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EFFICIENT SYNTHESES OF BREXANE AND HOHOBREXANE 

MONOFlJNCTIONALIZEO AT C-2* 

Alex Nickon* and Alfred G. Stern 
Department of Chemistry, The Johns Hopkins University, Baltimore, Maryland 21218 

Abstract: An efficient, eight-step synthesis of brexan-2-one has been developed (25.5% overall 
yield). The strategy also provided two convenient routes to homobrexan-2-one. The schemes can 
be easily adapted to introduce isotopic labels for mechanistic studies. 

Tricyclo[4.3.0.0.3s7 lnonane (1, i!=H), trivially named "brexane," holds unique interest among 

fused bridged systems, because it is comprised of two partially superposed norbornyl units (see 

bold lines in la and lb).’ The parent hydrocarbon and several monofunctional derivatives have 

served importantly in studies involving carbocations,2 carbenes, 3 homoenolate ions,4 and 

chiroptical behavior.5 And a trisubstituted brexane played a pivotal role in a total synthesis 

of the sequiterpene, sativene.6 

Convenient synthetic routes are presently available to brexanes functionalized in the two- 

carbon bridges7 but not to analogs monofunctionalized in the one-carbon bridge (i.e. at C2). 

Yet, the C2 derivatives are highly desirable for mechanistic investigations because of the unique 

circumstance that a substituent at that site (1, Z = H) is simultaneously exo to one norbornyl 

unit and endo to the other. Furthermore, only one stereoisomer is possible at C2, because 

interchange of H and Z produces neither a diastereomer nor an enantiomer but a structure 

superimposable on the original (i.e. ladb). Therefore, ionization kinetics and degenerate 

skeletal rearrangements of compounds such as brexan-2-01 brosylate (1, Z=OBs) have the potential 

to help resolve long-standing debates on how best to interpret the behavior of exo and endo 

norbornyl substrates. 8 
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iRespectfully dedicated to Professor Harry H. Wasserman on the occasion of his 65th birthday. 
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Although brexan-2-one has been synthesized before,5s7c the published route proceeds through 

12 linear steps, is inefficient (overall yield cl%), and involves some laborious and costly 

procedures. We now describe an efficient, convergent scheme to brexan-2-one. It provides an 

overall yield of 25.5% and, for the first time, makes this crucial system reasonably accessible 

for mechanistic exploitation. furthermore, our route can be easily adapted to provide 

polyfunctional analogs, isotopically labeled derivatives, and ring-expanded homologs. for 

example, homobrexane (tricyclo[5.3.0.04**]decane) is a Cl0 skeleton found in lumibullvaleneg and 

believed to be a major conduit in Lewis acid isomerization of [3.3.2] propellanes to 

adamantane.l' Homobrexan-2-one (14) has been synthesized by Tobe et al by a multistage route in --• 

overall yield of l%;T" our current approach produces this ketone in 24% yield. 

Our strategy to brexan-2-one (9) began with commercially available 2-(2-bromoethyl)-1,3- 

dioxolane and is summarized in the adjoining scheme. Displacement of bromide by cyclopentadienyl 

sodium afforded an expected" mixture of Z-(2-cyclopentadienylethyl)-1,3-dioxolanes 2 (79% 

yield), which we hydrolyzed directly to a mixture of 3-cyclopentadienylpropanals 3 (68%).12 A 

modified Wittig reaction13 with methyltriphenylphosphoranylidene acetate converted 3 in 64% yield 

to a five-component mixture of trienoic esters 4 (two E isomers (92-98%) and three Z isomers (2- 

8%)). Heating mixture 4 in benzene at 115°C equilibrates the double bonds in the ring and effects 
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a stereospecific, internal Diels-Alder cycloaddition14 on the appropriate cyclopentadiene 

isomer. The product (79% yield) was endo-2-methoxycarbonyl-4-brexene (5).15 Catalytic 

hydrogenation provided 2-methoxycarbonylbrexane (6; 99%). The ester appendage was degraded to a 

ketone by a three-stage sequence16 that involved: (i) treatment of 6 with lithium 

cyclohexylisopropylamide and dimethyl disulfide to give 7 (99%); (ii) saponification to the 2- 

thiomethyl-Z-carboxylic acid 8 (97%); (iii) oxidative decarboxylation of the sodium salt with N- 

chlorosuccinimide to afford brexan-2-one (9) in 99% yield. This target ketone (25.5% overall 

yield from the bromodioxolane) was identical in all respects with an authentic sample.7c 

