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An interest in synthetic approaches to certain naturally 

occurring hydroazulenes' prompted our exploration of new 

stereoselective routes to substituted bicyclo[5.3.0]decanes.2 

The conformational uncertainties inherent in such ring 

systems3 led us to consider schemes which employ rate- 

controlled reactions to construct the required derivatives. 

This rseport describes some progress toward this end along 

the general lines shown below.* 

*Public Health Service Fellow of the National Institute 
of General Medical Sciences, 1966-1967. 

2545 



2546 No.23 

Ethyl 2-oxo-l-(3-oxobutyl)cycloheptanecarboxylate (2), 

the adduct of ethyl 2-oxocycloheptanecarboxylate (1) and 

methyl vinyl ketone, smoothly afforded ethyl 7-methyl-lo- 

oxoblcyclo[4.3.l]dec-7-enecarboxylate (2) upon treatment 

with sulfuric acid at 0' for 1 hr.' The corresponding acid 

(2, m.2. 173-173.5'; 1it.e m.p. 174'), when reduced with 

lithium aluminum hydride in 1,2-dimethoxyethane, gave dlol> 

92$ yield, m.p. 95.5-96.0'; km?: 3.00 (OH), 9.20, 9.e2, 

9.94, 10.43, 11.55, and 12.30 ~11. This dial with 1.2 

equivalents of p-toluenesulfonyl chloride in pyridine for 

4e hr. yielded mainly toluenesulfonate 6, which was directly 

reduced by lithium aluminum hydride to alcohol 1 [ed yield, 

b.p. 53-55' (0.1 mm.); Aiitrn 2.90 (OH), 9.22, 9.59, lO.le, 

10.44, 10.92, 11.54, and 12.32 !.I] and diol _5 (2C$ yield). 

Models show that approach to the C-IO carbonyl grouping 

of keto acid ff. (or a carboxy-reduced derivative thereof) 

by the hydrldic reducing agent should be less hindered on 

the side of the three-carbon bridge and the stereochemistry 

of dial ii Is assigned accordingly. Ketone j [b.p. 45-55O 

(bath tenperature) at 0.1 mm.; If::" 5.e3 (CO), e.24, e.62, 

e.eo, g.ts4, 1o.oe, 10.60, lo.%, 11.43, 11.97, 12.1@, and 

12.44 111, obtained by treating alcohol 1 with chromic acid 

reagent,.' likewise afforded alcohol 1 in high yield upon 

reduction with lithium aluminum hydride. 
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Ketone 2 [b.p. 52-53' (bath temperature) at 0.1 mm.; 

A;;;" 5.1’7 (CO), 2.32, 8.90, 9.70, and 10.9X; h&h4 0.e 

(C-l Cfis:, and 0.94 ppm (C-7 CHs doublet, J = 8 cps)] 

was secured through hydrogenation of unsaturated ketone g 

over platinum In ethanol. Ketone 12 [b.p. 45-55’ (bath temper- - 

ature) at 0.1 mm.; iftim 5.f% (CO), e.93, 10.60, 10.90, and 

11.09 CI; $;i4 0.9e (C-l CHs), and 0.97 ppm (C-7 CH3 doublet, 

J = 6 cps)], an isomer of 2, was formed via hydrogenation of - 

unsaturated alcohol 1 over platinum in acetic acid followed 

by oxldazion of the resulting saturated alcohol g [b.p. 60- 

62"(0.1 mm.); xf;irn 2.91 (OH), 9.17, 9.71, 9.9e, 10.30, 10.6F, 

and 11.00; b ,!$i43.46 (H-10 doublet, J = 4.5 cps), 1.81 (OH), 

1.00 (C-t CHZ), and 0.93 ppm (C-7 CHs doublet, J = 5 cps)] 

with chromic acid reagent.' Each of the ketones _9 and 2 

contained about 2C$ of its respective C-7 epimer as judged by 

gas chromatography. 

