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Summary: Electronic control of the anti/syn stereoselectivity in metal hydride reductions of 
7-benzonorbornenones &-d-is proposed. 

Stereoselectivity in nucleophilic additions toward 7-norbornenone has received consider- 

able attention. Experimental data so far available confirm that the nucleophiles stereo- 

selectively attack the carbonyl group from the syn-side of the double bond. For example, the 

reactions with sodium borohydride,' Grignard reagents, 
2a,b 

alkyl lithium reagents,3 diazo- 

methane,4 and with sulfonium5 or sulfoxonium 
2b 

ylides gave the products of syn attack in a 

stereoselective or stereospecific manner. Exceptions can be seen in the reaction with Jinyl 

lithium6 and phenyl lithium.' Mechanistic problems as to whether the observed stereoselectiv- 

ity is due to steric or electronic effects are controversial. Attack from the anti side of 

the double bond seems to be slightly more hindered owing to the steric repulsion of the H5 6- 

exo protons with incoming nucleophiles. An empirical calculation evaluating congestion or' 

tortional-corrected congestion, however, suggested that attack from the side of the double 

bond is slightly more hindered,* leading to a consideration that the stereoselectivity may be 

due to a chelating effect of the double bond rather than a steric or tortional effect.8 A 

similar electronic interpretation was also proposed by Bly and Bly.2b An insight into this 

selectivity can be drawn by the experiments reported by Tanida who investigated the metal 

hydride reductions of mono-substituted 7-benzonorbornenones1 as references for the solvolysis 

experiments of the corresponding anti-brosylates.' A maximum variation for the selectivity of 

anti/syn-alcohols was obtained in the disiamylborane reductions (52/48 for Z=Cl, 45/55 for Z= 

H, 36/64 for Z=OMe). However, the auther argued the selectivity in terms of the subtle change 

of steric environment, and did not refer to the electronic effect. For demonstration of the 

electronic effect, much wide variations in the selectivity are desirable. We wish to report 

the metal hydride reductions of the carbonyl group of 7-benzonorbornenones,&-g. 

Lithium aluminum hydride reductions of &-A in ether at 0°C gave anti-(3a-d) and syn- __ 

alcohols (a-d) in high yields with the ratios of lOO:O, 95:5, 81:19, 79:21, respectively. 

The same reductions in THF gave anti- and syn-alcohols with much widely variable stereochemi- 

cal responce, lOO:O, 92:8, 62:38, and 45:55. 

The stereochemistries of the anti- and syn-alcohols were determined by use of NMR shift 

reagents, Eu(fod)3." Furthermore, the NMR signals of the H7-protons in anti-alcohols appear 
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Table 1. Stereoselective reductions of 7-benzonorbornenones Za-da -- 

Metal hydride Ketone Isomer percentageb Solvent 

anti-AlcoholC syn-AlcoholC 

LiAlH4 2a 32 100 (mp 124°C) 4a 0 

b 

ether 

3b 95 (mp 135Y) & 5 (mp 165Y) 

2c & 81 (mp 115°C) & 19 (mp 105'Cd) 

d &l_ 79 (mp 108'C) Q 21 (mp 70°C) 

LiAlH4 a a 100 &O THF 

2b & 92 g 8 

c c 6Ze & 38e 

2d 3d 45 u 55 

NaBH4 2a j& 100 ho EtOH 

2b & 95 a5 

c & 81e Q lge 

d u 79 u 21 

B2H6 a & 100 4a 0 THF 

2_b 3b 93 g 7 

c 3c 75e 4~ 25e 

z!z! 3d 70 g 30 

BH(Sia)2 a & 100 4a 0 diglyme 

2b z -f 4b -f 

c 3c 57e 4c 43e 

2d g 
- 

46 54 - 

LiA1H(OtBu)3 2a a 100 4d 4a 0 ether 

2b z 100 4b 0 

c z 93 4c 7 - 

2d 3_sl 93 4d 7 - 

DIBAL-H 2a 3a 100 4a 0 ether 

2b 3; 86 14 - - 42 

c c 43 4c 57 

d 31 37 4d 63 - 

a; At 0°C for all reactions. 
isolation. 

b; Determined by GLC analysis and/or chromatographic 
c; The anti/syn stereoselectivity in the text is based on the product 

ratio of anti/syn alcohol. d; Lit, mp 104.1-105.7'C, P. D. Bartlett and 
W. P. Giddings, J. Am. Chem. Sot., 1960, 82, 1240. e; Similar but slightly different 
ratios were obtained by H. Tanida, T. Tsu~, 
1964, 86, 4904, and ref. 9). 

and H. Ishitobi in J. Am. Chem. Sot., 

reacti=. 
f; Solubility of 2 in this solvent is too low for the 



2648 

References and Notes 

1. H. C. Brown and J. Muzzio, J. Am. Chem. Sot., 1966, 88, 2811. 

2. a) J. Warkentin, Can. J. Chem., 1970, 3, 1391; b) R. K. Bly and R. S. Bly, J. Org. Chem. 