To demonstrate the versatility of our scheme, we developed two branch routes to the valuable 

homolog, homobrexan-e-one (14). One branch involved homologation of 9 by successive action of 

trimethylsilyl cyanide17 and LiAlH4 to give amino alcohol 10 (95%). Then a Tiffeneau-Demjanov 

expansion'* of semipinacol 10 with nitrous acid provided a 98.5% yield of 14, whose 13C NMR 

spectrum was superimposable on that of an authentic sample." The overall yield of 14 from the 

original bromodioxolane was 24%. Our synthesis offers an economical way to label the homobrexane 

skeleton with 13C for mechanistic studies because the TMSCN reagent can be prepared from 13C- 

enriched KCN. 

In our second branch path to homobrexan-2-one, we reduced ester 6 with LiAlH4 to give 

alcohol 11 (93%). Then conversion to the seleno ether 12 (96%) with o-nitrophenyl seleno- 

cyanate2' followed by H202 oxidation afforded E-methylenebrexane (13) in 97% yield.21 We 

transformed alkene 13 to ketone 14 directly (46%) by action of cyanogen azide (generated from 

NaN3 and CNBr in CH3CN)22 and hydrolytic workup. An unexpected substantial by-product (35% 

yield) in this ring expansion was isolated and shown to be the bromo olefin 15 via 'H and 13C 

NMR, mass spectroscopy, etc. Formation of bromo alkenes was not observed earlier by workers who 

developed this method of ring expansion on numerous systems22 but evidently arises from bromide 

in the milieu. This finding could help reveal the types of intermediates involved in the 

cyanogen azide reaction and might also be explored for possible synthetic potential. 

Acknowledgement. This research was supported by the National Science Foundation (CHE-8200803) 
and the National Institutes of Health (GDlES02300). We are grateful to Or. Thomas Fairwell 
(NIH), who graciously obtained our mass spectra and assisted us in their interpretation. Funding 
for the 400 MHz spectrometer came from NSF (PCM 83-03176) and NIH (1 SIO RR01934). 

References and Footnotes 

1. Nickon, A.; Kwasnik, H.; Swartz, T.; Williams, R. 0.; DiGiorgio, J. B. J. Am. km. kc. 
1965, 87, 1613-1615. 

2. (a) Nickon, A.; Weglein, R. C. J. Am. Chem. Sot. 1975, 97, 1271-1273. (b) Bly, R. S.; Bly, 
R. K.; Bedenbaugh, A. 0.; Vail, 0. R. J. Am. Chem. Sot. 1967, E, 880-893. (c) Schleyer, 
P. v. R.; Wiscott, E. Tetrahedron Lett.1967, 

3. (a) Nickon, A.; Huang, F.-C.; Weglein, R.; Matsuo, K.; Yagi, H. J. Am. Chem. Sot. 1974, 96, 
5264-5265. (b) Nickon, A.; Bronfenbrenner, J. K. J. Am.Chem. Sot. 1982 104 2022-2023. 'A 

4. Nickon, A.; Kwasnik, H.; Swartz, T.; Williams, R. 0.; DiGiorgio, J. B. J. Am. Chem. Sot. 
1965, 87, 1615-1616. 

5. Nakazaki, M.; Naemura, K.; Kadowaki, H. J. Org. Chem. 1976, 41, 3725-3730. 



5918 

6. 

7. 

Snowden, R. L. Tetrahedron Lett. 198122, 101-102. 

8. 

(a) Brieger, G.; Anderson, 0. R. J. Or 
0. J. Tetrahedron, 1972, 28, 
Swartz,~lliams, R. 
Nickon, A:; Weglein, R. C.; 

(d) 
Mathew, C. T. Can J. Chem. 

lg;i, C&m;,;~;!;.", 3904-3916. 

Recent reviews. (a) Barkhash, V. A. Top. Cut-r. Chem., 1983, 116/117, l-265. 
G ibid 267-341. 

