
Interestingly, even in the absence of Pd(II) salts, the relatively reactive 

6b, 6f and a could be cyclized at the methanol refluxing temperature to give e, - 

s and a, respectively. These reactions, however, are very slow and hardly 

attain the completion. In order to get rid of drawbacks (sluggishness, low yield, 

limited applicability, cf. entry 2) in the thermal cyclization, many reaction 

conditions were tried, but all attempts resulted in either complete decomposition 

(e: cat. CR30Na, cat. p-toluenesulfonic acid, or 1.2 eguiv of RF3-etherate in 

refluxing CH30H or DMF, 120 'C) or complete recovery of 6b (1.2 equiv of 13F3- - 
etherate in refluxing THF). 

Cycliaatfon of 2 to thiazolo-1,2,4-triazinones (11 and 12) - 

For the Pd(II)-catalyaed reaction of 3-propargylthio-1,2,4-triasin-5(2Hl-ones 

0, in addition to the problem of the course of the reaction (a [3,3lsigmatropic 
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rearrangement vs. direct nucleophilic addition of amide to acetylene, cf. Scheme 

II), there exists another problem of regiochemistry, i.e., alkylation at the N-2 

vs. N-4 nitrogen atoms of triazinone ring. Again in this triazinone case, only 

the direct nucleophilic addition of amide function to the propargyl triple bond 

took place. 

Results, together with 'the reaction conditions for six kinds of 2, are 

summarized in Table II. As seen from this Table, l-5 mol% of a Pd(II1 salt is 

sufficient for the complete cyclization of 10. The reaction could be undertaken - 
both in aprotic (CH3CN, DME, THF) and protic (CH30Hl solvents at their refluxing 

temperatures. Generally Pd-catalyzed reaction provides 6-methylene-6,7-dihydro- 

4H-thiazolo[2,3-clI1,2,4ltriazin-4-ones 11 as a main product together with small - 
amounts of 3-methylene-2,3-dihydro-7H-thiazolo~3,2-b1~1,2,4ltriazfn-7-ones 12 and - 
depropargylated product 13 (Scheme III). - There seems to be a general trend that 

the product 13 is formed in large amounts in the cases where the reactions are - 
reluctant to proceed (entries 1 and 7 in Table II). The methyl substituent as R2 

accelerates the reaction and diminishes the formation of 13 (entries 9 and 121, - 
which can be explained from the steric effect of R2 substituent (vide supral. The 

reaction of 1of (R1 = R2 = 8, R3 = cH3) provided many products in which no traces 

of desirable fused compounds were detected. 

Thermal cyclization of 10 was then followed, - but no reaction took place and 

the starting material was recoverd (e.g., lob: in refluxing CH30H for 20 h). 

Surprisingly, the addition of a base was found to catalyze the cyclization of lo, 

although 5 decomposed under bacic condition. The reaction proceeded in the pre- 

sence of small amounts of base (e.g., NaOH, NaH) in protic (CH30H) and aprotic 

(DMF) solvents at 65-80 'C, and gave 12 as a single product when the reaction was - 
stopped at an appropriate conversion time (Table II). Further reaction caused 

decomposition of the product. Both the exclusive cyclization on the N-2 nitrogen 

Table II. The Cyclization of 3-Propargylthio-1,2,4-triazin-5(28)-ones (10) to 6- - 
Methylene-6,7-dihydro-4H-thiazolo[2,3-cl~l,2,4ltriazin-4-ones (111 and/or 

