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Abstract:

New approaches to natural products of theoretical and synthetic interest are presented. A methodology
for the cleavage of the 6,8-dioxabicyclo[3.2.1]octane skeletal system is explored by using acetyl iodide,
magnesium bromide, aluminum iodide, aluminum hydride and triethylsilane. It is found that the
fragmentation products reflect the configuration of the ketal isomer; endo-keta Is give cis-alkenes and
exo-keta Is give trans-alkenes. The fragmentation of the ketals gives products (dependent on condition.
The utility of this fragmentation methodology is demonstrated in the formal synthesis of si renin. Also,
a methodology involving vicinal dianions of 1,2-diesters is explored as a rapid entry into a highly
functionalized bicyclic diester. The utility of dienolate methodology in organic synthesis is seen in the
applications to the synthesis of valerane and synthetic approaches to maleimycin and hirsutene.
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ABSTRACT

New approaches to natural products of theoretical and
synthetic interest are presented. A methodology for the
cleavage of the 6,8-dioxabicyclo[3.2.1]octane skeletal system is
explored by using acetyl iodide, Wagnes1un1brom1de, aluminum
iodide, aluminum hydride and tr1ethyls1lane It is found that
the fragmentation products reflect the configuration of the
ketal isomer; endo-ketals give cis-alkenes and exo-ketals give
trans-alkenes. The fragmentation of the ketals gives products
dependent ‘on-condition. The utility of this fragmentation
methodology is demonstrated in the. formal synthesis of sirenin.
Also, a methodology 1nvolv1ng vicinal dianions of 1,2-diesters
is explored as a rapid entry into a highly" functlonallzed
bicyclic diester. The utility of dienolate methodology in
organic-synthesis is seen in the applications to the synthesis
of valerane and synthetic approaches to maleimycin and
hirsttene.

|




R$ $ $( |/ &(1 ":w# & >

' "% |/ $ $ %&9
( ($ $% #$" ( 1% (% &$
"% # > "% 99 " ( &% $# D %: !
( & " $ S (: & $ $#9

I " #S % & () &"#

KL/

%

* 4
Cl2" @ ((%I59F90J( =% % 1/
(" $($% ('# & $/ & " >
'$ & (MW " "l % K< $ )
)
)
< $p Cl2 @ )B9F90J( =%
$ & # ("ot " % # > ##3$ (
$% #$" ( =% % & $ $"$:" &$!

K< $ FLO



)
)+ FOA+ 5
5k FL7L 7 * A7 5
< $ P $% $"( : E % $($ $ $:"
&! E)9

# 8! &% > $ # $= %/

"$ ( $:(! % "/ "s($

FS 7 !" $: (!

#= > . K< $ 59 % & ( & 5

#$1 & 1 1 (%[ $( %

$#$"79 -%! 7 RO & $($
(:3% @ $:(! TK< $ 89 ' % $

(" S & # #

% % " &$! 1))#)T7 K< $ 39
% "%$ ($ & (: ( Kr:3%% (: L

= > (: " & &> 1%"$:"#3&!



3

materials. A recent examination of the constituents of civet6

resulted in the isolation of a minor component (2 mg from | kg)
whose constitution was determined by spectral6 and synthetic
. :

means’ to be 5 (Figure 6).

The Douglas fir tussock moth (Orgyia pseudotsugata) is a

pernicious defoliator of the fir trees of the Northwestern
United States. The active pheromone constituent has been
identified as (Z)-6-henéicosen-ll-oneg,(é), however, in field
tests the (E)-isomer has been found to have equivalent

bioactivityg. In a separate bioassay9

, others havehfound that a
60:40 (E)/(Z) mixture of 6 was considerably more active as a
pheromone than pure material isolated from female tussock moths.

This pheromone has been synthesized by our grdup (Figure 7)10.

The fire ant, Solenopsis saevissima, derives its name from
the painful effects of the venom delivered in its bite. Oflndre
practical interest is the known hemolytic, insecticidal and
antibiotic activity of the venom! !, There have been determined
to be a number of Iiéﬂi-z-nethyl;6—alkyl or alkyny piperidines

serving as constituents of the venom; Solenopsin A, (Z), (one of

these) was synthesized in our group (Figure 8)!0.

