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(1S,5S,6R) Absolute Stereochemistry of (-)-cis,fran~-Spiro[4*4]raonane- I$- 
diyl Bis(p -dimethylaminobenzoate) as Determined by the 

Exciton Chirality Method 

By NOBUYUKI HARADA,* NOBUAKI OCHIAI, KUPU’IHIDE TAKADA, and HISASHI UDA 
(Chemical Research Institute of Nonaqueous Solutions, Tohoku University, 2- 1-1 Katahira, Sendai, 980, JaFan) 

Summary The exciton chirality method has been applied to absolute stereochemistry, which corroborates the (5s) 
the title compound (5 )  to establish the (1S,5S,6R) configuration of ( -)-spiro [4-4]nonane-1,6-dione (1). 
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IN recent years there has been intensive study1 of the 
chiroptical properties of unsaturated spirocyclic molecules 
which exhibit so-called spiroconjugation. Spiro [4*4]non- 
ane-l,6-dione (1) and - 1, 6-diene2 are typical examples of this 
chiral spiroconjugation. However, their absolute con- 
figurations have been determined only on an  empirical basis 
by the application of Horeau's methodJ2a in spite of X-ray 
crystallographic studies3 (relative configuration) and theo- 
retical calculations4 on the c.d. spectra. 

We now report the ( 1 S,  5S,612) absolute stereochemistry 
of compound (5 )  as determined by the exciton chirality 
m e t h ~ d , ~  which corroborates the (5s) absolute configuration 
of the dione (1) in a non-empirical manner. 
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(-)-(5) as a syrup: [a]D -109" (G 0.053, CHCI,); n.m.r. 
(100 MHz, CDCI,) 6 1.52-2.40 (m, 12H, CH,), 3-00 and 3-05 
(s, 6H each, N-Me), 5-05 and 5.58 (dd, J 4.8, 2-2 Hz, 1H each, 
CH), and 6-55, 6-67, 7.88, and 7.92 (d, J 9.0 Hz, 2H each, 
ArH). Thus, the n.m.r. spectrum shows two different sets of 
benzoate pealis and two methine protons, which establishes 
the cis,trans relative configuration of the glycol system.' 

The c.d. spectrum of (-)-(5) clearly exhibits negative 
first and positive second Cotton effects ( A E ~ ~ ~  -36.6, 
+15.7; A -52.3, in ethanol) in the region of an  intra- 
molecular charge transfer band (u.v. Amax 310.5 nm, 
E 49,000, in ethanol) (Figure). Accordingly the exciton 
chirality between the two long axes of the benzoate chromo- 
phores is negative, which establishes the (1S,5S,6R) 
absolute stereochemistry of ( - ) - (5)  and also corroborates 
the (5s) configuration of (-)-( 1). This result agrees with 
that obtained by Horeau's 

The theoretically calculated c.d. spectrum of the diben- 
zoate ( - ) - ( 5 )  is in good agreement with the observed one, 
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7 The present method is more convenient than the reported procedure, ref. 2a. 
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although the amplitude is larger than the observed value 
(Figure);: this confirms the above assignment. I f  two mined. 
appropriate chromophores for chiral exciton coupling, i .e.,  
‘reporting chromophores’ are introduced, the absolute (Received, 25th A p d  1977; Corn. 384.) 

$ The numerical calculation was performed for the conformation depicted in (5) ; the two spiro ring planes are perpendicular t o  each 
other and the two benzoate groups adopt the most stable staggered conformation, respectively. For details of the calculation and the 
parameters used, see: N. Harada, S. L. Chen, and K. Nakanishi, J .  Amev. Chem. SOL, 1975, 97, 5345. 

L. A. Hulshof, H. Wynberg, B. van Dijk, and J.  L. de Boer, J .  Amer .  Chem. Soc., 1976, 98, 2733, and references therein; J. H. 
Brewster and R. T. Prudence, ibid., 1973, 95, 1217; R. K. Hill and D. A. Cullison, ibid., 1229; A. Meyer, H. Neudeck, and K. Schlogl, 
Tetrahedron Letters, 1976, 2233; G. Haas, P. B. Hulbert, W. Klyne, V. Prelog, and G. Snatzke, Helv. Chim. Acta, 1971, 54, 491; S. 
Hagishita, K. Kuriyama, K. Shingu, and M. Nakagawa, Bull. Chem. SOC. Japan,  1971,44,2177, and references therein; M. Nakagawa, 
K.  Shingu, H. Kuritani, and M. Sumiyoshi, Abst. No. 1A35 National Meeting of the Chemical Society of Japan, Higashiosaka, April 
1977. 

stereochemistry of spiranes can be unambiguously deter- 
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