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SYNTHETIC COMMUNICATIONS, 2 1 ( 1 8 & 1 9 ) ,  1 9 8 1 - 1 9 8 8  ( 1 9 9 1 )  

STEREOSELECTIVE SYNTHESES OF BRIDGEHEAD HYDROXY 

COMPOUNDS VIA REDUCTIVE CYCLIZATION REACTIONS 

PROMOTED BY SAMARIUM DIIODIDE 

Yung-Son Hon,* Ling Lu, and Kuan-Po Chu 

Institute of Chemistry, Academia Sinica, Nankang, Taipei, 

Taiwan 11529. R. 0. C. 

Abstract: Cycloalkanones appended with an a$-unsaturated carbonyl side 
chain react with 2.25 equivalents of samarium diiodide to form bicyclic or 
tricyclic bridgehead hydroxy compounds stereoselectively in moderate yield. 

Bridgehead hydroxy compounds are important not only to physical 

organic studies but also to natural products syntheses.' These compounds are 

normally made by condensation,2 dissolving metal induced r e d u c t i v e  

cyclization3 or free radical c y ~ l i z a t i o n . ~  Although monocyclic hydroxy and 

bicyclic angular hydroxy compounds can be prepared from the intramolecular 

*To whom correspondence should be addressed. 

1981 

Copyright 0 1991 by Marcel Dekker, Inc. 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

1:
46

 0
1 

Ja
nu

ar
y 

20
15

 



1982 H O N ,  L U ,  AND CHU 

a = 2 , 3  
b = l  
c = l  
E = CQMe 
E = COPh 

Scheme 1 

addition reaction of an olefin containing ketyl which can be generated 

photochemically.5 electrochemically.6-8 and chemically,9-12 bridgehead hydroxy 

compounds are rarely produced by these methods. The bridgehead carbocation, 

which can be generated from bridgehead hydroxy compound, is a useful 

intermediate for the carbon-carbon bond formation. 1.13 In the course of our 

studies directed towards the use of bridgehead carbocation in organic 

synthesis, we required a facile way to make bridgehead hydroxy compound.  

Conceptually, such a structural unit should be easily elaborated by a n  

intramolecular addition of the ketyl to the p-center of the a .0-unsaturated 

carbonyl group as shown (scheme 1). In this report. we summarize the results 

of our work in this direction. 

The cycloalkanones tethered to a,p-unsaturated esters or ketones were 

m a d e  from the corresponding enones by Sakurai reaction14 followed b y  

ozonolysis and Wittig reaction. The standard procedure for the cyclization 

reactions is as follows: To  the mixture of a keto-enoate (1.13 mmol), THF- 

HMPA (1 1 mL, 10 : 1) and terr-butyl alcohol (0.1 1 mL, 1.13 mmol) was added 
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SYNTHESES OF BRIDGEHEAD fIYDROXY COMPOUNDS 1983 

a THF solution (blue) of S m I 2  (0.2M, 12.7 mL) at room temperature with 

stirring under nitrogen. The color of the solution turned to brownish readily. 

The reaction was complete within 20 minutes upon which time it was quenched 

with 1N HCI. After usual work-up, the crude material was purified by silica gel 

column chromatography to give the cyclized products in moderate yield. The 

signal corresponding to the the carbon bearing the bridgehead hydroxy group 

appeared at 6 78-79 in 13C NMR is the diagonostic absorption for the 

cyclization product. l6 The results of the reductive cyclization reaction are 

summarized in Table 1. 

It is noteworthy that a,p-unsaturated esters are more effective than 

a,B-unsaturated ketones in trapping the ketyl intermediates. Although the 

a,P-unsaturated ester, nitrile and phenyl group have been used as acceptors,12 

there is no successful examples where a ,o-unsaturated ketones act as  

acceptors in reductive cyclization reactions. Products resulting from the 

straight reduction of the carbonyl or the double bond were not detected in our  

systems except in entry 5.17 The result in entry 5 shows the better ability of 

an alkylidene malonate in accepting electrons than a ketone. 