3-Methylene-2,3-dihydro-7H-thiazolo[3,2-bl~l,2,4ltriazin-7-ones (12) - 

propargylthiotriazine catalyst"(mol%) reaction conver- product yielde 
entry 

Rl R2 R3 Pdb NaOH' conditiond 
sion ($1 

10 (%I 11 12 13 - --- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

10a - 

10a 

E 

&OJ 

E 

lob - 

1oc - 

* 

10d - 

10d - 

m 

m 

_lof 

H 

H 

CH3 

CH3 

CH3 

CB3 
Ph 

Ph 

CH3 

CH3 

CH3 
Ph 

CH3 

A H 

H H 

H H 

H H 

A H 

H H 

H H 

H H 

CH3 H 

CH3 H 

CH3 H 

CH3 H 
H 

CH3 

5 - CH3CN, 6 h 94 56 0 14 

50 CH30H, 4 h 59 0 76 0 

2 - DME, 2 h 100 64 26 4 

1 - THF, 3 h 100 44 6 - 

2 - CH30H, 10 h 90 58 11 - 

20 CH30H, 4 h 68 0 74 0 

5 - DNE, 6 h 100 43 8 25 

10 CH30H, 9 h 62 23 73 0 

2 - CH30H, 2 h 100 70 10 5 

10 CH30H, 4.5 h 88 0 87f 0 

109 DMF, 80 'C, 3 h 79 0 54h 0 

2 - DME, 2 h 100 70 15 3 

5 - CH3CN, 2 h 93 i 

14 lof CH3 H CH3 - 160 CH30H, 22 h 0 _- - 

al The amount of catalyst is not optimized. bJlPdC1 (PhCN) 
cated amounts of 1 N NaOH was added to the 10 M re ction 

~ %oslaus,izfd. c) Indi- 
dl At the 

refluxing temperature of the solvent indicated (except entry 11). e) Yields refer 
to the isolated ones based on conversion. f) The product is a mixture of 2,6- 
dimethyl-3-methylene-2,3-dihydro-7H-thiazolo~3,2-bl~l,2,4ltriaZin-7-one (El and 
2,3,6-trimethyl-7H-thiazolo[3,2-b][l,2,4]triazin-7-one Cz1 (52 : 48). g) Sodium 
hydride was used in place of NaOH. h) The product ratio of 12d to 2 is 78 : 22. - 
i) The structure of products could not be determined. 
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atom (entries 2, 6 and 101, and the exceptional concomitant cyclization on N-4 in 

E (entry 8) are reminiscent of the selective alkylation of 3-methylthio-1,2,4- 

triazin-5(2H)-ones with alkyl halides under basic condition. 
10 

Meanwhile the pro- 

duct in entry 10 and 11 in Table II was a mixture of 2,6-dimethyl-3-methylene-2,3- 

dihydro-7H-thiazolo[3,2-bl[l,2,4ltriazin-7-one (12d) and 2,3,6-trimethyl-7H-thia- - 
zolo[3,2-b1[1,2,41triazin-7-one (14) which can be undertaken to be the base-assist- - 
ed isomerization product of 12d from the following experiment: Treatment of isolat- - 
ed 12d with 0.1 equiv of NaOH in refluxing CH30H for 1 h afforded 14 in 90 % yield. 

Reaction Mechanism and Structural Study of Fused Heterocycles 

The structure of 2 follows from its analytical and spectral data. The mass 

spectra of 2 showed the same parent peak as the corresponding starting material 5. 

The methylidene thiazoline structure of 9a was - indicated by the well separated 

allylic methylene protons ( 6 4.05, triplet, J = 1.8 Hz) and two kinds of exo 

methylene protons (6 5.15, quartet, J = 1.8 Ex, d 6.58, quartet, J = 1.8 Hz). The 

large differnce in the 
1 
H chemical shifts of exo methylene protons may be due to 

the anisotropy of the C-2 carbonyl group and the deshielded resonance was assigned 

to the methylene proton syn to the C-2 carbonyl. This assignment was also 

supported by the Eu(dpm)3 experiments. By the gradual addition of Eu(dpm)3, the 

lower field resonance shifted downfield 2.4 times larger than the higher field 

resonance. 

The two exo methylene protons and the aliphatic methyl doublet in sf and a 

(9f: - 13 1.63, doublet, J = 7.2 HZ; a: d 1.62, doublet, J = 7.2 Hz), as well as the 

regio- and stereospecific deuterization (vide infra, Scheme IV), clearly support 

the structure of 2 and exclude the possibility of the structure g. 

The exo methylene structures of 11 and 12 were determined similarly, especial- 

ly based on their 
1 
H NW? spectra: 7 - The H NMB spectra of 11 showed a close resembl- - 

ante to those of 9 and the splitting of the exo methylene chemical shifts of 12 was - 
smaller than that of 2 and 11 (e.g., &: 1.25 ppm; e: 0.63 ppm). - 

Based on these structures of 2, 11 and I.& - the reaction pathway involving a 

[3,3lsigmatropic rearrangement can be excluded . In order to get a further 

insight to the reaction mechanism, the N-l monodeuterated 6b (=6i) was subjected to -- 

Scheme IV 

H’ 5 ml\ Pd(I1) 

(1) 

d 
reflux, 3 h 

61t 
61 91 

6b 

1Od 

20 molt NaOE 

CD30D - D20 
CH, (3' 

rsflux, 1 h 

95* (conv. 858) 1% 

the Pd-catalyzed cyclixation 

(Scheme IV-l). The specific 

monodeuteration at the 

methylene proton anti to the 

C-2 carbonyl was evident on the 

bases of the disappearance of 

the higher field resonance of 

the methylene protons. 