1963, 28, 3165. 

3. F. R. S. Clark and J. Warkentin, Can. J. Chem., 1971, 49, 2223. 

4. R. S. Bly, F. B. Culp, Jr., and R. K. Bly, J. Org. Chem., 1970, 3, 2235. 

5. N. F. Feiner, G. D. Abrams, and P. Yates, Can. 3. Chem., 1976,.&l_, 3955. 

6. J. A. Berson, T. Miyashi, and G. Jones, II, J. Am. Chem. Sot., 1974, 96, 3468. 

7. E. C. Ashby and J. T. Laerrmle, Chem. Rev., 1975,75, 521. 

8. W. T. Wipke and P. Gund, J. Am. Chem. Sot., 1976, 98, 8107. 

9. H. Tanida, Farumashia, 1966,2, 400. 

10. The relative shifts, induced by Eu(fod)3, of H, 4, H5 6-exe, H5 6-endo, and H7-protons 

are following;a: 1.00, 1.23, 0.76, and 2.02; &: 1.60, 1.20, i.66, and 2.16; a: 1.00, 

0.36, 0.35, and 1.71; 2: 1.00, 1.20, 0.65, and 2.09; e 1.00, 0.39, 0.35, and 1.82; 

g 1.00, 1.18, 0.62, and 1.97; s: 1.00, 0.42, 0.37, and 1.81, respectively. The values 

of H5 6-exe protons in the anti alcohols are considerably larger than those in the syn 

alcohils. 

11. A geometrical change associated with LC1C7C4 would not be important for a-g. See the 

discussion in reference 1 and references cited therein. 

12. The aforementioned chelating effect 
8,2b 

of the b-bond predicts the reverse order. 

13. S. Inagaki, H. Fujimoto, and K. Fukui, 3. Am. Chem. Sot., 1976, 2, 4054. 

14. The charge transfer band of 7-norbornenone was recently observed by D. A. Lightner, J. K. 

Gawronski, A. E. Hansen, and T. D. Bouman, J. Am. Chem. Sot., 1981,103, 4291; See also 

D. Chadwick, D. C. Frost, and L. Weiler, Ibid. 1971, 93, 4962; R. Bicker, H. Kessler, A. 

Steigel, and Z. Zimmermann, Chem. Ber., 1978, 111, 3215; J. B. Stothers, J. R. Swenson, 

and C. T. Tan, Can. J. Chem., 1975,53, 581; Gurudata and 3. B. Stothers, Ibid. 1969, 42, 

3601; H. Tanida, H. Miyazaki, and H. Ishitobi, Ibid. 1966, 44, 98. 

15. a) K. Okada and T. Mukai, J. Am. Chem. Sot., 1978, 100, 6509; K. Okada and T. Mukai, 

Tetrahedron Lett., 1979, 2429; b) L. A. Paquette, L. W. Hertel, R. Gleiter, and M. Bohm, 

J. Am. Chem. Sac., 1978,100, 6510; L. A. Paquette, F. Klinger, and L. W. Hertel, J. Org. 

Chem., 1981,%, 4403 and references cited therein. 

16. M. R. Giddings and J. Hudec, Can. J. Chem., 1981, 59, 459. 

17. H. B. Burgi, J. D. Dunitz, and Eli Shefter, J. Am. Chem. Sot., 1973,%, 5065; H. B. 

Burgi, J. M. Lehn, and G. Wipff, Ibid. 1974,x, 1956; J. Klein, Tetrahedron Lett., 

1973, 4307. 

18. E. Scrocco and T. Tomasi, Fortschr. Chem. Forth., 1973,%, 95; G. Klopman and R. F. 

Hudson, Theor. Chim. Acta, 1967, 8, 165; R. F. Hudson and G. Klopman, Tetrahedron Lett., 

1967, 1103; G. Klopman, J. Am. Chem. Sot., 1968,x, 223. 

19. J. Almlof, A. Henriksson-Enflo, J. Kowalewski, and M. Sundbom, Chem. Phys. Lett., 1973, 

2l, 560; J. Almlof, E. Haselbach, F. Kachimowicz, and J. Kowalewski, Helv. Chim. Acta, 

1975, 58, 2304. 

20. E. C. Ashby, F. R. Dobbs, and H. P. Hopkins, Jr., J. Am. Chem. Sot., 1975,z, 3158. 

(Received in Japan 27 February 1986) 


