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l_ R=X=H 

$_ CMe, X=H N 

t?# 2 CX=H ’ 7 R=CH3, X=H A 

8_ f+CH3, X=OCH3 2 R=X=CH3 

12 R=CH3, X=Cl 

adduct &utilizing the azo linkage and the C=C bond conjugated to it in the tropolone ring, one of the 

rare heterodiene which undergoes cycloaddition reaction. 

Since the formation of 2 from J apparently involves an oxidation of the primary adduct 2 (7) and 

therefore the yield remains always low, the reaction with Z-methoxy-5-phenylazotropone 5 which would 

afford the primary adduct without the oxidation was carried wt. Upon the reaction with cyclopentadiene 

at room temperature for 2 days, $ yielded the adduct 3 brown oil, in 54% yield, and the structure of 2 

was elucidated spectroscopically: MS m/e 306 (M+), Xmax 249 (c 8800), 285 (5180), 315 (4320), 438 

nm (7700), v 
oil 

1630, 1600 cm 
-1 

, b Hl 5.87, H2 5.77, H3, 2.08, H3x 2.46, H3,-3.6, H3b-3.6, 

H4 5.44, H7 6.91, H8 6.24, H10 
a 

5.34, CH30 3.66, Ph -7.30, J7 8 13.0, 
I 

J3b 4 4.0, Jgnlga 6.2, 
I 

J 3x 3a 8.0, 
I 

J3, I 10a 10.0, Jgnlgx 17.5, Jl 2 6.0. I 

Since the primary product was thus obtained in good yield, we have studied the mechanism of the 

reaction, using 2-methoxyd-phenylazotropones with a methoxyl, a methyl, or a chloro group at the para 

position of the benzene ring. All these tropone yielded the 1 : 1 cycloadducts, 5, 2, E, respectively, of 

the similar structure with _Z (8). 

The kinetic study of the cycloaddition reaction in benzene at 40-50’ revealed that they followed the 

pseudo 1st order rate equation and the relative reaction rate decreased in the order of Cl )H) CH3) OMe 
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%I’ k*Me (400)= 13.3). The activation parameters obtained for the formation of 5 are Ec~17.1 kcal/mole, 

log A= 7.36, AS+-24.9 e. u., AH'=l6.5 kcal/mole, AG’=24.3 kcal/mole (all at 40’) (9). Those para- 

meters as well as the relative rate kC,/k,,, indicate that all the reactions proceed through a highly- 

ordered non-ionic transition state as in typical Diels-Alder reactions (10). Solvent effect, k 
CH3CNPBz= 

1.2-1.9 (40°) for oil cases, revealed that the transition state is slightly more polar than the cycloaddends. 

All of these kinetic data strongly indicate the concerted nature of the reaction (11). Furthermore, the 

relative reaction rate and, in more quantitative term, the Hammett correlation of these reaction [log(kR/KH) 

=2. 31rjp-0.22 (r=O. 96, in benzene) (12)I indicate that the arylazotropones reacted as the electron-defi- 

cient diene (Diels-Alder reaction with inverse electron demand). In fact, both l-and 6_ failed to react 

with maleic onhydride under various conditions. Thus the tronsition state can be depicted as A. This 

picture can also rationalize the regiospecificity. 

Our thanks are due to Dr. Hermann Daum for his technical assistance. 
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T. Nozoe, E. Sebe and S. Ebine, Proceed. Japan Acad., & 24 (1950), T. Nozoe, T. lkemi and T. 

Ozeki, ibid., 3l, 455 (1955). Spectral data for phenylhinopurpurin: Xmax 259 (e 7950), 348 (5010), 

505 nm (36300), v (KBr) 1615, 1585 cm-‘, 8 1.70 (6H, s), 6.50 (TH, s), 6.90 (lH, d, J=l3.0),-7.30 (5H, 
m), 7.70 (lH, d, J=13.0); those for its quinoxaline derivative: 

(8700), 503 nm (22900), v 1640 (w), 1595, 1490 cm-l, 
Amax 255 (e 27600), 285 (12600), 345 

8 1.68 (6H, s), 6.17 (lH, s), 6.56 (lH, d, 

J=13.0), 6.72 (lH, d, J=l3.0), ~7.30 (5H, m), 7.4-7.8 (4H, m). 