This regio- and stereo- 

specific deuteration and the 

catalytic behavior of Pd(I1) 

species seem to be reconciled 

with the mechanism shown in 

Scheme V, which involves the 

coordination of Pd(I1) to the 

propargyl triple bond and a 

nucleophilic trans attack of 

the N-3 nitrogen atom to the 

thus activated triple bond to 

form a vinylpalladium complex 

(II,. Protonolysfs of 15 may - 
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Scheme V 

9 

provide 2 and PdC12.11 

The same monodeuterated methylidenethiazoline 91 was also obtained, though in - 

a very low conversion despite of the larger reaction times, by the reaction of 6b - 
in refluxing d4 -CH30H (Scheme IV-21. This is rationalized as a result of a simple 

trans nucleophilic addition of the N-3 nitrogen to the triple bond. Similar trans 

addition was observed in the base-catalyzed cylization of 12d (Scheme IV-3). 

3-Substituted-1,2,4-triaxin-5(2H)-ones are 

known to exist as a mixture of tautomers 16~ Scheme VI 

and 16B (Scheme VI). - It is indicated spectro- 

scopically 
12 

and chemically 4,10,13 that the 

equilibrium lies heavily to the left. 
N'Nli ~ 

Xw 

NXN 

0 N R 
- Xl 0 

Accordingly the results of cyclization of 10 1 
R 

- 
indicate that the C=N nitrogen atom, by the 16A 168 

conjugation with the N-2 nitrogen atom, reacts R = H, Me, Ph. SHB. NHeZ 
favorably with the triple bond activated by the 

coordination of Pd(II), on the other hand, the N-2 nitrogen, under basic condi- 

tions, exclusively reacts with the unactivated triple bond. Although these are 

very controversial, it is premature to discuss them in detail. 

The structures of 11 and 12 were also carefully discriminated by the compari- - - 
son of their 

1 
H NUR and UV spectra. In the 'H NMR spectra of 2, the exo methyl- 

ene proton syn to carbonyl group resonates at 1.26 - 1.37 ppm lower field than the 

anti one owing to the deshielding effect of carbonyl group. In contrast with 

this, the difference between two kinds of exo methylene protons of 12 is small - 

(0.48 - 0.74 ppel). Another basis for distinguishing 11 and 12 is comparison of - - 

their W spectra. 3,4-Disubstituted-1,2,4-triaxin-5(4H)-ones are known to show 

the absorption maxima at the longer wavelengths compared with 2,3_disubstituted 

compounds.lob The bicyclic derivatives llb and 12b showed the extremely similar - - 
absorption shapes and maxima, respectively. 

In the synthetic viewpoint of thiaxolo[3,2-clpyrimidones, only two methods, 

i.e., acid-catalyzed isomerization of 2,3-dihydro-SH-thiazolol3,2-alpyrimidin-5- 

ones14 and the reaction of 4-thiouraciles with a-haloaldehyde, 
15 

have been report- 

ed. Our method is very unique and effective from the standpoint of the avail- 

ability of starting material, ease of operation and the possibility of introducing 

an exo methylene group in good yield. For the preparation of thiazolo-1,2,4- 

triazinones, the presently available synthetic methods show drawbacks in yield,16 

limited availability of the starting materials 
17 or low selectivity.18 In COrnpa- 

rison with these, the efficiency of the present method is apparent because each of 

J..J and 12 can be prepared at will by Pd(II)-catalyzed or base-catalyzed cycliaation - 
by using a sole starting material lo. 
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a: mp 101-103 'C (n-hexane - acetone); IR 16406, 1480m, 105Om; 
1 