In each of the cyclization products shown in Table 1,  the major isomer 

posseses a trans relationship between the hydroxyl and C H 2 E  group 

(E=C02Me, COPh) about the newly formed C-C bond. The assignment of the 

trans stereochemistry of these major products was based on the following 

reasons. First, lactone formation could not be achieved by treating compound 

( 2 a )  with DBU in refluxing benzene for 24 hours. This indicates the 

correctness of the stereochemistry assignment since only the endo isomer is 

expected to cyclize due to the absence of the ring strain. Second, compound 

(8a)  is known in literatures and its spectral data are identical with those 
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1984 H O N ,  LU,  A N D  CHU 

5 

Table 1 .  The formation of bridgehead hydroxy compounds via reductive 
cyclization reaction induced by samarium diiodide 

&y 

I starting 
material mtry product 

&E a.E=C02Me 

b. E=COPh (2  1 

a. E=C02Me 

b. E=COPh 

a. E=C02Me 

b. E=COPh 
(6) 9-E 

0 

E= C02Me KYE 

yielda% 

70 

60 

80 

57 

76 

63 

74 

50 

45 

iastereo- 
electivity 

> 99 : lC 

> 99 : I C  

> 99 : lC  

> 99 : l C  

24 : I b  

14 : l b  

> 99 : I C  

> 99 : IC 

a. Satisfactory ' I f  . 13C NMR. IR. exact mass data and/or elementary analyses were obtained. 
b. The ratio was determined by capillary GC on a €IP-17 (10m x 0.53mm x 2.0pm). CP-Sil 
5CB (50m x 0.32mm x 0.27 pm) or Ultra 1 (25m x 0.2mm x 0.1 lpm) .  '.The I3C NMR 
spectrum indicates that only one isomer exists. The diastereoselectivities observe in all 
reactions shown in entries 1, 2. and 4 exceed the limits of capillary GC detection. 

obtained in our laboratory.(entry 4a)  

intramolecular addition reactions should follow similar pathways, the trans 

stereoselectivity in the reactions giving (2a) and (8a) should be also observed 

in all the other reactions. The electrostatic repulsion and the n o n b o n d i n g  

interaction between the oxygen anion and CH2E ( E = C 0 2 M e ,  

COPh) cause the CH2E group to adopt the exo orientation in the bicycloalkane 

Since one would expect that all the D
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1985 S Y N T H E S E S  OF B R I D G E H E A D  HYDROXY COMPOUNDS 

intermediates during cyclization so that very high stereoselectivities were 

observed. It is interesting to point out that compound (7).  under similar 

condition but at reflux temperature, gave a mixture of trans- and cis-isomers in 

a ratio of 9:1.11 Presumably carrying out the reaction at lower temperature 

gives the cyclized compound with better stereoselectivity. 

In conclusion, samarium diiodide can be utilized to induce the formation of 

bridgehead hydroxy compounds efficiently from the corresponding 

cycloalkanones appended with an a,(j-unsaturated esters or ketones with 

excellent stereoselectivity. 

Acknowledgement. We are grateful to the National Science Council, 

Republic of China for the financial support. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

Warner, P. M. Chen.  Rev.  1989,89,1067; Kraus, G.  A., Hon, Y. S., 

Thomas, P. J., Laramay, S., Liras, S., and Hanson, J. Chem. Rev.  1989,  89, 

1591. 

Macrosson, W. D., Martin, J., Parker, W., and Penrose, A. B. J. 

Chem.Soc. [C] 1968,2323. 

Stork, G., Malhotra, S., Thompson, H., and Uchibayashi, M. J. Arn.Chem. 

SOC. 1965,87, 1148; Stork, G., Boeckmann, G .  R. K., Jr., Taber, D. F., 

Still, W. C., and Singh, J. J. A m .  Chem. SOC. 1979,101,7107. 

Marinovic, N. N.and Ramanathan, H. Tetrahedron Lett. 1983,24, 1871. 

Belotti, D., Cossy, J., Pete, J. P., and Portell, C. Tetrahedron Lett. 1985,  

26,4591; Belotti, D., Cossy, J., Pete, J. P., and Portella, C. J. Org. Chem. 

1986,51,4196; Cossy, J.and Belotti, D. TetrahedronLett. 1988,29,6113. 

Shono, T., Nishiguchi, I., Ohmizu, H., and Mitani, M. J.  A m .  Chem. Soc. 

1978,100,545. 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

1:
46

 0
1 

Ja
nu

ar
y 

20
15

 



1986 H O N ,  L U ,  A N D  CHU 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Little, R. D., Fox, D. P., Hijfte, L. V.. Dannecker, R.. Sowell, G., Wolin, 

R. L., Moens, L., and Baiser, M. M. J .  Org. Chem. 1988.53.2287. 

Fox, D. P., Little, R. D.. and Baiser, M. M. J .  Org. Chem. 1985,50 ,  2202; 

Kariv-Miller, E.and Mahachi, T. J. J .  Org. chem. 1986,51, 1041. 

