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BICYCLO[3.2.1]0CTANES VIA MCMURRY COUPLINGS

Bor-Cherng Hong* and Sheng-Fei Chin

Department of Chemistry, National Chung-Cheng University,
Chia-Yi, Taiwan, R. O. C.

Abstract: A novel approach to the synthesis of bicyclo[3.2.1]octane systems is described. The
key step involves the McMurry coupling of ketoaldehyde 7 which leads to the bridgehead
dihydroxybicyclo{3.2. 1Joctane 8.

The bicyclo[3.2.1]octane system is present in many naturally occurring
biologically active compounds.! It has also served as a useful building block for
the synthesis of a wide variety of natural and unnatural compounds.2 The synthesis
of 2-hydroxybicyclo[3.2.1]Joctane has received a great deal of attention over the
years. A variety of approaches to the system have been outlined and successfully
applied to the total synthesis of many natural products.3 None the less, a general
methodology for the synthesis of bridgehead dihydroxybicyclo-[3.2.1]octanes has

never been realized.
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Enterocin is an antibiotic with static activity against gram-positive and gram-
negative bacteria (scheme 1).4 Tt was first isolated from Japanese soil samples
containing Streptomyces candidus var. enterostaticus and S. viridochromogenes
var. M-127. Initially, we planned a synthesis of enterocin which involved the
preparation of the bridgehead dihydroxy bicyclo[3.2.1]octane 3 via a radical
cyclization of bromoketone 2 (scheme 2). 3-Halohomoallyl alcohols can be
prepared efficiently via zinc3, tin® or indium?-promoted 2-haloallylation of carbonyl
compounds with 2,3-dihalopropene. To the best of our knowledge, these
methodologies have never been applied to the alkylation of 1,3-diones. This
prompted us to rigorously examine the reaction of 1,3-cyclohexadione and 2,3-
dibromopropene in the presence of zinc, tin and indium. Surprisingly, no reaction
was observed with zinc and indium, while tin provided the dialkylated product 4
along with unreacted starting material. This lack of reactivity may in part be due the
formation of the enol tautomer of 1,3-cyclohexadione which would reduce the
electrophilic nature of the carbonyl groups. The 13C NMR spectra of 4 shows 7

lines, indicating that it has a cis configuration.8 Unfortunately, numerous attempts
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at the metathesis of 4 to diol § with (Cy3P)2Cl2Ru=CHPh or
Mo(CHCMe,Ph)(N(2,6-(i-Pr)2CeH3))(OCMe(CF3)2),? failed.

Previously, the synthesis of the bridgehead hydroxy bicyclo[3.2.1]octane
has been achieved vig free radical cyclization!0, intramolecular enolate alkylation!!,
reductive cyclization!2, Barbier reaction!3, photoreductive cyclization!4, C-H
insertion reaction!5 and allylsilane annulation!®. Nicolaou and coworkers have
successfully applied the McMurry coupling reaction to the construction of the Taxol
skeleton.!7 Encouraged by these results, we envisioned using this cyclization in
our synthesis of the bridgehead hydroxy bicyclo[3.2.1]octane.

To this end, ketoalcohol 6 was prepared by addition of excess
allylmagnesium bromide to the sodium enolate of cyclohexa-1,3-dione in 15% yield
(Scheme 2).18 This yield was enhanced to 31% when cyclohexa-1,3-dione was
protected as its monoketal prior to alkylation. Alkene 6 was subsequently oxidized
to aldehyde 7 in 82% yield. The Ti°-mediated McMurry coupling reaction!'?
occured when a DME solution of ketoaldehyde 7 was added by syringe pump to a
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DME solution of TiCl3-(DME); 5 (11 equivalents) and Zn-Cu couple (26
equivalents) at 70 °C. Triol 8 was isolated in 15% yield. The rather low yield in
this reaction reflects the inherent difficulty of forming such a highly functionalized
and strained ring system. Alternatively, ketone 9 was prepared via conjugate
addition of allyl Grignard to cyclohexenone in the presence of copper iodide
Ozonolysis of 9 followed by a McMurry coupling under similar conditions
provided 11 in 50% yield.