As s?own above, unsaturated alcohol _7 and unsaturated ke- 

tone g both undergo stereoselective hydrogenations giving dl- 

hydro compounds of opposite C-7 configuration. We base these 

stereo~chomlcal assignments upon a competitive hydrogenation 

experiment In which a 1:l mlxtqe of the epimeric ketones _3 

and 12 was stirred with platinum in acetic acid under one at- 

mosphere of hydrogen for two hours. Under these conditions, 

ketone _I.2 was completely reduced to alcohol 2 whereas over 

96 of ketone 9, the more hindered of the two Isomers, was 

recovered unchanged. Ketone _9 gave alcohol 2 [b.p. 5F-60~ 
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at 0.1 mm.; I,,, f11m 2.Pe (OH), 9.32, 9.62, 9.74, 10.30, 

10.63, and 10.98 CI; 6gE4 3.68 (H-10 doublet, J = 5 cps), 

1.78 (OH), 1.02 (C-7 CHs doublet, J = 7 cps), and 1.01 

ppm,,(C-1 CHs)] upon reduction with sodium in alcohol.* 

Surprisingly, we obtained this same alcohol by treating 

ketone ,9 with ethereal lithium aluminum hydride.' Evi- 

dently the cycloheptane ring effectively hinders bottom- 

side approach* of hydridic reducing agents to the carbonyl 

grouping of ketones _9 and 2. The foregoing observations 

seem best reconciled by a twist-boat conformation for the 

cycloheptane rlng in ketones _9 and l2, and a twist-chair 

conformation3 in the corresponding alcohols. The stereo- 

selective hydrogenations of unsaturated ketone j and 

unsaturated alcoholZ can be similarly explained. 

The synthetic objectives of this study were realized 

through the solvolysis of methanesulfonates 11 and 2. The - 

former, upon treatment with acetic acid-sodium acetate at 

lie' for 3 hr., afforded a mixture of olefins In 96% yield 

with hydroazulene 15 [b.p. 100-120' (bath temperature) at 

16 mm.; xi;: 7.23, E?.63, 9.35, 9.62, 12.33, and 12.64 V; 

dccl TMS4 1.5e (C-2 CHs doublet, J = 1 cps), and 0.63 ppm (C-8 

CHs doublet, J = 7 cps)lcomprising &$ (g.c. analysis) of 

this mixture. Methanesulfonate 14 afforded the lsomeric - 

merit hydroazulene g [b.p. 100-120' (bath temperature) at+ 

16 mm.; ilfi;;" 7.24, F.63, 9'.30, 9.46, 10.95, 11.43, l2.il:‘ 

*Relative to the perspective formulas shown in the flow 
chart. NO con:ormational implications are intended for the 
cycloheptane ring in these drawings. 
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and 12.eO p; 6;:; 4 1.64 (C-2 CHs doublet. J = 1 cps), and 

1.02 ppm (C-S CHa doublet, J = 5 cps)] in comparable yield. 

Both isomers gave 1,4-dlmethylazulene (g)l" upon dehydro- 

genation with sulfur. The placement of the double bond in 

hydroazulenes A5 and a follows from the fact that neither 

showed vinyl hydrogen absorption in its nmr spectrum and both 

gave dlones upon ozonolysis which displayed peaks at 5.76 

(cyclo.pentanone CO) and 5.e4 P (aliphatic CO) In the Infrared 

and 2.04 ppm (CHsCO) in the nmr spectra. 

Under equilibrating conditions (Q-toluenesulfonic acid-- 

acetic acid at 118'), both 15 and x afforded the same mixture 

of hydrocarbons containing 15 (2$), g (2G$), and three as 

yet unidentified compounds X (yk), Y (2'2$), and Z (5%). Their 

gas chrornatographic retention times suggest that X, Y, and Z 

are isomers of 15 and g. These equilibration experiments 

clearly demonstrate that hydroazulenes 2 and g are formed 

under kinetic conditions. Furthermore, the equilibrium ratio 

of 15 tog (1:lO) lends support to their assigned stereochem- 

istry since sterlc interactions between c-6 and the C-8 methyl 

grouping should be more severe in the former vs. the latter - 

isomer. 

Acknowledgement--We thank the National Science Foundation 

for supporting this work through a Research Grant (GP-4174). 
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