Corey, E. J.and Pyne, S. G. Tetrahedron Leu.  1983,24,2821; Ikeda, T., 

Yue. S.. and Hutchinson, C. R. J .  Org. Chem. 1985,50,5193; Pradhan, S. 

K., Kadam, S. R . ,  Kolhe. J. N.. Radhakrishnan, T. V., Sohani, S. V., and 

Thaker, V .  B. J.  Org. Chem. 1981,46,26?2. 

Molander, G. A.. Etter, J. B., and Zinke, P. W. J Am.Chem. Soc. 1 9 8 7 ,  

109,453; Molander, G. A., Kenny, C. J. J. A m .  Chem. S O C .  1989,111, 

8236; Enholm, E. J.and Trivellas, A. Tetrahedron Lett. 1989,30 ,  1063; 

Shim, S. C., Hwang, J. T., Kang, H. Y.and Chang, M. H. Tetrahedron 

Lett. 1990,31,4765. 

Fukuzawa, S. ,  Iida, M.,  Nakanishi, A., Fujinami, T., and Sakai, S. J. J. 

Chem. SOC., Chem. Commun. 1987,920. 

Enholm, E. J.and Prasad, G. Tetrahedron Lett. 1989 ,30 ,  4939. 

Kraus. G. A.and Hon, Y. S. J . A m .  Chem. SOC. 1985,107,4341; Kraus, G .  

A.and Hon, Y .  S. Heterocycles 1987 ,  25, 377. 

Hosomi, A.and Sakurai, H. J.  A m .  Chem. Sue. 1977.99, 1673. 

Hon, Y. S., Lu, L., Li, S. Y. J.  Chem. SOC., Cheni. Commun. 1990,  1627. 

The spectroscopic data for the cyclized compounds in this work are: 

Compound 2a white solid (m.p.=48-49S°C); IH NMR (CDC13) 6 1.00- 

2.24 (m, 12H), 2.52 (dq, J=16.3 and 5.4 Hz, 2H, CHz-C=O), 2.91 (s, 

IH, 0-H),  3.69 (s, 3H, 0-CH3); 13C NMR (CDC13) 6 19.06, 30.90, 32.91, 

33.27, 34.85, 42.70, 46.76, 51.60 (OCH3), 77.88 (C-OH), 174.88 (C=O); 

IR (CH2Cl2) vmax (cm-l): 3414 (br, OH), 1734 (C=O); MS (m/z): 198 
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SYNTHESES OF BRIDGEHEAD HYDROXY COMPOUNDS 1987 

(M+), 180, 167, 155 (base peak), 150; Anal. Calcd for CllH1803: C, 

66.60; H, 9.15. Found: C, 66.57; H, 9.44. 

Compound 2b colorless oil; 'H NMR (CDC13) 6 1.11-2.60 (m, 12H). 

3.27 (d, J= 6.9 Hz, 2H, CH2C=O), 3.60 (s, lH, 0-H), 7.43-7.58 (m, 3H, 

Ph-H), 7.97 -8.02 (m, 2H, Ph-H); I3C NMR (CDC13) 6 19.35, 31.08, 

33.33, 35.36, 38.21, 42.37, 47.07, 77.94 (C-OH), 128.09, 128.50, 133.15, 

136.90, 201.88 (C=O); IR (neat) Vmax (cm-l): 3405 (-OH), 1677 (C=O); 

MS (m/z): 244 (M+), 226, 213, 201, 183, 171, 146, 124, 105 (base peak), 

97, 81, 69, 57; HRMS (m/z): 244.1456 (M+, C16H2002, calcd 244.1412). 

Compound 4a  colorless oil; 'H NMR (CDC13) 6 0.96-2.45 (m, lOH), 

2.50 (dq, J= 15.0 and 6.9 Hz, 2H, CH2C=O), 3.15 (br s, lH, 0-H), 3.69 

(s, 3H, 0-CH3); 13C NMR (CDC13) 628.59, 30.43, 33.67, 35.51, 37.82, 

39.91, 45.47, 51.84 (O-CH3), 83.62 (C-OH), 175.10 (C=O); IR (neat) 

Vmax (cm-'1: 3419 (0-H), 1738 (C=O); MS (m/z): 184 (M+), 169, 168, 

155, 152, 123, 110,83. 

