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E. J. Corey and T. A. Engler 
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 

Abstract: Methods are described for the stereospecific conversion of hydrindenone 2 either to the 

corresponding trans fused or cis fused hydrindanone (1 or 2, respectively.) - 

The stereocontrolled generation of either cis or trans fused hydrindanes is a longstanding -- 

synthetic problem which continues to receive much attention. l-3 we now report stereocontrolled 

syntheses of the trans and cis hydrindanones 1 and 2 (required as part of a larger project) from -- 

the hydrindenone 2 which is readily available in 2 steps from 2,6-dimethyl-5-heptenal (melonal) 

in 76% overall yield. 
4 

The conversion of _ZJ to the trans fused hydrindanone was accomplished by a new method which 

depends on the internal delivery of hydrogen to the sp2 carbon at the fusion. Reduction of 3 by 

LiA1H4 (ether, -20') affords stereospecifically the allylic alcohol i (99%). The B-orientation of 

the hydroxyl group was shown by its hydrogenation with [Ir(cod)P-c-hx3(py)]CPFr65 as catalyst 

(20 mol %, 1 atm. H2, CH2C12) to a saturated alcohol which upon oxidation (Na2Cr207-aq. H2SO4, 

acetone, 0') produced the cis fused hydrindanone 2. 
6 The iridium catalyst is known to direct - 

hydrogen delivery to an allylic alcohol syn to the hydroxyl group.7 - The alcohol A8 was converted 

to the sulfinic acid% by the sequence (1) Mitsunobu inversion' by thiolacetic acid (1.5 equiv.)- 

triphenylphosphine (1.3 equiv.) - diethyl azodicarboxylate (1.3 equiv.) at 0' (82%); (2) reduc- 

tion of thiolacetate to thiol 2 (95%) with LiAlH4 at 23' in ether: and (3) oxidation with 2 equiv. 

of m-chloroperoxybenzoic acid in CH Cl 2 2 at -90° and filtration of the reaction mixture to remove 
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m_-chlorobenzoic acid. 10 Removal of CH2Cl2 from2 by distillation at atmospheric pressure 

(40 - 50") effects concurrent thermal decomposition11 of $_ to form 1 which can be isolated in>90% 

purity (80% overall yield from2) simply by filtration through a plug of silica gel with pentane 

as eluent. Olefin 2 was converted to the trans fused hydrindanone 1 in 89% overall yield by a 

three step sequence consisting of: (1) epoxidation with m-chloroperoxybenzoic acid - CH2C12 at _ 

5'; (2) SN2 epoxide displacement by LiAlH4 (ether, 23') to form 3:l mixture of epimeric alcohols 

(axial predominating); and (3) oxidation of the 3:l axial - equatorial alcohol mixture 

(Na2Cr207-aq. H2S04, acetone, 0'). __ The trans fused hydrindanone1 prepared in this way was free 

of the cis isomer 2 or other impurities as shown by chromatographic and 1 H nmr (300 MHz) analySiS. 

The stereospecific formation of the trans fused ketone 1 by thermolysis of sulfinic acid?, 

expected for a cyclic six-membered transition state, 11 occurs despite strong shielding by isopropyl 

of the n-face of the fusion sp2 carbon atom of 6. This finding strongly suggests that the allylic 

sulfinic acid route to fused ring systems will prove to be a reliable general method for control 

of geometry of ring fusions. Although this new method entails a number of steps, the present work 

shows that the individual operations are both simple to perform and efficient. 

The enone could be converted easily and stereospecifically into the cis fused ketone _?_ 

by either of two reductive processes which are controlled by the steric screening of the a-oriented 

isopropyl substitutuent in 3. Catalytic hydrogenation of ,3_ (Pd-C, 1 atm. H2, EtOAc) affords 

cis hydrindanone 2 stereospecifically 095% yield) as might have been expected on steric con- 

siderations. Interestingly, it was observed that the reduction of 3 with 3 equiv. of lithium 

and 1 equiv. of t-butyl alcohol in liquid ammonia at -78“ was also stereospecific and produced the _ 

cis fused ketone 2_ (76% isolated yield). Metal-ammonia reduction of fused ring enones has been - 

used on many occasions 
12 to generate trans ring fusions (purportedly by protonation of thermo- 

dynamically more stable radical anion intermediates having trans-like ring fusion). The present 

observation that2 is produced stereospecifically by metal-ammonia reduction of enone is 

especially instructive since it provides a clear indication that the direction of protonation of 

the reactive intermediate at the fusion atom can be subject to kinetic and steric control. 
13 