In fact, when the reaction of L and cyclopentadiene was carried out under N2, a few colored products 

were detected by TLC along with a small amount of & Attempted separation of these products, how- 

ever, always resulted in the isolation of l_ and & One of them may be the primary product mentioned 

in the text. The other product could be the C2+41 adducts because this type of the adduct is known 

to revert to the original cycloaddend very easily (1). 
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8) The reaction conditions, yields and spectral properties of the cycloadducts are as follows: p-Methoxy- 

phenyl compound 8_ : brown oil, room temp., 3 days, 90% yield, MS m/e 336 (M+), Xmax 228 

(a 8770), 247 (9060), 302 (5550), 345 (2590 sh), 448 nm (7660): voi’ 1620, 1510 &I’ : 6, 5.84, 

b2 5.70, 83n 2.07, bgx 2.45, r&-3.50, t&- 3.62, b4 5.42, B7 6.91, b8 6.19, blOa 5.24, 

60Me 
3.68, 3.80, sPh 7.10 (A2B2): J, 2 7.2, J3n,3x 18.0, JJn13, 5.0, J3x,3a 8.0, J3b,4 4.0, 

I 

J3a, 10a 
9.0, J7,8 13.0. p-Tolyl compound 2 : brown oil, room temp., 2 days, 62% yield, MS 

m/e 320 (M+), X max 245 (c 9800), 252 (10400), 255 (10700), 261 (lOOOO), 285 (6700 sh), 318 

(5820 sh), 442 nm (11250), vail 1620, 1515 c$ , 6, 5.84, 62 5.73, 63n 2.07, S3, 2.44, S3, 

-3.49, 63b -3.60, 64 5.41, 67 6.94, 68 6.20, 6,0a 5.26, SoMe 3.67, bph 7.20 (A2B2), Qe 

2.32, J1,2 6.0, J3n,3x 17.5, J3+ 4.0, J3x,3a 7.5, J3a,0a 9.0, J3b4 4.0, J7,8 13.0. + 

p-Chlorophenyl compound z , brown oil, room temp., 1 day, 45% yield, MS m/e 340, 342 (M ), 

hmax 257 (s 7400), 270 (6020), 294 (4500), 427 nm (6940), v 
oil 

1620, 1490 c: , 6, 5.84, 62 

5.71, 63n 2.08, 63x 2.46, 63a-3.49, 63b -3.60, 64 5.42, b7 6.91, 68 6.19, SIOa 5.27, 60Me 

3.68, Sph 7.29, J,,2 6.0, J3n,3x 17.5, Jgn13, 6.0, J3, 3a 8.0, J3a,,0a 9.0, J3b,4 4.0, 
I 

J7,8 13.0. 

9) Those parameters fall in the following ranges for all cases: Ea= 15.7-l 7.5 kcal/mole, log A=5.74- 

7.80, As*=-22.9-- 32.3 e.u. Al-?= 15.1-16.9 kcal/mole, AG*=24.0-25.7 kcal/mole(at 404. 

10) Cf. A. Wasserman, “Diels-Alder Reactions”, Elsevier, New York, 1969. 

11) Although the stereochemistry of the process is not clear unfortunately from the structures of 

products, it should be endo [4+2] cycloaddition from the concertedness of the reaction. 

12) The p value obtained is rather large for the Diels-Alder reactions. However, it should be reas$n- 

able if the nature of heterodiene system is taken into account. The similar value (+2.50 at 25 ) 
was obtained in the reaction of nitrosobenzenes with 2,3_dimethylbutadiene (M. Ahmod and J. 

Hamer, J. Org. Chem., 3l, 2829 (1966)). 