1.62 (d, J = 7.2 Hz, 3 Ii), 
Ii W4R (CDC13) 6 

2.01 (8, 3 Hl, 4.35 (dq,,J = 1.5, 7.2 Hz, 1 I$)$, 5.06 (t, 
J = 1.5 Hz, 1 H), 6.61 (t, J = 1.5 Hz, 1 H), 7.98 (8, 1 H); m/e 194 (M , 801, 179 
(301, 86 (381, 71 (loo), 45 (36). N OS: C, 55.66; II, 5.19; N, 
14.43; s, 16.511. Ana::2;?;d :;f2;9H&o Found: C, 55.73; H, 

9h and 9h': H WlR (CDCl ) 6 
6.6 Hz, 1 81, 3.95 ?d, J 

1.75 (d, J'= +.2 Hr.,' 

26 49 

1.; II)', 2.24 (8, 1.5 H), 3.25 
(d, J = = 1.8 HZ, 1 H), 5.45 - 5.87 (m, 1 Ii), 6.30 (cl, J = 
4.2 Hz. 1 A), 8.16 cd. J = 4.2 Hz. 0.5 H). 8.26.(d. J = 4.2 Hz. 0.5 Hj. 

Cyclisation Reaction of 10 to Thiazololl,2,4-triasinones ll.and 12 
(A) Pd(II)-Catalyzed Cyclization of 10: General Procedure: A solution of 10 and 

PdCl,(PhCN), (indicated amounts in Table II) in indicated solvent (10 tiT was 
refl6xed fof indicated period of time under nitrogen atmosphere. After removal of 
the solvent, the residue was directly subjected to a column purification (silica 
gel, CHCl 

2 
- MeOR gradient) to afford _U, 12 and 13 (13 was eluded first, and 11 

was the s cond). Analytically pure material. wereobtzned by recrystallization, 
(B) Thermal Cyclization: Treatment of lob (1 mmol) in refluxing MeOH for 20 h - 

underlnitrogen atmosphere resulted in a recovery of the starting material as judged 
from H NMR and TLC monitoring. 

(C) Base-Induced Cyclization of 10: General Procedure: A MeOH (10 ml) solution 
of 10 (1 mmol) and 1 N NaOH (indicated amounts in Table II) was refluxed for indi- 
catz period of time under nitrogen atmosphere. After cooling, the reaction mix- 
ture was neutralized by 1 N HCl, and then the solvent was removed under reduced 
pressure. The residue was subjected to column chromatography to provide 12 (and 
11 in entry 8 in Table 11). 
rmixture of 12d and 14 (52 

In the case of entry 10 in Table II, the prod=t was 

Table II, 
: 48 from their isolated yieldsjo 

10dG trea=d with 0.1 equiv of NaH in DMF at 80 
In entry 11 in 

C for 3 h. Usual 
extractiveworkup with CHCl and a column purification furnished a mixture of 12d 
and 14 (78 : 22). Analyti&lly pure samples were obtained by recyistallization. 

- 

1E: mp 134.1 OC (dec. EtOH); IR 16908, 1525m, 133Om, 12lOm; H NMR (CDCl ) 6 
4.07t, J = 1.8 Hz, 2 H),+5.32 (q, J = 1.8 Hz, 1 H), 6.57 (4, J = 1.8 Hz, 13H), 
8.19 (8, 1 H); m/e 167 (M , 1001, 139 (671, 72 (261, 69 (24). Anal. Calcd for 
c H N OS: C, 43.10; H, 3.01; N, 25.13; S, 19.18. Found: C, 43.21; H, 3.02; N, 
29.32! s, 19.04. 

12a: mp 160-163 'C (n-hexane - - acetone); IR 16458, 1560m, 1305m; 1H NMR (CDCl 1 
d 4.19 (t, J = 2.1 Hz, 2 f', 4.89 (q, J = 2.1 Hz, 1 H), 5.52 (q, J = 2.1 Hz, 1 41, 
7.61 (8, 1 H); m/e 167 (M , 371, 140 (881, 72 (loo), 71 (48), 39 (41). Anal. Calcd 
for C H N OS: C, 43.10; H, 3.01; N, 25.13; S, 19.18. 
25.005) &319.00. 

Found: C, 43.07; H, 3.07; N, 

llb: mp 146.3 'C (n-hexane - acetone); IR 16758, 1540m, 1495m, 1330m; 'H NMR 
CCDq, d 2.41 (8, 3 H), 3.89 (t+ J = 1.8 Hz, 2 H), 5.20 (q, J = 1.8 Hz, 1 Hl, 6.46 
(q, &~~1.8 Hz, 1 H); m/e 181 (M , 43), 66 (loo), 58 (63), 46 (82), 39 (100): Dv [ 
x nm (e)l 305 (2,100), 231 (2,400). 
3'Pb%; N, 23.19; S, 17b70. 

