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Abstract - Upon irradiation, thiobarbinuates (1  and 2) with an alkenyl group in 

their N-side chain give bi- and m-cyclic fused pyrimidine derivatives through 

regioselective [2+2] photccycloaddition. 

Although the photochemistry of barbiturates has been studied extensively,2 little is known about that of 

thiobarbiturates (sulfur analogues). As part of a continuing study on the photochemistry of the nitrogen- 

thiocarbonyl systems, i.e., thioamide3 and thioimide? we recently reported that thiobarbiturates undergo efficient 

intermolecular [2+2] photocycloaddition (Paterno-Biichi reaction) with olefins to give the thietane derivatives5 

The cycloaddition of monothiobarbiturate (1,3,5,5-tetramethyl-4,6-dioxohexahydropyrimidine-2-thione) 

occurred only at the 2-position affording the thietane derivatives (I-thia-5.9-diazaspiro[3,5]nonane derivatives), 

whereas with the 2,4-di- and 2.4.6-hi-thiobarbiturates, the cycloaddition occurred at the 4-position to give the 

corresponding thietane derivatives (1-thia-5,7diazaspir0[3,5]nonane derivatives).S As a synthetic application of 

these regioselective photocycloadditions for the construction of various diaza-heterocycles, we now wish 

to repon the intramolecular photccycloaddition of thiobarbinuates (1 and 2) with an alkenyl group 

[-(CH2)nCR=CH2; n=2,3] in their N-side chain. 

Photolyses of thiobarbiturates (1 and 2) were performed in acetonimle (10 mM) using a 1 kW high- 

pressure mercury lamp through a Pyrex filter under a nitrogen atmosphere at room temperature. The results are 
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listed in Table 1. In the photoreaction of N-(4-phenyl-4-pentenyl)monothiobarbiturate (la), the cycloaddition of 

olefin moiety, as expected, occurred at the 2-thiocarbonyl (C=S) in preference to the 4-carbonyl (C=0),5 giving 

the corresponding tricyclic thietane (3a) in 34% yield, accompanied by the dethioformylated compound (4a) in 

26% yield. Probably, the compound (4a) arises from the initially formed 3a through photochemical fission 

(cycloreversion) of the thietane ri11g.~.5 In the case of dithiobarbiturate @a), an analogue of l a ,  

photocycloaddition occurred at the 4-position to give only the dethiofmylated compound (5a) in 37% yield. 

Similarly upon irradiation of 2c, the bicyclic compound (512) having 6-6-ring system was obtained. Further in the 

case of N-(3-methyl-3-buteny1)dithiobarbitwate (2b). both of tricyclic thietane (6b) and bicyclic compound (7b) 

having 6-5-ring system were obtained in 18 and 46% yields, respectively, while photoreaction of 

monothiobarbiturate (lb), an analogue of 2b, gave a complex mixture of inseparable products. 

Scheme 

Table 1. Photoreactions of 1 and 2 

Compounds X n R Time (h) Products Yield (%) mp (OC) 

l a  0 3 Ph 1.1 3a 34 125-127 

4a 26 112-114 

l b  0 2 CH3 0.5 

2a S 3 Ph 1.7 5a 37 126-127 

2b S 2 CH3 0.3 6b 18 174-176 

7b 46 68-69.5 

2c S 3 H 0.8 5c 21 89-90.5 
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The smctures of all products were determined on the basis of the spectral and analytical data.6 To c o n f i  the 

site of photocycloaddition, the prod;cts (4a and 5a) were treated with Lawesson's reagent, respectively. The 

thionation product (8a) derived from 4a was not identical with the dithiecompound (9a) from 5a.7 This 

indicated that the photocycloaddition occurred at the 2-position in monothiobarbiturate (la), and at the 4-position 

in dithiobarbiturate (2a), respectively. 

In conclusion, thiobarbiturates (1  and 2) undergo efficient [2+21 photocycloaddition with the olefinic goup in 

their N-side chain, giving tricyclic thietanes andlor its fission-products (bicyclic compounds) in analogous with 

intermolecular photoreaction of thiobarbiturate with olefins.5 This regioselective photocycloaddition could 

provide a useful method for the consmction of a variety of fused pyrimidine derivatives containing one nitrogen 

atom at a ring junction, otherwise inaccessible by conventional thermal reaction. 

ACKNOWLEDGEMENTS 

This work was supported in part by a Grant-in-Aid for Scientific Research (To M.M., No.06672107 ) from the 

Minisuy of Education, Science and Culture, Japan. 

REFERENCES AND NOTES 

1. Photochemisuy of the Nitrogen-Thiocarbonyl Systems. 26. Part 25. K. Oda, H. Tsujita, M. Sakai, and 

M. Machida. Heterocycles, submitted. 

2. a) Y. Otsuji, T. Kuroda, and E. Imoto, Bull, Chem. Soc. Jpn., 1968, 41,2713; b) H. J. Bartoh, 

J. Mokrosz, J. Bojarski, and M. Klimczak, Pharmazie, 1980,35, 155; c) H. J. Bartoh, M. J. Bojarski, 

and J. Mokrosz, Tetrahedron Lett., 1982,23,2133; d) H. J. Banoh, A. ~urowska, J. Bojarski, and W. 