In summary, a bridgehead dihydroxybicyclof{3.2.1]octane (8) was
synthesized by a relatively simple route. The key step involves a Ti’-mediated
McMurry cyclization in the presence of Zn-Cu couple. This notes the first time a
McMurry coupling was employed in the construction of the bicyclo[3.2.1]octane
system. This procedure should make 8 readily available as an important

intermediate for organic synthesis.
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Experimental Section

1,3-di(2-bromoprop-2-enyl)cyclohexane-1,3-diol (4). To a solution
of tin powder (120 mg, 1.0 mmol) and 2,3-dibromopropene (300 mg, 1.5 mmol)
in EtpO-H0 (1:1, 2 mL) was added 2 drops of HBr (48% HO solution) and 1,3-
cyclohexanedione (71 mg, 0.63 mmol) at 25°C. The reaction mixture was stirred at
25°C for 25 h. The resulting solution was diluted with Et;0 (30 mL), washed with
H;0 (10 mL). The ether solution was dried over MgSO4 and concentrated in vacuo
to give the oil product. The crude product was purified by flash column
chromatography (silica gel) with 15% EtOAc-hexane (Ry= 0.54 in 30% EtOAc-
hexane) to give the diol 4 as a colorless oil (22 mg, 10% yield) and recovered 1,3-
cyclopentadione (40 mg, 56% recovered). IR (neat): 3354, 2938, 1722, 1622,
1416, 1344, 1294, 1158, 992, 892 cm-!; |H NMR (CDCl3, 200 MHz): 8 5.63 (d,
J = 8.8 Hz, 4 H), 3.50 (br.s, 2 OH), 2.62 (s, 4 H), 1.17-2.09 (m, 8 H); 13C NMR
(CDCls, 50 MHz): 8§ 127.23 (two C of C), 121.66 (two C of CHp), 72.74 (two C
of C), 54.25 (two C of CHy), 44.57 (two C of CH»), 36.64 (two C of CHj),
16.87 (two C of CH3); MS (m/z, relative intensity): 357 (M++4, 6), 355 (M*++2,
14), 353 (M*, 6), 235 (34), 233 (33), 217 (100), 215 (99), 135 (26), 113 (70), 85
(33); exact mass calculated for C12H1902Brp (M*++1): 352.9751; found 352.9773.

3-hydroxy-3-prop-2-enylcyclohexan-1-one (6). Method A: To a mixture
of NaH (288 mg, 12 mmol) in THF (30 mL) was added 1,3-cyclohexanedione
(1.12 g, 10 mmol) and stirred for 30 min at 25 °C. To this mixture was added a
solution of allylmagnesium bromide in THF (1.1 N, 13.6 mL, 15 mmol). The
reaction mixture was stirred at 60°C for 1 h. The reaction was quenched by
addition of H20 (2 mL) at 0 °C. The solution was extraction with ethyl acetate,

washed with water, dried over NapSO4 and concentrated in vacuo to give the crude
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product 6. The residue was purified by flash column chromatography with 10%
EtOAc/hexane (Re= 0.59 in 30% EtOAc/hexane) to give alcohol 6 as a colorless oil
(231 mg, 15% yield). IR (neat): 3418, 2950, 1704, 1698, 1422, 1230, 1118, 972,
918 cm'!; IlH NMR (CDCl3, 200 MHz): § 5.68-5.95 (m, 1 H), 5.07-5.20 (m, 2
H), 1.62-2.55 (m, 11 H); 13C NMR (CDCls, 50 MHz): § 210.37 (C), 132.22
{CH), 120.10 (CH3), 75.23 (C), 53.00 (CHj), 47.00 (CHy), 40.72 (CHy), 3547
(CH3), 20.99 {CH3); MS (m/z, relative intensity): 154 (M*, 1), 136 (3), 113
(100), 85 (58), 55 (12); exact mass calculated for CoH{40, (M*): 154.0994; found
154.0996.