Anal. 3 g6~lNCd2~r57T7HS7NjP7S:32C, 46.40; H, 
Found: C, 46.31; H, . . 

12b: 
(MeFd4) 

mp 187-189 C (n-hexane - acetone); IR 1;45s, i57<m, i3lbm; 'H NMR 
6 2.27 (8, 3 H), 4.32 (t, J+ = 2.1 Hz, 2 H), 4.92 (q, J = 2.1 Hz, 1 H1, 

5.48 (q,B$o~ 2.1 Hz, 1 H); m/e 181 (M , 221, 
uv [X 

140 (851, 72 (loo), 71 (401, 39 (28); 
nm (t)l 257 (18,500). 

23.19Yas, 17.70. 
Anal. Calcd for C H N OS: 

N 23 06;7S7 27 79 
C, 46.40; 8, 3.89; N, 

Found: C, 46.25; H, 3.93: . . . 
llc: mp 90.6 OC (n-hexane - acetone); IR ;neat) 168bs 1505m, 

NMRTDCl 1 d 4.01 (t, J = 1.8 Hz, 2 H), 5.24 (q, J = 1.'8 Hz, 
1455m, 1330s; 1H 

1.8 Hz, 13H), 
1 H), 

7.34 - 7.58 (m, 3 H), 8.03 - 8.25 (m, 2 H); m/e 243 
4.58 (q, J = 

(M , 1001, 215 
(39), 214 (29), 112 (231, 103((23). Anal. H N OS: C, 59.23; 8, 3.73; 
N, 17.27. 

Calcd for Cl2 
Found: Co 59.12; H, 3.89: N, 17.36. 

g 3 

z: mp 184-185 C (EtOH); IR 16408, 1515m, 1080m; 'H MR (DMSO-d ) 6 4.43 (t, J 
= 2.1 Hz, 2 H), 5.03 (q, J = 2.1 Hz, 1 H), 9.51 (q, J = 2.1 Hz, 1 61, 7.43 - 7.67 
(m, 3 A), 8.04 - 8.24 (m, 2 Hl; m/e 243 (M , 91, 140 (loo), 72 (711, 71 (241, 39 

:%; !;::68; N 17.2512Sg $3.27. 
Calcd for C H N OS* C, 59.23: 8, 3.73: N, 17.27; S, 13.18. Found: C, 

u: mp 73-75 bC (n-h;xa)ne - acetone); IR 16758, 1530m, 1310m; 'H tWR (CDCl ) 6 
1.66 (d, J = 6.6 Hz, 3 H), 2.46 (8, 3 H), 4.44 (dq, J ~2.8, 6.6 Hz, 1 H1), 5.273(t, 
J = 1.8 Hz, 1 H), 6.56 (t, J = 1.8 Hz, 1 H); m/e 195 (M , 
59 (39), 53 (62). 

loo), 167 (591, 85 (291, 
Anal. Calcd for C8HgN30S: C, 49.22: 8, 4.65; N, 21.53. Found: CI 

49.54: H, 4.76: N._21.09. 
m: mp 129.9 .oC (n-hexane - EtOH); 1.67 (d, IR 16408, 1575m, 1485m; 'H NMR 8 J = 6.6 

Hz, Al, 
3 2.28 

(8, H), 
3 

J = 2.1 4.44 (dq, J 6.6 Hz, 1 H), Hz, 1 H), 5.43 (t, J = 2.1 1 
Hz, 

m/e 195 =+2.1, 
(CDC13) 
4.71 (t, 

139 (921, 
86 (941, 

H); (M , 361, 154 (loo), 
71 (38). Anal. Calcd for C H N OS: C, 49.22; H, 4.65; N, 21.53; S, 16.43. 