The trans fused hydrindanone 1 can also be obtained by hydrogenation of the allylic alcohol 

2 (prepared from 4_ via2 benzoate by Mitsunobu inversion 1' in 89% yield) with [Ir(cod)P-c-hx3(py)l+ 

PF; catalyst5 (30 mole%, 1 atm. H2, CH2C12), followed by chromic acid oxidation. However, the 

low yield (<20%) and large amount of catalyst required for the hydrogenation step render this 

process impractical in this form. 
15 



151 

2 

CH3 

cn 

4 

'0 

3 

7 

4 H 

5, X=SH 

6, X=SO,H 

9, X=OH 

References and Notes 

1. For trans hydrindanes: (a) G. Stork and K. S. Atwal , Tetrahedron Letters, 24, 3819 (1983); 
= 

(b) G. Stork, J. D. Winkler and N. A. Saccomano, ibid., = 24, 465 (1983); (c) D. Hart and 

C. Chuang, J. Org. Chem., 48, 1782 (1983); 
= 

(d) G. Stork, C. S. Shiner and J. D. Winkler, 

J. Am them. Sot., 104, 310 (1982); (e) G. Stork and K. 
= Atwal, Tetrahedron Letters, 23, 

= 

2073 (1982); (f) B. B. Snider and T. C. Kirk, J. Am Chem. Sot., 105, 2364 (1983); (g) = 

B. B. Snider and E. A. Deutsch, J. Org. Chem., 48, 1822 (1983); and (h) references cited 
= 

in the above. 

2. - For cis hydrindanes: (a) G. Stork and R. Mook, Jr., J. Am. Chem. Sot., 105, 3720 (1983) ; = 

(b) G. Stork and N. H. Baine, ibid ~, 104, 2321 (1982); (c) N. N. Marinovic and H. Ramanathan, 

Tetrahedron Letters, 24, 1871 (1983); Cd) G. Majetich, R. Desmond and A. M. Casares, ibid., 
= 

2, 1913 (1983); (e) references cited in (a) - (a). 

3. For cis and trans hydrindanes: - - (a) F. E. Ziegler and J. Mencel, ibid., 2, 1859 (1983); 

(b) W. R. Rousch, H. R. Gillis and A. I. Ko, J. Am. Chem. Sot., 104, 2269 (1982); (c) 
= 

references cited therein. 



152 

4. B. B. Snider, D. J. Rodini and J. van Straten, ibid., = 102, 5872 (1980). 

5. R. H. Crabtree, H. Felkin, T. Fellebeen-Kahn and G. E. Morris, J. Organomet. Chem., 168, 183 

(1979). 

6. The structure of the cis fused hydrindanone 2_was established by x-ray crystallography of - 

a crystalline derivative to be described in detail in Crystal Struct. Commun. 

7. (a) R. H. Crabtree and M. W. Davis, Orqanometallics, 2, 681 (1983); (b) G. Stork and D. E. 
= 

Kahne, J. Am. Chem. Sot., 105, 1072 (1983). 
= 

8. Other reducing agents which effected clean reduction of 3 to 4_were NaBH4 in CH30H at -20' 

and NaBH4-CeCl 
3 

in CH30H-H20 at 23'. 

9. R. P. Volante, Tetrahedron Letters, 22, 3119 (1981). Best results were obtained by the 
= 

addition of the phosphine-azo ester complex to a solution of Land thiolacetic acid in 

dimethoxyethane. 

10. For best results, thiol2 in CH2C12 was added to a solution of peroxy acid in CH2C12. 

11. (a) W. L. Mock and R. M. Nugent, J. Org. Chem., 43, 3433 (1978); (b) M. M. Roqic and D. 
= 

Masilamani, J. Am. Chem. Sot., 99, 5219 (1977). 
= 

12. (a) H. Smith, "Organic Reactions in Liquid Ammonia", Vol. 1, Part 2, John Wiley and Sons, 

New York, N. Y., 1963; (b) R. L. Augustine, "Reduction: Techniques and Applications", 

Marcel Dekker, New York, N. Y., 1968. 

13. No trans fused ketone _l_ could be detected in the lithium-liquid ammonia reduction of 2. 

It has been reported that the analog of &lacking the isopropyl substituent by lithium- 

ammonia affords a mixture of cis and trans fused products (ratio 9:l); see, D. Caine, 

Organic Reactions, z, 33-35 (1976). 

14. 0. Mitsunobu, Synthesis, 1 (1981). 

15. This research was assisted financially by the National Institutes of Health and the 

National Science Foundation. 

(I:eceived i-n C'CP 17 Cctohcr 1083) 


