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THE PHOTOCHEMICAL [4+4] CYCLODIMERIZATION OF Z-PYRAZINONE IN THE SOLID STATE 
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SW: Irradiation of l-methyl-5,6-diphenyl-2-pyrazinone (Ia) in the solid state gave the 

[4+4] anti dimer (II) in 100% yield, while (Ia) in a solution phase was inert upon irradiation. 

Thepho~emicalcyclodimerizationof -tic compounds is a well-established photoreaction. 

The mxt ccarccon type of reaction in this class is the [4+4] cyclodirnetiration of naphthalenes 

andanti 1 -s involving inter- and intramolecular reactions. However, thoseofheteroaromatic 

coqunds draw little attention. The photochemical [4+4] cyclodimerization of 2-pyridones and 

2-pyrones in solution was reported by Taylor and Psquette et a1.2 and de Mayo et a1.3 R==tlY, 

a similar photochemical [4+4] cyclodimxization of 4,6-diphenyl-2-pyrone in both solution and 

solid statewas reportedbyRiekeetal.* We wish to report here thephotochemical [4+41 cyclo- 

dimsrization of l-methyl-5,6-di&enyl-2-pyrazinone (Ia) in the solid state. 

l-kthyl-(Ia)5 and l-ethyl-5,6-diphenyl-Z-pyrazinone (IbJ5 were inert to the photolysis in 

benzene and methanol solution6 Hcwever, irradiation of (Ia) in the solid state7 with a high 

pressure mercury lamp (400 W) at rcom matie for 20 min gave the [4+41 anti diner (II), mp. 

14%150°C, in 100% yield based on recovered starting pyrazirone (Ia). Similar irradiation of 

(Ia) in the solid state8 at 2537 i for 4 h gave also the [4+4] anti dimer (II) in 86% yield, 

but at sloclRr rate. 
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The structureof thedirer (II) was mnfixmsdon thebasisof the spectral data andelemental 

analysis. The infrared spectrum of (II) M a carbonyl stretch at 1660 an-l, -1 versus 1640 cm 

for the starting ~azinone (Ia). One would expect the carbonyl of syn iscrmer to come at higher 

value due ta dipole-dipole interaction. The ultraviolet spectrum showed h_(EtCfi) at 261 (c=3.6 

x 103) and 351 nm (c=4.5 x 102). The +-I-NMR spectrum shawed a singlet at 6 2.58, a singlet at 6 

6.35, and the multiplet at 6 6.85-7.35 assignable to methyl, methine, and aromatic protons in the 

ratio of 3 : 1 : 10, respectively, while that of (Ia) s-d a singletat 6 3.3lc3H.3, a singlet 

at S 8.3O(l.H), and the nultiplet at 6 7.1-7.45(1OH), respectively. Furtherrtore, 13 
c-NMRspectrum 

of (II) showed peaks at 31.9(q), 70.1(d), 76.7(s), 169.8(s), and 178.5(s) ppn due to carbons at 

7-, 3-, 6-, 5-position, and carbonyl carbon, respectively, in addition to aromatic carbon peaks. 
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Mass spactmm af (II) show& the parent peak m/e 524(M+: Field disxption mass). The 14+41 anti 

dimzr [II) was stable at mm tmperature. ~~~,h~t~gof thedimr UIt atleflux tgnper- 

ature in benzene for 16 h or its mtalting point produced the Staxting pyrazinone (Ia) in both 100 

% yields. Furthenmre, irradiation of the dimer (IIf in methanol through a quartz tube at 2537 

2 for 30 min muses reversion to the starting pyrazinone (Ia) in alnustquantitative yield. 

Cm the other hand, irradiation of l-ethyl-5,~~ph~yl-2-Wrazirrrxle IIb) i_n the sol% state dkd 

not give any &otcpx-od~&s and (Ia) was reaxTered quantitatively. To our kmwledge, this 

represents the first case of the photochemical [4+41 cyclodimerimtion in the solid state pho% 

~s~of~liche~~~~c ~u~s~n~~~~g~~~a~.9 We are big 

+m~tthisprocessmaybegeneral. in themlid statephotochemistry. 

F&%m?.ncesandnotea 

1. N.J. ?%rm, T+5ebml ~l~~~~~~s~~, The enjoy ~li~~g Co., California, 

p. 456 (1978). R. Lapmyade, A. Castellan, aud H. Bouas-Laurent, Tetrahedron L&t., 1969, 

3537. S.1, Cristol and J.S. Pexry, Jr., ibid., 1974, 1921, J.&k Thoms, J.0. Williams, J.P. 

Desvergne, G. Guarin, and H. Bouas-Laurent, J. Chem, ti.(P-II), 1975, 84. A. C!astelfan, R. 

Lapmyade, II, Bouas-Laurent, and J.Y. Lallenmand, I'etrahedrcm Lett., 1975, 2467. N. Lahav, 

F. Laub, E. Gati, L. Leiserwitz, and Z. Lkkner, J, Am. Chm. Sot., E, 1620 (1976). 

2. LA Paquette and G. Slomp, J. Am. Chem. Sot., E, 765 (19631. E.C. Taylor and Rx?. Kan, 

ibid., 85, 776 (1963). 

3. P. de Mayo and R.W. Yip, PmcI Chem. Sot,, 1964, 84. 

4. RD. Rieke and R.A. Copenhafer, Tetrahedron Let&, 1971, 879. 

5. The starting pyfazimnes (Ieb) were prepaxed by edifying the metfiod of Jones (Ii&, Jones, 

J. Am. Chm. Sm., 75_, 78 (1949)). Ia: mp. 165-167*C; UV(Et0H) (E) 266 (1.2 x LO*) aud 347 

ml f7.3 x 1031* Ib: mp. 159-161°C; ~(E~H) f&_) 264 (1.1 x lo*) and 345 m (6.4 x 103), IR 

(KBr) 1650 c.?in-1 ; S~&IXl,) 1.15 (t, 3Hf, 3.90 (q, 2w), 7.1-7.6 & fOH1, and 8.33 (s, 1Hf. 

Satisfactory elemental analyses have been obtained for all new ms. 

6. In the solution photochetnistry of 2-pyrazinones, I%rr= repart& that 1,3,5,6-tetramethyl-2- 

pyrazirme gave an unst&le in~anoleoulm [2+21 ~lization produot, 1,2,4,6-tetrame~yl-S- 
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quantitative yield. 

7. The rexxyskallized 2-pyrazinone (Ia) {lOa mg) was szm&iched between a pair of wex plates 

(thiokmzss 2nnQ aud the solid sample thusobtainedwas irradiated. 

3. The solid sample, whioh was sndwiched betwem a pair of quartz plates, was irradiated with 

a low presmre mercury lamp, 

9. In the solid state photochemistry of 2--e, which is one of hetemammatio ompmnds 

~~i~g~~ atom, and aoridizinium salt, the fomation ofintemrAecular [4+4J dimer 

was reported by Rieke et al. 
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and Bradshor et al. (C-K. Bradsher, L.E. Beavesr and J.H. 

Jmes, J. Org. Chen, 22, 1740 (1957)). 
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