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The possibility that, despite the lack of an asymmetric center, trans-cycloalkenes of medium ring 

size might be capable of existing in stable enantiomeric forms was suggested some years ago 3and quickly 

verified by Cope’s imaginative resolution of tmns-cyclooctene 4, cis, tmns-1,5-cyclooctadiene 5, and -- 

trans-cyclononene 6, The latter racemizes rapidly at go C, however, and trans-cyclodecene could not 

be resolved at all 6. It has been calculated 7 from variable temperature nmr studies that the barrier to 

rotation of the double bond through the saturated loop of tmns-cyclodecene is so low that the optical 

half-life of one enantiomer at 25O C would be lOA seconds. 

There is recurring and persuasive evidence *, however, particularly among the germacrane family of 

sesquiterpenes 9, that a second trans double bond at the 5, &position of trans-cyclodecene raises the con- 

formational inversion barrier substantially, suggesting that in some of these systems stable enantiomers 

might be isolable (Figure 1). We have sought to realize this possibility by resolving a germacrane deriva. 

tive devoid of asymmetric centers, and report here our preliminary success in achieving partial resolution 

of the sesquiterpene ketone, germacrone (i) lo. 

Figure 1. Enantiomeric trans, trans-1,5-cyclodecadienes. -- 

Germacrone, as isolated from Zdravets oil, is optically inactive “. Conventional attempk at reso- 

lution were unsuccessful, since the acid phthalate of germacrol (2) did not form crystalline salts with a 
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number of alkaloids, and fermenting yeast l2 did not reduce germacrone to alcohol (2). Reduction of 

germacrone with the LiAIH4 -quinine reagent 13, however, afforded germacrol ( a mixture of diastereomers, 

with both the asymmetric carbon and dissymmetric ring system as elements of asymmetry) with optical rota- 

tions ranging from + 9.9 to + 290 (CHCIB) in several runs. Incomplete oxidation with Cr03 in aqueous 

pyridine, taking advantage of different mtes of oxidation of the diostereomers of (2), returned crystalline 

germacrone with rotations of [al i 
25 

- 0.038O (c 21.2, CHCI,) to [al D - 1.4O (c 1.3, cyclohexane) in 

several experiments. 
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Higher rotations were achieved by kinetic resolution of (2) (the optically active mixture from LiAIH4- 

quinine reduction) with (+)-a-p~henylethylisocyonate. The sluggish reaction was allowed to proceed for 

eight days at room temperature, when TLC showed reaction to be roughly 50 y. complete, and the urethan 

(z), Cal: + 58O (c 5.7, EtOH), was separated from unreacted alcohol by preparative TLC. Reduction 

of the urethan with “Red-Al ” gave germacrol, [al “0” + 13.70 (~5.13, EtOH), which was then oxidized 

with Collins’ reagent to germacrone, which showed Cal f - 20. The unreacted germacrol, [al F + 31 .2O 

(c 4.32, EtOH), was separately oxidized to germacrone . Recrystallization from aqueous ethanol gave o 

first crop of needles, mp 56O, [al D 28 - 0.68O (c 12, EtOH), while from the mother liquors a second crop 

of crystalline germacrone was obtained with [al D 33 - 42.5O (c 9.07, EtOH), [a]~~, - 210° (c 0.28, EtOH). 

This is apparently one of the cases in which the racemate is less soluble thon either enantiomer, so that the 

mother liquors are enriched in the optically active form by recrystallization. 

An alternate method of partial resolution was separation of the mixture of diastereomeric I-menthoxy- 

acetates @), Cal f - 46O (c 4.3, CHCI,), derived from racemic (2), using gmdient elution chromatography 

on Merck silica gel G, beginning with hexane and ending with 1:l hexane-benzene. The first fractions 

of (9, CalD 25 - 112O (c 6.2, CHCI,), were reduced with LiAlH4 to germacrol of Cal ,, 25 - 590 (c 2.5, CHCI,), 

which then afforded germacrone , mp 52-530, Cal 
25 

+ 30° (c 0.45, dioxan) on oxidation with Sarett 

470 25 
reagent. The final fractions of menthoxyacetote, [al D - 20° (c 3.5, CHCI,), subjected to the same 

sequence of reduction ond oxidation, gave germacrone, mp 53-54O, [al E - 2.670 (c 1.8, CHCI,). 

While these initial experiments have not yielded germacrone of high optical purity, the obtention of 

pure recrystallized samples with appreciable optical rotation, both dextro- and levorotatory, from several 
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different experimental approaches, demonstrates unambiguously that the molecule is dissymmetric. Solid 

samples have been kept for months at room temperature without loss of optical activity, in contrast to the 

report l4 that inversion of the ten-membered ring is rapid on the NMR time scale at room temperature. A 

referee has suggested that the rotations of the ring double bonds may be rapid and that the dissymmetry 

resides instead in the twisted isopropylidene moiety. There is no doubt that this element contributes appre- 

ciably to the barrier to enantiomer interconversion, and it seems likely that both factors are necessary for 

the observed optical stability’5. 

The ORD and CD spectra of (-) germacrone reveal a negative Cotton effect at about 310 nm, but in the 

absence of suitable models there does not seem to be any way to relate this to the absolute configuration. 

The work of Takeda ‘* I Wharton” I and others has shown that the Cope rearrangement of 1,5-cyclodeca- 

dienes is stereospecific, in that the configuration of the rearrangement product is a function of the diene 

conformation. If optically active germacrone could be rearranged to pyrogermacrone (2) at temperatures 

below those causing racemization, the absolute configuration of the product 2o could be used to deduce 

the absolute configuration of the chiral ring system in germacrone. Unfortunately, our experiments have so 

far not given clearcut results. In four runs, pyrolysis of optically active germacrone at 115-125’ for l-7 

days has afforded optically active products, but the difficulty of cleanly separating (2) from unrearranged 

(1) on this scale, along with the low optical rotations, has made it difficult to determine with certainty 

whether the pyrogermacrone is optically active. 
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