Method B: To a solution of magnesium powder (1.6 g, 65.8 mmol) and ketal
1220 (3.5 g, 22.4 mmol) in dry THF (20 mL) was added a solution of allyl
bromide (5.43 g, 44.9 mmol) in THF (20 mL) over a period of 15 min at 60°C.
The reaction mixture was stirred at 60°C for 1 h. The reaction was quenched by
addition of HyO (2 mL) at 0 °C. The solution was extracted with ethyl acetate,
washed with water, dried over NapSQOy4 and concentrated in vacuo to give the crude
product 13. To a solution of this crude 13 in acetone (150 mL) was added HCI
(0.5 mL, 3N in Hy0). The solution was stirred for 30 min at 25 °C and extracted
with ethyl acetate (500 mL), washed with aqueous saturated NaHCOj3 solution (50
mL) and HpO (50 mL), concentrated in vacuo to give the crude product 6. The
residue was purified by flash column chromatography with 10% EtOAc/hexane (Ry
= 0.59 in 30% EtOAc/hexane) to give alcohol 6 as a colorless oil (1.6 g, 46%
yield).

2-(1-hydroxy-3-oxocyclohexyl)ethanal (7). A stream of ozone was
bubbled through a solution of alcohol 6 (1.5 g, 9.7 mmol) in CH,Cl3 (40 mL) at
-78 °C until the solution turned into pale blue color. Triethylamine (5 mL) was

added slowly and warmed up to room temperature over 1 h. The solution was
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diluted with ethyl acetate (500 mL), washed with brine, dried over anhydrous
magnesium sulfate, concentrated in vacuo and the residue was purified by flash
column chromatography with 2% MeOH-CH>Cl2 (Rf= 0.58 in 10% MeOH-
CH>Cly) to give aldehyde 7 (1.24 g, 82% yield). IR (neat): 3416, 2954, 1712,
1416, 1352, 1318, 1234, 1126, 1062, 952 cm-!; IH NMR (CDCls, 200 MHz): &
9.82 (t, ] = 1.2 Hz, 1 H), 3.45 (s, 1 H), 2.72 (br.s, 2 H), 1.42-2.67 (m, 8 H);
13C NMR (CDCl;, 50 MHz): & 209.88 (C), 202.03 (CH), 74.37 (C), 54.28
(CHy), 53.02 (CHy), 40.42 (CHj), 35.62 (CHp), 20.55 (CHy); MS (m/z, relative
intensity): 156 (M™, 8), 138 (57), 128 (28), 113 (65), 110 (100), 95 (39), 82 (65),
71 (55); exact mass calculated for CgH1203 (M+): 156.0786; found 156.0779.

Bicyclo[3.2.1]Joctane-1,5,6-triol (8). A solution of TiCl3-DME; 5 (2.6 g,9
mmol) and Zn-Cu (1.67 g, 27.1 mmol) in dry DME (25 mL) was heated to reflux
for 5 h. To this solution was slowly added a solution of aldehyde 7 (140 mg, 0.90
mmol) in DME (25 mL) over 40 h. The solution was stirred for further 3 h and
filtered through celite 545, washed with H>O (50 mL), extracted with 10%
isopropanol-EtOAc (5x150 mL). The organic solution was dried over MgSQOgy,
concentrated in vacuo to give the crude product. The residue was purified by flash
column chromatography with 15% MeOH-CH)Cly (Re= 0.23 in 15% MeOH-
CH,Cl,) to give the triol 8 as a colorless oil (22 mg, 15% yield). IR (neat): 3390,
2946, 1652, 1338, 1264, 1104, 1056 cm'!; TH NMR (acetone-dg, 400 MHz): §
4,11 (dd, J = 5.8, 2.2 Hz, 1 H), 3.92 (br.s, 3 OH), 1.03-2.22 (m, 10 H); 13C
NMR (acetone-dg, 50 MHz): § 80.65 (C), 78.62 (CH), 75.92 (C), 52.81 (CHy),
46.66 (CH,), 40.69 (CHj3), 34.94 (CHy), 20.27 (CHj3); MS (m/z, relative
intensity): 140 (M+-18, 6), 113 (100), 97 (59), 84 (38); exact mass calculated for
CgH 403 (M*): 158.0943; found 158.0940.
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2.(3-oxocyclohexyl)ethanal (10). Starting from ketone 92! as described
for the preparation of 7, the crude product after purification by flash column
chromatography with 40% EtOAc-hexane (R¢= 0.25 in 50% EtOAc-hexane) gave
aldehyde 10 (85% yield). IR (neat): 2954, 1720, 1712, 1416, 1352, 1318, 1234,
1126 cm-l; IH NMR (CDCl3, 200 MHz): § 9.67 (s, 1 H), 1.12-2.56 (m, 11 H);
13C NMR (CDCls, 50 MHz): § 210.02, 200.83, 49.98, 47.53, 40.96, 33.45,

30.83, 24.77.

