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Abstract - Irradiation of far-uv light of cyloslne, 2'-deoxycytidine and its N-acetyl- 

3',5'-di-0-acetyl del-ivative in the presence of 2.3-dimethyl-2-bulene in acetone 

yielded the corresponding cyclobutane pholoadducts. 

There is evidence to show that cyclobutane-containing cytosines are prcduced as photoproducts in DNA by 

280 nm irradiation. 1 Despite the biological implications of these cytosine dimers, much less has been studied 

about the photcchemistry of cytosine and its derivatives than uracil and thymine due lo the faci that they are cx- 

ceedingly labile under general experimental conditions. ?.' On the other hand, Swenton and Wexler 4 - 7  have 

studied the regioselective photoreaction of pyrimidine bases with simple olefins, and also Charlton and Lai * 
reported the photoaddition of pyrimidine nucleosides to simple olefins. Howcver, their studies did not involve 

cytosine and ils nucleosides as the photoreaction substrates. To our knowledge, no one have studied on photo- 

reactions of cytosine and its nucleosides with simple alkenes. 

We have recently revealed that a pair of cyclobutane-type pholoadducts could be isolated from acetone solution 

of uridines and of 2'-deoxyul-idines '%containing 2,3-dimethyl-2-butene by u\.-~rmdiation. 

In this communication, we would like to report the photoadditions of cytosine ( I ) ,  1'-deoxycylidine (2a) and 

its N-acetyl-3',5'-di-0-xelyl derivative (2b) lo 2,3-dimethyl-2-butenc, respecti\,ely. 

A degassed solution of 6 mM of 1 and 60 mM of 2,3-dimclhyl-2-butene in acetone containing 5% of water 

was irradiated for 36 h with 400-W high pressure mercury arc through a Pyrex filter. This set-up allowed lines 

longer than 304 nm of Lhe arc to be absorbed. After removal of the solvcnl, the residue was llash-chromato- 
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graphed (silica gel, eluent: chloroform-ethanol 9:4) to give the I: I adduct (3) 11 in 61% yield. The structure ol 

3 was confirmed by means of nmr, FAB-ms and elemental analysis. 
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An acetone solution of 3 mM of Zb (R = Ac) and 30 mM of 2.3-dimethyl-2-butene was irradiated in a similar 

manner. One and a half hours' irradiation converted the starting material into two products. They were 

isolated by repeated chromatography. ' 2  FAB-ms showed their molecular weights as 437. Nmr spectra 

showed the absence of aromatic protons at positions Sand 6 of Zb, and instead, the presence of  two aliphatic 

protons at higher field and four methyl groups. This unambiguously indicates that these two products are 1: 1 

adducts (4b and Sb) of 2b to 2,3-dimethyl-2-butene which possess a cyclobutane ring (Scheme 2). 
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Treatment of 4b (R = Ac) and Sb (R = Ac) with sodium methoxide gave 4a (R = H) and Sa (R = H) as color- 

less amorphous solids in quantitative yields. 13 Their structures were unambiguously confirmed by means of 

high resolution ms and nmr. Unfortunately, we could not obtain crystals of 4a and Sa suitable for X-ray 

crystallographic analysis. So, their absolute configurations at positions I and 6 were determined by converting 

them into the photoproducts (6 )  and (7) of 2'-deoxyuridine with 2,3-dimethyl-2-butene by treatment with 

aqueous NaOH, l4 whose absolute configurations have already been established (Scheme 3).'0 In this way, 

the upper component on tlc was turned out to be the (IR, 6R)-isomer (4b) and that of the lower one to be the 

(IS, 68-isomer (Sb). 
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Irradiation of 2a was performed in a similar manner, and the products (4a) and (5a) were isolated as their N- 

acetyl-3',5'-di-O-acetyl derivatives (4b) and (5b),'5 by treatment with acetic anhydride and pyridine (Table I). 

Further work is required for the elucidation of the detlled mechanism of this reaction. 

Table 1. Photoaddition of 2 to 2,3-Dimethyl-2-butene in Acetone 'J 

R time (h) yield (%) ratio of 4:s 

1) Subslcaic (1.5 nM) a1d23~d;%\\ct\\yl-Z-huta~e(10 nM) acaw aereused. 
2)lsolaled yield. 

Scheme 3 

* 
reflux, 1 h 

0 0 

REFERENCES 

1. R. B. Setlow and W. L. Carrier, J .  Mol. Biol., 1966, 17, 237. 

2 .  For a review, see J. Cadet, 'Bioorganic Photochernislry ', Val. 1 ,  ed. . bv H. Morrison, 

Sons, New York, 1990, pp. 1-27?, 

John W 

3 .  (a) A. J. Varghese, Biochernisfry, 1971, 10, 2194; (b) H. Taguchi, B-S, Hahn, and S. Y. Wang, J .  

Org. Chenl., 1977, 42, 4127. 

4. J. Wexler and J. S. Swenton, .I. AIN. Chern. Soc., 1976, 98, 1602. 

5 .  1. Wexler, 1. A. Wyatt, P. W. Raynold, C. Cottcll, and J. S. Swenton, J.  Am. Clrem. Soc., 1978, 100, 

511. 