Natural Products Containing 5-Membered Rings

Via Propellanes

The natural propellane, modhephene 30, was isolated from
the rayless goldenrod and has been the target of several

innovative syntheses!? (Figure 9).
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CHAPTER 2
RESULTS AND DISCUSS ION

‘Ketal Chemistry

Fragmentation

Need for Mechénism

A Series of bicyclic ketal fragnentationé‘psing acetyl
iodide‘denmnstréted'a‘quite interesting relationship in which
the trans alkene was fhe ma jor product, just as the exo
"orientation prevailed in the ketal. A useful mechanistic
interpretation was generated from the observation that there
appeared to be a general trend that endo-ketals gave cis-alkenes
" and exo-ketals gave trans-alkenes. It has been an observation
that Grignard additions or hydride reductioﬁs used in the
synthesisuqf-Ihé'bicyclic ketals always resqlt in the
predominance of exo products. In the simplest, and most often

repeated experiment, the exo- to endo- ratio of 15 is 60:40.

Cieévage of this ketal with Nal/AcCl gave a 65:35.ratio of trans

to cis alkenes (Figure 1#4).

Although there are several possible ways to interpret these
results, we suggést that a mechanignlsinﬂlar to that used by
Goldsmith!8 for ether cleavage may find application (Figure 15).

This nechanisn1rationalizes the observations that exo-R

gives trans-R, and ende-R gives cis-R. Also, the same results

e
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21
lithium aluminum hydride and aluminum -chloride in anhydrous
ether solution. Brown's work on the hydrogenolysis of acetals
and ketals by mixtures of lithium aluminum hydride and aluminum
chloride in ether22 has indicated that, as in the case for the
hydrolysis of diokabicyclooctanes, the réte.controlling step of
the hydrogenolysis reaction is the cleavage of the Cs5-Og bond,
weakened by the association of its oxygen atom with the Lewis
acid. The association of Og. with alunﬁnunlresults }n the
hydriae attacking C5 from the opposite side of the complex
rather than the hindered side.

Another interesting result came from the cleavage of 56
with Et3SiH, which gave the expected cis alcohol 64 and
dehydrated product '62 Qith unidentified 63 as a 21:45:34
mixture, respectively. Also, the endo-bicyclic ketal, (52),
gave the expected cis alcohol, (égg), and déhydrated prqducts,
65a and 65b, as a 74:12:14 ratio, respec%ively.. In contrast to
the results of the cleavage reactions of 15, 56 and 52 with
Et3SiH, a more substituted and higher chained compound at. C;

gave more dehydrated proddct than alcohol. Again, this

.rnechaniSnmrequires that boron trifluoride associates with Og and

weaken the. C5-Of bond which is attacked by hydride from the
opposite side of the coﬁplex to give cis alcohol. Followed by
losing H,O and hydride attacking the carbonium ion by Syl which
géve 65a and 65b (Figure 26). The model of this compound

indicates the isopropyl group could not get free rotation, which

'gives the isomer.
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Dianion Chemistry

Dianion chemistry has been shown to. be é useful and
power ful method for ring annulation. The pioneering work of
Wiikening in our group paved the way for our interest in this
prograﬁu Our group is committed to the concept of developing
new apprpaches.to natural products using dianion protocols.

Based on the previous work, we wished to extend our

knowledge of the value and limitation of the procedure.

A New Approach to Valerane
The valerane skeleton is a unique and structurally
interesting sesquiterpene form. The parent compound is obtained

by the reduction of l-valeranone, (90). Valeranone, isolated from

Valeriana officinali327, is one of the few known nonisoprenoid

sesquiterpene ketones?®. ‘After a great deal of experimentation

by several groups of investigators, its structure and absolute
stereochemistry were finally established as shown in Figure
6129, 1t possesses an unusual carbon skeleton having two
angular methyl groups in a cis-fused decalin ring system. The
Cyy and Cy5 methyl groubs are a-oriented whereas the Cy
isopropyr group is pg-oriented. The correctness of the ﬁroposed
structure was substantiated by two different syntheses of d- and
1- valeranones30, In view of the flexible nature of the cis
decélin, valeranone could exist in at least two interchangeable
all-chair conformations such as the "steroid" cis conformation

or the "nonsteroid" cis conformation (Figure 42). Hartshorn>!
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