Welna, Pharmazie, 1983, 38 ,  268; e) H. J. Bartoh, J. Bojarski, and A. ~urowska, Arch. Phamzie,  

1986, 319, 457; f) H. J. BartoA, M. H. Paluchowska, J. Mokrosz, and E. Szneler, Synthesis, 1987, 

156; g) H. Aoyama and H. Hatori, Tetrahedron, 1990.46.3781, 

3. a) K. Oda, M. Machida, and Y. Kanaoka, Tetrahedron Lett., 1989, 30,  4421; b) K. Oda and M. 

Machida, Chem Pharm. Bull., 1993, 41, 1299; c) K. Oda and M. Machida, J .  Chem. Soc., Chem. 

Commun., 1994, 1477 and references cited therein. 

4. a) M. Machida, K. Oda, E. Yoshida, and Y. Kanaoka, J. Org. Chem., 1985, 50, 1681; b) M. Machida, 

K. OQ, E. Sato, and Y. Kanaoka, J. Synth. Org. Chem. Japan (Yuki Gosei Kagaku Kyoukai Shi), 

1986, 44,1071; c) K.0da.M. Machida, and Y. Kanaoka, Chem. Pharm. Bull., 1992, 40, 585; 



120 HETEROCYCLES. Vol. 42. No. 1,1996 

d) H. Takechi, M. Machida, and Y. Kanaoka, Synthesis, 1992,778. 

5. H. Takechi, M. Machida, and Y. Kanaoka, Chem. Pharm. Bull.. 1989.37, 1431. 

6. Selected data of photoproducts are as follows. 

3a: Ir (nujol) 1670. 1640 cm-1; ms (mlz): 330 (M+), 284 (M+-HCHS); l ~ - n m r  (CDCl3) 6: 1.58 

(3H, s, CH3), 1.9-2.2 (2H, m, N-CHZC~IZ-), 2.75 (3H, s, N-CH3). 2.96 (lH, d, J =10 Hz, S-CH2-), 

3.71 (lH, d, J=10 Hz, S-CH2-), 3.4-3.7(2H, m, Ph-C-CEZ-CHZ-), 4.5-4.9 (2H, m, N-CH2-), 6.9-7.4 

(5H, m, aromatic H); 13c-nmr (CDCl3) 6: 17.9(t), 24.3(q), 25.9(q), 30.2(t), 32.2(q), 41.3(t), 42.2(t), 

44.46). 64.4(~), 88.4(s), 123.7(d x 2), 127.0(d), 128.8(d x 2). 145.3(s), 172.0(s), 172.3(s). 

4a: Ir (nujol) 1695,1655 cm-I; ms (nth): 284 (M+); l ~ - n m r  (CDC13) 6: 1.50 (6H, s, CH3 x 2), 

1.8-2.1 (2H, m, N-CH2C&-), 2.61 (2H, t, J=6 Hz, C=C-CH2-), 2.64 (3H, s, N-CH3), 3.8-4.0 (2H, 

m, N-CH2-), 7.1-7.5 (5H, m, aromatic H); 13c-nmr (CDC13) S: 21.2(q x 2). 22.0(t), 29.6(t), 36.3(q), 

42.0(t), 47.5(s), ll2.3(s), 127.6(d), 128.l(d x 2). 128.9(d x 2). 131.1(s), 139.3(s), 169.6(s), 171.5(s). 

6b: Ir (nujol) 1695 cm-l; ms (mlz): 270 (M+), 224 (M+-HCHS); l ~ - n m r  (CDCl3) 6: 1.17 (3H, s ,  

CH3). 1.55 (3H, s, CH3). 1.71 (3H, s, CH3). 1.8-2.1 (2H, m, N-CH2CJ&-), 2.71 (lH, d, J=9 Hz, S -  

CH2-), 3.06 (lH, d, J=9 Hz, S-CH2-), 3.50 (3H, s, N-CH3). 4.1-4.5 (2H, m, N-CH2-); %nmr 

(CDCl3) 6: 20.2(q), 20.6(q), 23.9(q), 30.7(t), 34.2(q), 37.8(t), 47.2(s), 51.l(t), 58.3(s), 80.7(s), 

171.0(s), 177.7(s). 

7b: Ir (nujol) 1695,1680, 1655 cm-l; ms (mlr): 224 (M+); l ~ - n m r  (CDC13) 6: 1.57 (6H, s, CH3 x 

2). 1.89 (3H, t, b 1 . 5  Hz, C=C-CH3), 2.56 (2H, t, J=8 Hz, C=C-CH2-), 3.59(3H, s, N-CH3), 4.20 

(2H, t, J=8  Hz, N-CH2-); 13c-nmr (CDC13) 6: 14.4(q), 26.2(q x 2). 33.0(t), 34.2(q), 40.9(s), 52.0(t), 

121.8(s), 134.6(s), 170.7(s), 171.3(s). 

7. 8a: Ms (mlz): 316 (MC); l ~ - n m r  (CDC13) 6: 1.77 (6H, s, CH3 x 2). 1.9-2.3 (2H, m, N-CH2Cm-), 

2.68 (2H, t, J=6 Hz, C=C-C&-), 3.06 (3H, s, N-CH9, 4.3-4.5 (2H, m, N-Cm-), 7.2-7.5 (5H, m, 

aromatic H). 

9a: Ms (mlz): 316 (M+); l ~ - n m r  (CDC13) 6: 1.19 (6H, s, CH3 x 2), 1.8-2.2 (2H, m, N-CH2Cm-), 

2.2-2.5 (2H, m, C=C-CH2-), 4.10 (3H, s, N-CH9, 4.3-4.5 (2H, m, N-CH2-), 7.0-7.4 (5H, m,  

aromatic H). 
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