(b) Shubin, V. 

il;:dxx440. 
(c) Grob, C. A. Act. Chem. Res. 1983, m-431. (d) Brown, H. C. 

i&?lTing, C. ibid., 
(e) Olah, 6. A.; Prakash, G. K. S.; Saunders, M. ibid., 440-448. (f) 
448-454. 

9. (a) Jones, M. Jr. J. Am. Chem. SOC. 1967, E, 4236-4238. 
Chem. Rev. 1972, 72, 181-202. 

(b) Scott, L. T.; Jones, M. Jr. 

10. 

11. 

Tobe, Y.; Terashima, K.; Sakai, Y.; Odaira, Y. J. Am. Chem. Sot. 1981,103, 2307-2309. 

(a) McLean, S.; 
V 

Haynes, P. Tetrahedron, 1965, 21, 2313-2327. (b) Mironov, V. A.; Sobolev, E. 
.; Elizarova, A. N. Tetrahedron 1963, 19, 193Fl958. 

J. Am. Chem. Sot. 1972, 94, 8586-8587. 
(c) Korenevsky, V. A.; Sergeyev, N. M. 

12. 

13. 

14. 

All new compounds were fully characterized spectrally and by combustion analyses. 

Roush, W. R.; Gillis, H. R.; Ko, A. I. J. Am. Chem. Sot. 1982, lJI& 2269-2283. 

i;a)5S;;;;bach, 0. D.; Hughes, J. W.; Burdi, 0. F.; 
. (b) Bridges, A. J.; 

Forstat, R. M. Tetrahedron Lett. 1983, 24, 
Fischer, J. W. J. Chem. Sot., Perkin Trans. 1 1983, 23%- 

2364 Chem. Re(;) ;;;;de;; 9"; T t h d e ra e ron Lett. 1981, 22, 97-100. (d) Brieger, G.; Bennett, J. N. 
. (d) Krow, G. R.; Lee, Y. B.; Szczepanski, S. W.; Raghavachari, R.; 

Baker, A.-D. Tet!rahedroi Lett. 1985, 26, 2617-2618. 

15. About 2% of the exo epimer was present. Separation and structure assignments were secured by 
saponification and treatment with iodine. The endo isomer gave an iodo lactone (mp 89-9O'C) 
as expected by analogy to the behavior of endo-2-carboxy-5-norbornene. (Berson, J. A.; Ben- 
Efraim, 0. A. J. Am. Chem. Sot. 1959, 81, 4083-4087.) Alkene 5 and our iodo lactone are 
potential springboards to multifunctional-brexanes. 

16. 

17. 

18. 

19. 

Trost, B. M.; Tamara, Y. J. Am. Chem. Sot. 1977, 99, 3101-3113 and references cited there. 

(a) Evans, 0. A.; Carroll, G. L.; Truesdale, L. K. J. Or 
Evans, 0. A.; Truesdale, L. K. Tetrahedron Lett. 1973, 

(b) 4g2g_gigp. 1974, 3, 914-917. 

McKinney, M. A.; Patel, P. P. J. Org. Chem. 1973,2, 4059-4067, and references cited there. 

We thank Professor Yoshito Tobe for a copy of his 13C NMR spectrum. Curiously, our 14 has mp 
143-144°C whereas his reported mp is 47-49'C. Professor Tobe wrote to suggest that his solid 
and ours may differ in crystal form. In any case, there is no doubt about the structural 
identity of his ketone and ours. 

20. 

21. 

Grieco, P. A.; Gilman, S.; Nishizawa, M. J. Org. Chem. 1976, 41, 1485-1486. 

We cleaved alkene 13 directly in 67% yield to brexan-Z-one (9) with m-chloroperoxybenzoic 
acid. Precedents exist for this unusual type of oxidation. (a) Naffa, P.; Ourisson, G. 
Bull. Sot. Chim. Fr. 1954, 1115-1126. (b) Nayak, U. R.; Dev, S.. Tetrahedron 1963, 2, 2269- 
2280. 

22. (a) McMurray, J. E.; Coppolino, A. P. J. Or 6g_2g9.Chem. 1973, 2, 2821-2827. (b) Hermes, M. E.; 
Marsh, F. D. J. Org. Chem. 1972, 37, 29 

(Received in USA 21 June 1985) 


