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The thermal reaction between dimethyl acetylene-dicarboxylate and cyclohexa-1,4-diene 

has been shown to yield the unusual adduct I. In this communication we wish to report that 

the photochemical addition of acetylene-dicarboxylic acid (II) to cyclohexa-I, 4-diene (III) 

)octane-I, 5-dicarboxylic acid (IVa). 

I II III IVa IVb 

Internal irradiation of a dry ether solution cl00 ml) of II (5 g) and III (25 g) in a quartz 

vessel under nitrogen atmosphere, with a 100 W high-pressure mercury lamp, afforded a 

solid dicarboxylic acid (IV), 2) C10H1004 , m. p. 259-262’C (decomp. ), in 13% yield based on 

II. 
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*2 Present address : Department of Chemistry, Faculty of Science, Osaka University, 
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The photo-acid (IV) is transparent in the ultraviolet region and inert to permanganate. 

Esterification of IV with diazomethane gave a dimethyl ester (V), Cl2Hl404, Mt at m/e 222, 

m p. 33-34%. and treatment of IV with acetyl chloride or acetic anhydride readily afforded 

an anhydride m p. 128-129eC [m/e 1.76 (M+), 175 (M-H), 132 (M-C02). 104 (M-CO,-CO), 

103 (M-H-C02-CO) ; ~c=o 1845, 1781 cm-7. 

The 100 MHz n. m r. spectrum of the dimethyl ester (V) in C6D6 shows a six-proton sing- 

Xet at 3.68 (ester methyls), a four-proton triplet at 1. 91 (2.6 Hz splittings), a two-proton 

doublet of quintets at 1.62 (13 and 2.6 Hz splittings), and a two-proton doublet (J q 13 Ha) 

at 1.26 ppm, thus revealing a high-degree of symmetry in the molecule. This fact, when 

considered in conjunction with the mode of formation and other properties of the photo-acid, 

leads to only two feasible structures for the acid, namely, IVa and IVb, both of which possess 

two planes of symmetry. An examination of Dreiding models indicates that both the possible 

structures (Va and Vb) for the dimethyl ester could be expected to give rise to an A4B2C2 spin- 

coupled system with JBc = 13, JAB% JAB,% 0, JACZ JAc, = ca 2.6 Ha*, and hence these two 

structures cannot be distinguished unequivocally from the n. m. r. data. However, it is 

apparent that if one of the planes of symmetry were to be removed by making the groupings 

Rl and R2 non-identical, then Va and Vb would afford quite different spin-coupling patterns : 

Va with Rl f R2 would give an A2B2C2D2 pattern and Vb with Rl \ R2 an A2D2BCEF pattern. 

Treatment of the anhydride (m p. 128-129*C) with absolute methanol afforded the half- 

ester (VI), mp. 136-137% (m/e 208 (M+), 190 (M-H20), 176 (M-CH30H), 163 (M-COOH). 

146 (M-COOCH3). 131 (M-COOH-OCH3 -H), 105 (M-C02-COOCH,) and 103 (M-COOH-COOCH3- 

Hj). The 100 MHz spectrum of VI in C6D6 (see Fig. 1)3) is characteristic of an A2B2C2D2 

system, in which) J 
AC + JACll = 1 JJ,C + JDC’ 1 = 5.4 and the previously unrevealed JAD = 

ca 2. 5 Hz (indicative of a four-bond M-coupling, as in Via, rather than a vicinal coupling as in 

VIb, JAD, is assumed to be zero), and thus is in accord with Via but not with VIb. The methyl 

p-bromophenacyl ester (VII) (C19H1705Br, mp. 132-133’C] was also prepared and its 188 

Ip The spectrum shows I JAC 
t JAc, 1 = 5.4Ha. Models indicate that JAc and J 

AC’ 
could 

be approximately equal. 
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R2 

Va : Rl = R2 = C02Me 

HA = HD 

Via : Rl = CO2H ; R2 = CO2M.s 

VIIa : Rl = C02CH2COC6HqBr ; 

R2 = CO2Me 

Vb : Rl = R2 = CO2Me 

HA = HD ; HB = H R; HF=H 
C 

VIb : Rl = CO2H ; R2 = CO2Me 

VIIb : Rl = C02CH2COC6HqBr; 

R2 = CO2Me ?+J!!JUL 
2.5 2.0 1.5 1.0 ppm 

Fig. 1. 100 h4Hz n. m. r. spectrum of Via in C D 

MHz n. m. r. spectrum similarly showed the presence of an A 
6 6 

B C D system 
2 2 2 2 I HA at 1. 94 

(doublet of triplets), HB at 1.29 (doublet), HC at 1. 69 (doublet of quintets), HD at2.25ppm 

(doublet of triplet)] with the same splittings as before. 3, 

In accord with the correctness of structure Va, the dimethyl ester exhibits a C-H stretch- 

ing vibration at 3050 cm-‘, a first overtone at 5967 cm-‘, and a second overtone at 8772 cm-l, 

absorptions which are characteristic of a cyclopropy1 hydrogen. 4) 

The photochemical cycle-addition of acetylene-dicarboxylic acid to cyclohexa-1, 4-diene 

can be explained by either a one-step addition involving a transition state in which the two 
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reactants are arranged orthogonally to each other or a two-step addition by way of the inter- 

mediate VIII followed by an intramolecular photochemical cycle-addition to give IVa. Huebner 

and his co-workers have already reported the photochemical transformation of the related 

adduct IX to X. 5, However, since examples of thermal 2t2t2 processes are known to occur, 6) 

the photochemical formation of VIII is prohibited. 7) Furthermore, Hoffmann and Woodward 8) 

have predicted that the double addition of acetylene to a two pi-system, containing m and n - - 

pi-electrons, should be photochemical for .m t 5 = 4q(q = 1,2,3.. . . ), and hence it appears - 

likely that the new sigma-bonds in IVa are formed in a concerted manner. 

The only previous photochemical formation of a tetracyclo(3. 3. 0. 0 
298. 04, 6 ) octane system 

is that reported by Askani 9) who prepared the photo adduct XI from cyclohexa-1,4-diene-1,2- 

dicarboxylic acid anhydride and 2 -butyne. 

N. m. r. spectra were measured on a Varian HA-100 with TMS((=Oppm) as lock- 

signal. We thank Mr. I. Miura for assistance in measurements. 
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