Bicyclo[3.2.1]octane-1,7-dio]l (11). Starting from aldehyde 10 as
described for the preparation of 8, the crude product after purification by flash
column chromatography with 70% EtOAc-hexane (Ry= 0.29 in 80% EtOAc-
hexane) gave the diol 11 as a colorless oil (50% yield). IR (neat): 3390, 2932,
1258, 1110, 1054, 908 cm-1; I'H NMR (CDCl;, 200 MHz): § 3.67 (dd, J = 10.4,
4.2 Hz, 1 H), 0.77-2.61 (m, 13 H); 13C NMR (CDCl;, 50 MHz): & 78.09 (C),
73.65 (CH), 41.95 (CH>), 38.83 (CH3), 36.85 (CHj), 32.49 (CH), 29.87 (CHy),
19.05 (CHj3); MS (m/z, relative intensity): 142 (M*, 3), 109 (22), 94 (100}, 83
(41), 71 (58), 57 (66); exact mass calculated for CgH 1407 (M*+): 142.0994; found
142.0996.
Acknowledgements.

We are grateful to Dr. Sepehr Sarshar for the revision of the manuscript.
Mass spectra were provided by the National Science Council Spectroscopic Service
Center. Financial support from the National Science Council (NSC 88-2113-M-

194-013, NSC 88-2314-B-194-001) and National Chung-Cheng University is
gratefully acknowledged.

References and Notes:

1 (a) Nakajima, H.; Isomi, K.; Hamasaki, T. and Ichinoe, M. Tetrahedon Lett.,
1994, 35, 9597. (b) Avent, A. G.; Chamberlain, C.; Hanson, J. R. and
Hitchcock, P. B. J. Chem. Soc. Perkin I, 1985, 2493. (c) Bohlmann, F.;



Downloaded by [University of California Santa Barbara] at 12:14 17 June 2013

BICYCLO[3.2.1]J0CTANES VIA MCMURRY COUPLINGS 3105

Jakupovic, J.; Schuster, A.; King, R. M. and Robinson, H. Phytochemistry,
1982, 21, 2317. (d) Yamashita, M.; Kinjo, J.; Ito, Y.; Kajimoto, T. and
Marubayashi, N. Chem. Pharm. Bull., 1990, 38, 2905. (e¢) Rodrigues, M.;
Fernandes, J.; Braz, R.; Yoshida, M. and Gottlieb, O. R. Phytochemistry,
1984, 23, 667. (f) Bohlmann, F.; Ziesche, J.; King, R. M. and Robinson, H.
Phytochemistry, 1981, 20, 751. (g) Snider, B. B. and Buckman, B. O. J.
Org. Chem., 1992, 57, 4883.

2 (a) Barbero, A.; Cuadrado, P.; Gonzalez, A. M.; Pulido, F. J.; Rubio, R. and
Fleming, 1. Tetrahedron Lett., 1992, 39, 5841. (b) Molander, G. A. and
Mckie, J. A. J. Org. Chem., 1996, 56, 4112. (c) Trost, B. M. and Coppola,
B. P. J. Am. Chem. Soc., 1982, 104, 6879. (d) Semmelhack, M. F. and
Brickner, S. J. J. Org. Chem., 1981, 46, 1723. (e) Blanco, F.; Cuadrado, P.;
Gonzalez, A. M.; Pulido, F. J. and Fleming, 1. Tetrahedron Lett., 1994, 35,
8881. (f) Singh, V.; Furusaki, A.; Jaime, C.; Matsumoto, T. and Osawa, E.
Bull.Chem.Soc.Jpn., 1992, 65, 2312.

