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Optical rotatory dispersion (ORD) and circular dichroism (CD) have become valuable techni-
ques for the solution of stereochemical problems (2), especially in the chemistry of natural
products (3). 1In recent years the lactone chromophore has been studied to some extent in sat-
urated lactones (4,5) and endocyclic ,B-unsaturated lactones (6,7), but there have been no sys-
tematic studies of the ORD or CD of (,B-unsaturated-y-lactones with an exocyclic double bond. W
report here our preliminary results on the CD of sesquiterpenes containing the -methylene-y-
lactone element (I). These natural products occur most commonly in five different carbon skele-
tons, 1I-VI, illustrated below; the dotted lines indicate the possible positions of the lactone

ring closure.
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To determine whether ORD and CD could be applied to compounds of this type, we have under-
taken a systematic study of sesquiterpene lactones, measuring the sign of the lactone Cotton

effect (CE) from the CD curve of each compound. The table summarizes the results.

TABLE
CE Found'

Compound Structural Type Lactone CE Predicted by '"Rule" A(max)(mu) [8]
Neoambrosin (8) 111 cis,C-6 + 255 +320
Damsin (9) I11 cis,C-6 + 250 +496
Coronopilin (10) I11 cis,C-6 + 246 +1785
Deacetylconfertiflorin (11) III cis,C-6 + 250 +1620
Apoludin (12) 111 cis,C-6 + -1080%
Ambrosiol (13) 111 cis,C-6 + -1870%
Burrodin (12) III cis,C-8 - 254 -3400
Cumanin (14) II1 cis,C-8 - 256 -4360
Aromaticin (15) 111 trans,C-8 + +1900*
Paucin (16) II1 cis,C-8 - 255 -4320
Baileyin III (17) v trans(?),C-8 + 255 +1550
Xanthumin (18) v cis,C-8 - 256 -4730
Xanthinin (18) 1v trans,C-8 + 255 +3280
Isoxanthanol (18) v trans,C-8 + 255 +3340
Xanthanol (18) v trans,C-8 + 255 +3150
Dihydrobigelovin (19) I1I trans,C-8 + +274*
Costunolide (20) v trans,C-6 - 261 ~5460
Parthenolide (21) \ trans,C-6 - 250 -1400
Cumambrin B (22) 11 trans,C-6 - -2920%
Douglanine (23) Vi trans,C-6 - 250 -2780
Chamissonin diacetate (24) \ ? ? 248 ~3630
Ambrosin (25) 111 cis,C-6 + ?
Helenalin (26) 111 cis,C-8 - ?

*
Not a maximum, ellipticity taken at 255 my.

1'CD spectra taken in methanol, 1 cm cell.

The n->ﬂ* transition of the -methylene-y-lactone chromophore was observed in the range 246-
261 my.

The results indicate that a generalization can be made. Regardless of structural type, cis-
fused lactones closed at C-8 give negative Cotton effects; for trans-fused lactones at the same
position, the sign of the CE is positive. On the other hand, cis-fused lactones closed at C-6

show positive Cotton effects; C-6 trans-fused lactones show negative values. Of twenty
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sesquite}pene lactones studied, which showed clear Cotton effects for the lactone, only one ex-
ception to the generalization was observed. Apoludin and ambrosiol can be regarded as one
exception since they differ only in the position of a hydroxyl group. This deviation might be
explained by the presence in each compound of a 4a-hydroxyl group, close to the lactone chromo-
phore. Two other compounds, ambrosin and helenalin, both containing a cyclopentenone ring,

*
showed no clear CE for the n —» m transition of the lactone.

Sign of CE + - +
VII VILI IX

Structures VII-X 1illustrate the data and the conclusions. They also provide a rationali-
zation for the results obtained. VII and VIII are enantiomeric with respect to the asymmetry
immediately surrounding the cis lactone and should give Cotton effects of opposite sign. This is
observed. Likewise, IX and X are enantiomeric about the trans lactone and show opposite Cotton
effects, as expected. Thus, the sign of the CE for the n —» 7 transition of the a-methylene-
y-lactone chromophore is dependent only on the asymmetry at C-7 and C-6 or C-8, and not on the
structural type of the sesquiterpene lactone. This fact allows the rule formulated through
structures VII-X to be used generally in determining the stereochemistry of the lactone ring
fusion in sesquiterpene lactones of this type. Experiments to further test this rule are in pro-

gress.
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