Compound 4 b  colorless oil; IH NMR (CDC13) 6 1.00-2.50 (m, lOH), 

3.23 (d, J=6.7 Hz, 2H). 3.71 (br s, lH, 0-H), 7.47-7.59 (m, 3H, Ph-H), 

7.98-8.02 (m. 2H, Ph-H); 13C NMR (CDC13) 6 28.82, 30.40, 33.76, 38.26, 

39.36, 40.65, 45.53, 63.08, 79.84 (C-OH), 128.14, 128.52, 131.18, 133.23, 

201.56 ( G O ) ;  IR (neat) Vmax (cm-l): 3406 (-OH), 1678 (C=O); MS 

(m/z): 230 (M+), 212, 201, 184, 157, 146, 133, 125, 110, 105 (base peak), 

95, 83, 71; HRMS (m/z): 230.1303 (M+, C15H1802, calcd 230.1306). 

Compound 6 a  colorless oil; IH NMR (CDC13) 6 1.26-1.90 (m, 17H), 

2.21-2.38 (m, lH), 2.50 (dq, I= 16.2 and 5.4 Hz, 2H, CH2C=O), 2.94 (br, 

IH, 0-H), 3.68 ( s ,  3H, 0-CH3); 13C NMR (CDC13) 6 23.57, 26.48, 26.71, 

28.97,31.77,33.52,38.90,42.11,45.08,51.65, 79.12 (C-OH), 174.86 

(C=O); IR (neat) Vmax (cm-'9: 3407 (0-H), 1736 (C=O); MS (m/z): 252 
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1988 H O N ,  LU, AND CHU 

(M+). 220, 201, 181, 167. 151 (base peak), 135, 113, 95, 83, 71, 57; 

HRMS (m/z): 252.1720 (M+. C15H2403, calcd 252.1725). 

Compound 6b colorless oil: lH NMR (CDC13) 6 1.17-2.04 (m, 16H), 

2.40-2.60 (m, 2H). 3.24 (d. J=7.2 Hz, 2H), 3.50 (br, 1H. 0-H),  7.43-7.58 

(m, 3H, Ph-H), 7.97-8.01 (m, 2H. Ph-H); 13C NMR (CDC13) 6 24.46, 

27.57, 29.88, 32.99, 39.55, 39.78, 42.49, 43.48, 43.90. 44.89, 46.07, 79.05 

(C-OH), 128.97, 129.37, 134.02, 137.57, 202.49 (C=O): IR (neat) vmax 

(cm-l): 34.47 (0-H),  1675 (C=O); MS (m/z): 298(M+). 280, 255, 227, 

193, 151, 120, 105; HRMS (rn/z): 298.1925 (M+. C20H2602, calcd 

298.1932). 

Compound 8a colorless oil; lH NMR (CDC13) 6 1.15 (s, 3H, C-CH3), 

1.24 (m, lH) ,  1.55-1.78 (br m, 4H). 1.90-2.10 (m, lH), 2.21-2.50 (m, lH), 

2.40 (dq, J=11.5 and 7.7 Hz, 2H. CH2C=O), 2.64 (br s, lH, 0-H),  3.69 (s, 

3H, 0-CH3): I3C NMR (CDC13) 6 20.38, 22.93, 30.24, 34.90, 41.00, 

46.31, 51.65 (0-CH3). 79.26 (C-OH), 174.55 (C=O); I R  (neat) Vmax (cm- 

I): 3476 (0-H),  1728 (C=O): MS (m/z): 171 (M+-l), 149, 129, 116 (base 

peak), 97, 83, 71. 

Compound 8 b  colorless oil; IH NMR (CDC13) 6 1.22 (s, 3H, C-CH3), 

1.30-2.02 (m, 6H), 2.38-2.54 (m, lH), 3.10 (d, J=6.8 Hz, 2H. CH2C=O), 

3.43 (br s, lH, 0-H),  7.47-7.62 (m, 3H, Ph-H), 7.96-8.01 (m, 2H, Ph-H); 

13C NMR (CDClj) 621.08,23.59, 30.97, 39.87, 41.41,46.13, 79.05 (c- 
OH), 128.07, 128.52, 133.46, 136.71, 201.32 (C=O); IR (neat) vmax (cm- 

l):  3467 (0-H), 1675 (C=O); MS (m/z): 218 (M+), 200, 185, 157, 146, 

133, 120, 113, 105 (base peak), 93, 81, 71; HRMS (m/z): 218.1304 (M+, 

C14H1802, calcd 218.1306). 

17. Girard, P., Namy, J. L., and Kagan. K. B. J.  A m .  Chem. Sac. 1980,102, 

2693. 

(Accepted in USA 12 June, 1991) 
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