Found: C, 49.31: Hl 4.70: N. 21.45: !.'12.48. 
14: mp 216-217 "C (n-hexane - EtOH); IR 16308, 1480m; 'H NMR (CDCl 1 6 2.36 (81 

6 Hr 2.46 (8, 3 H); m/e 195 (M+, 34), 154 (loo), 86 (54), 71 (38), 5g3(58). Anal. 
Calcd for C E N OS: C, 49.22: H, 4.65; 

lle: colbr?e& oil: IR (neat) 16808, 
N, 21.53. Found: C, 49.$3; H, 4.67: N, 21.40 

(d,?-= 7.2 Hz, 3 81, 4.35 (dq, 
1505m, 1460m, 1340s; H tF4R (CDCl 1 6 1.67 

J = 1.8, 7.2 As, 1 A), 5.18 (t, J = 1.8 as, 1 Hi, 
6.55 (t, J = 1.8 Hz, 1 H), 7.25 - 7.43 (m, 3 H), 7.91 
100) , 229 (32), 228 (311, 103 (331, 53 (45). 

- 8.12 (m, 2 H); m/e 257 (M , 

12e: mp 137.6 C (n-hexane - acetone); IR 16508, 15408, 1330m, 1260m; 'H MR 
tCDr) 8 1.68 (d, J = 7.2 Hz, 3 H), 4.50 (dq, J = 2.1, 7.2 Ht, 1 H), 4.77 (t, J = 
2.1 Ai, 1 81, 5 51 
H); m/e 257 (M+', 

(t, J = 2.1 Hz, 1 H), 7.27 - 7.42 (m, 3 H), 7.94 - 8.13 (m, 2 
121, 154 (loo), 139 (641, 86 (741, 71 (33). Anal. Calcd for 

C13HllN30S: C, 60.68: A, 4.31; N, 16.33; S, 12.46. Found: C, 60.42; H, 4.35: N, 
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16.10; S, 12.49. 
Isomerization of 1213 t6 14: A MeOH solution of 12d (195 mg, 1 mmol) and 0.1 

equiv of'1 N NaOH was refluxed for 1 h under nitrogenatmosphere. 
the mixture was neutralized by 1 N HCl, 

After cooling, 
and usual extractive workup with CEC13 and 

evaporation of the solvent provided spectroscopically pure material 14 (175 mg, 90% 
yield). 

- 

4-Allylthio-5-methylpyrimidin-2(lH]-one-l-d (6i): A solution of 6b in reflux- 

ing MeoH-de the solven 
(99.5% D] was treated for 1 h under nitrogen atmosphere.- Rfmoval of 
in vacua provided 6i which isotopic purity was determind by H NMR to 

be 76%. 
- 

Pd(II)-Catalyzed Cyclization of 6i to 9i: A solution of 61 (101 mg, 0.557 mmol) 
and PdCl,(PhCN], (11 mg, 0.028 mmol) in MeCN (10 ml] was rzluxed for 3 h. The 
similar LworkupL and purification to those in the case of Pd(II)-catalyzed 
cyclization of 6b gave 9il(62 mg, 
to be 72% on thebasis of 

61% yield) whichlisotopic purity was calculated 
H NMR area intensities: H l@lR (CDC13) 6 2.02 (5, 3 H], 

4.10 (d, J = 1.8 Hz, 2 H), 6.69 (t, J = 1.8 Hz, 1 II), 8.09 (5, 18). 
Thermal Cvclization of 6b to 91: A MeOH-d4 (5 ml) solution of 6b (104 mg, 0.577 

mmol) was refluxed for 26 h under nitrogen atmosphere. The sixlar workup and 
purification to those in the case of thermal cyclization of 6b afforded 9i (10 mg, 
100% yield based on 9% conversion) and the starting materi e (95 mg). The 
isotopic purity of the product (91) was deduced by H NMR to be greater than 90%. 

NaOE-Induced Cyclization of lm to 12q: A mixture of 10d (98 mg, 0.5 mmol) and a 
solution of NaOH in D 0 (0.906 M sol., 102 mg, 0.1 mmol)as treated in refluxing 
MeOH-d4 (5 ml] for 4 A under nitrogen atmosphere. The similar workup and purifi- 
cation to those in the case of the preparation of 12d provided 12g (79 mg, 95% 
yield based on 85% conversion] and the starting compound 10d (15 mg). The 
isotopic purity of& was determined to be greater than 95% onhe basis of 'H m 
area intensities: H NMR (CDCl ) 6 1.67 (d, J = 6.6 Hz, 3 H], 2.28 (5, 3 Ii), 4.44 
(dq, J = 2.1, 6.6 Hz, 1 H], 5.h (d, J = 2.1 Hz, 1 H]. 
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