3 (a) Klunder, A. J. H. and Zwanenburg, B. Chem. Rev., 1989, 89, 1035.

(b) Kraus, G. A. and Shi, I. J. Org. Chem., 1990, 55, 5423.. (c) Kraus, G.
A.; Hon, Y.-S.; Thomas, P. J.; Laramay, S.; Liras, S.; Liras, S. and Hanson,
J. Chem. Rev., 1989, 89, 1591.

4 (a) Miyairi, N.; Sakai, H.-I.; Konomi, T. and Imanaka, H. J. Antibiot., 1976,
29,227. (b) Tokuma, Y.; Miyairi, N. and Morimoto, Y. J. Antibiot., 1976,
29, 1114.

5 Oda, Y.; Matsuo, S. and Saito, K. Tetrahedron Lett., 1992, 33, 97.

Mandai, T.; Nokami, J.; Yano, T., Yoshinaga, Y. and Otera, J. J. Org. Chem.,
1984, 49, 172.

7 Cha, T.H.; Li, C. J.; Lee, M. C. and Wei, Z. Y. Can. J. Chem., 1994, 72,
1181.

8 A synthesis of cis-1,3-dihydroxy cyclohexene derivatives was reported
recently, see: Hayashi, T.; Takagi, H.; Masuda, H. and Ogoshi, H. J. Chem.
Soc., Chem. Commun., 1992, 364.

9 For metathesis reactions, see: (a) Grubbs, R. H.; Miller, S. J. and Fu, G. C.
Acc. Chem. Res., 1995, 28, 446. (b) Houri, A. F.; Xu, Z.; Cogan, D. A.
and Hoveyda, A. H. J. Am. Chem. Soc., 1995, 117, 2943.

10 Curran, D. P. and Yoo, B. Tetrahedron Lett., 1992, 33, 6931.



Downloaded by [University of California Santa Barbara] at 12:14 17 June 2013

3106 HONG AND CHIN

11 House, H. O.; Laack, J. L.; McDaniel, W. C. and VanDerveer, D. J. Org.
Chem., 1983, 48, 1643.

12 Hon, Y.-S.; Ly, L. and Chu, K.-P. Synth. Commun., 1991, 21, 1981.

13 Molander, G. A. and McKie, I. A., J. Org. Chem., 1991, 56, 4112.

14 Belotti, D.; Cossy, J.; Pete, 1. P. and Portella, C, Tetrahedron Lett., 1985,
26, 4591.

15 Wang, P. and Adams, J. J. Am. Chem. Soc., 1994, 116, 3296.

16 Trost, B. M. and Coppola, B. P. J. Am. Chem. Soc., 1982, 104, 6879.

17 Nicolaoy, K. C.; Yang, Z.; Liy, 1. J.; Ueno, H.; Nantermet, P. G.; Guy, R.
K.; Claiborne, C. F.; Renaud, J.; Couladouros, E. A.; Paulvannan, K. and
Sorensen, E. J. Nature (London), 1994, 367, 630.

18 Funk, R. L.; Horcher, L. H. M.; Daggett, J. U. and Hansen, M. M. J. Org.
Chem., 1983, 48, 2632.

19 For the review of McMurry reaction, see: McMurry, J. E. Chem. Rev., 1989,
89, 1513.

20 (a) Cronyn; G. J. Am. Chem. Soc., 1952, 74, 3331. (b) Wang, K. K;
Andemichael, Y. W. and Dhumrongvaraporn, S. Tetrahedron Lett., 1989, 30,
1311. (c) Lambert, J. B.; Xue, L.; Bosch, R. J.; Taba, K. M. and Marko, D.
E. J. Am. Chem. Soc., 1986, 108, 7575. (d) Hayashi, T.; Takagi, H.;
Masuda, H. and Ogoshi, H. J.Chem.Soc.Chem.Commun., 1993, 364.

21 (a) House, H. O. and Wilkins, J. M. J.Org.Chem., 1978, 43, 2443.

(b) Bertz, S. H. and Dabbagh, G. Tetrahedron, 1989, 45, 425.

Received in the UK 15 September 1998