6 .  G. Savino, L. K. Chenard, and J. S. Swenton, Tetrahedron I a f . ,  1983,34, 4055. 

7 .  J. Wexler, R. J. Balchunis, and J. S. Swenton, J .  Org. Chem., 1984, 49, 2733. 

8. L. Charlton and H. K. Lai, Can. J .  Clzern., 1976, 54, 1445. 



1724 HETEROCYCLES, Vol. 36, No. 8,1993 

9 .  1. Ishikawa, T. Itoh, H. Takayanagi, J. Ohshima, N. Kawahara, Y Mizuno, and H. Ogura, Chem. 

Plrarnl. Bull., 1992, 39, 1922. 

10. N. Haga, I. Ishikawa, M. Kinumura, H. Takayanagi, and Haruo Ogurd, Heterocycles, 1993, in press. 

11. 5-Amino-7,7,8,8-tetramethyl-cis-2,4-diazabicyclo[4.2.0]oct-4-en-3-one (3): Recrystallized from 

methanol in colorless prisms, mp 258.5 - 259.5 "C. Atml. Calcd for CloHl7N30: C 61.51; H 8.77; N 

21.52. Found: C 61.22; H 8.86; N 21.52. FAB-ms (m-nitrobenzylalcohol) 196 (M++l). IH-Nmr (400 

MHz, Dimethylsulfoxide-d6) 6 6.8 - 8.2 (br s, 2H, 5-NH2), 6.74 (br s, lH, 2-NH), 3.44 (dd, lH, J  = 

8.5, 7.2 Hz, 1-CHI, 2.81 (d, J  = 8.5 Hz, 6-CH), 1.05, 0.96, 0.88, 0.82 (each s, 3H, 7,7,8,8-CH3's). 

12. At least three chromatognphic purifications (silica gel, ethyl acetate as the eluent) were required. 

13. (IR, 6R)-5-Amino-7,7,8,8-tetramethyl-2-(p-D-deoxyrifrosyl)-cs-2,4- diazabicyclo[4.2.0]oct-4- 

en-3-one (4a): High resolution FAB-ms (m-nitrobenzylalcohol, polyethylene glycol 400): M++1 = 

312.1955 (Calcd for C15H26N304 (M + 1) 312.1925). LH-Nmr (400 MHz, Dimethylsulfoxide-6) 6 

7.7 (br s, 1H, 5-NH), 7.1 (br s, IH, 5-NH), 6.17(dd, lH, J = 8.0, 6.8 Hz, 1'-CH), 5.1 (br s, 1H.3'- 

OH), 4.8 (br s, lH, 5'-OH), 4.11 (dt, IH, J  = 4.0,2.4 Hz, 3'-CH), 3.08 (d, IH, J  = 10.4 Hz, I-CH), 

3.55 (dt, lH, J  = 5.2, 2.4 HZ, 4'-CH), 3.42 (d, 2H, J =  5.2 Hz, 5',5"-CH), 2.73 (d, lH,  J = 10.4 Hz, 

6-CH), 1.73 (ddd, lH, J  = 12.4, 8.0, 4.0 Hz, 2"-CHI, 1.68 (ddd, IH, J  = 12.4, 6.8, 4.0 Hz, 2'-CH), 

1.19, 0.95, 0.88, 0.77 (each s, 3H, 7.7.8.8-CH3's). (IS, 6S)-5-Amino-7.7,8,8-tetr~methyl-2-(P-D 

deoxyribofuranosyl)-cis-2.4- diazabicyclo[4.2.01octI4-en-3-one (la): High resolution FAB-ms ( t -  

nitrobenzylalcohol, polyethylene glycol 400): M++l = 312.1894 (Calcd for C1&jN304 (M + 1) 

312.1925). 'H-Nmr (400 MHz, Dimethylsulfoxide&) 6 7.6 (br s, lH, 5 -NH), 7.1 (hr s, IH, 5-NH), 

6.03 (dd, lH, J =  8.8, 5.6 Hz, 1'-CH), 5.0 (br s,  IH, 3'-OH), 4.7 (br s, IH, 5'-OH), 4.00 (dt, lH, J 

= 6.0, 2.4 Hz, 3'-CHI, 3.87 (d, lH, J =  9.6 Hz, 1-CH), 3.55 (dt, 1H, J =  10.8, 5.6 Hz, 5'-CH), 3.37 

(dd, IH, J = 10.8, 5.6 Hz, 5"-CHI, 2.74 (d, 1H. J =  9.6 Hz, 6-CH), 1.97 (ddd, lH, J =  10.8, 8.8, 6.0 

Hz, 2"-CH), 1.62 (ddd, IH, J =  10.8, 5.6, 2.4 Hz, 2'-CH), 1.18, 0.90, 0.87, 0.79 (each s, 3H, 

7,7,8,8-CH3's). U v  )in,, (MeCN) 231 nm (E 9800). 

14. As the general procedure, 45 mg of 5a in 5 ml of 1 N NaOH was refluxed for 1 h and the product was 

purified by chromatography to gave 7 in 60% yield. 

15. We could not clearly separate 4a from 5a by chromatography. 
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