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Abstract:

The importance of the supra-annular effect as a controlling factor in the determination of the exo/endo
product ratio of substituted 6,8-dioxabicyclo[3.2.1]octanes was studied through the use of competitive
kinetics and nuclear magnetic resonance spectroscopy. It was determined that the supra-annular effect
does not exist in the compounds studied and therefore cannot be used to control product
stereochemistry. The carbon NMR spectra of these ' bicyclic ketals were examined and the general
chemical shift regions of the ring carbons noted. The role of metal ion complexation in determining
exo/endo product ratios was also studied and shown to be of minor importance.

The double oxymercuration-demercuration of selected dienes was investigated for potential use in a
concurrent synthesis of brevicomin and the sex aggregating pheromone of Trypodendron lineeatum.
Model compounds were synthesized and studied, and progress was made toward the proposed
concurrent syntheses.
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ABSTRACT

The importance of the supra—annular effect as a controlling
factor in the determination of the exo/endo product ratio of
substituted 6,8-dioxabicyclol3.2.1loctanes was studied through the
use of competitive kinetics and nuclear magnetic resonance '
spectroscopy. It was detérmined that the supra—annular effect does
not exist in the compounds studied and therefore cannot be used to
control product sterecchemistry. The carbon NMR spectra of these -
bicyclic ketals were examined and the general chemical shift regions .
of the ring carbons noted. The role of metal ion complexation in
determining exo/endo product ratios was also studied and shown to be
of minor importance. '

The double oxymercuration—-demercuration of selected dienes was
investigated for potential use in a concurrent synthesis of
brevicomin and the sex aggregating pheromone of Trypodendron
lineatum. Model compounds were synthesized and studied, and
progress was made toward the proposed concurrent syntheses.




CHAPTER ONE

Introduction

The Western pine bark beetle, Dendroctonus brevicomis, has done
extensive damage to the coniferous forests of the western United
States. Infested trees begin to turn brown and will eventually lose
their needles and become dry, lifeless, standing snags. The large |
number of these dead trees fesulting from bark beetle infestation
poses a serious fire danger in western forests. This destruction of
valuable timber resources has prompted research into methods of
c&ntrolling bark beetle populations.

One such method of control involves the use of the beetle's own
sex aggregating pheromone. The female produces'a pheromone which
attracts male beetles and thereby'increases the likelihood of
mating. Control of beetle populations in small areas is possible by
using the aggregating pheromone to lure male beetles into insect
traps. A small region can be protected by distributing these traps
throughout the area and thus effectively reﬁoving most of the male
beetles. It is not feasible, however, to protect large areas of
férest by this methecd. Instead{ it has been proposed that the
pheromone be sprayed aerially over large areas. The ubiquitous
presence of the pheromone would severely reduce the chance of a male

beetle locating a female, and, again, no mating would occur. Large
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quantities of pheromone are required for this type of operation.
Seeing this need, synthetic chemists have studied the aggregating
pheromone for D. brevicomis, named brevicomin, and many syntheées
exist today. The synthesis of brevicomin is complicated by the fact
that while brevicomin can exist in several isomeric forms, only one
isomer is biologically active. A good synthesis will, therefore,
allow the chemist to control the various synthetic reactions which
determine the stereochemistfy of the product pheromoneé, We have
chosen to study two phenomena which might determine the extent of
stereoselectivity possible in two brevicomin syntheses originating
in our research group. These two phenomena are the supra—annular
effect and metal ion complexation. In addition to évaluating
control of stereoselectivity in existing syntheses, we have also
explored a new and novel synthesis of two bark beetle pheromones.
The proposed scheme will allow the concurrent synthesis:-of tﬁg sex
aggfegating pheromones for D, brevicomis and Trypodendron lineatum,
the Norway spruce bark beetle. A concurrent synthesis would allow
the chemist access to two different pheromones using the same |

reaction sequence and thereby facilitate the synthesis of the

pheromones and control of the bark beetles.




CHAPTER TWO

Historical Background

The 6,8-dioxabicyclol3.2.1]octane ring system (1), a common

structural component of sugars, is found in a wide variety of

compounds and metabolites.

Several compounds, 2-—4, containing this skeletal structure have been

isolated from tobaqco.l

R

2

- g%C:F43
0

'_g:P+(:F+3
OH

-ClCH3l,

OH
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A similar compound, (5), has been identified as a constitutent of

Japanese hop o0il isolated from Humuls lupuluszr and 6 has been shown

to occur during fatty acid metabolism in yeast.3

@/ C9H19I ;;‘
(CH,)sCO0Me
5 6

A variety of natural products containing this bicyclic ketal
structure and exhibiting signifiant biological activity have been
isolated as well. Compound 7, containing a modified bicyclic ketal
moiety,.has been isolated from Claviceps paspali? and is responsible
for a condition in cattle known as the "paspalum staggers". Cattle
which have eaten Paspalum dilatatum infected with C. paspali show

symptoms of anorexia, tremors, and hyperexcitability.




5
Palytoxin, (8), isolated from several Palthoa 59;5 is one of
the most potent toxins known to man and contains several bicyclic

ketal structural fragments.
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6
A group of insect sex attractants also contain the 6,8-
dioxabicyclo[3.2.,l]octa1_1e skeleton. The pheromone for the Western

pine bark beetle Dendroctonus brevicomis has been isolated, assigned

structure (9), and named brevicomin.® The aggregating phercmone for

O
9

the Eastern pine bark beetle, Dendroctonus frontalis named
fronta]_j_n7 (10) , and the phercmone for the European elm bark beetle,

Scolytus multistriatus, named multistriatin8 (11), have been

isolated and show considerable biocactivity while working in concert

with endogenous tree constituents.

B
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Compounds, such as brevicomin, containing the 6,8-
dioxabicyclol3.2.1]loctane skeleton and having substitution at C-7
are capable of existing in two isomeric forms, endo (9a) and exo
(9b) . Generally only one isomer is biologically active. Exo-
brevicomin is the only isomer which shows significant pheromone

activity.

Our research group has been interested in the synthesis of
brevicomin for some time. A good understanding of the mechanism of
sexual attraction and aggregation in these beetles and the
availability of a high yield stereospecific synthesis of the
aggregating pheromone might enable us to effectively control these
insect pests.

Exo-brevicomin is produced by the female D. brevicomis as she

constructs egg laying galleries in the bark of infested trees. The
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aggregating pheromone is detected by male beetles which fly upwind
in search of a female with which to mate.

It has been recognized for some time that artificial
manipulation of aggregating pheromones can be used as a means of
controlling insect pests. Small areas can be protected by baiting
insect traps with the aggregating pﬁeromone and distributing the
traps throughout the area to be protected. It is not feasible,
however, to protect large areas such as national forests'using this
procedure. An alternative procedure involves broadcasting the
pheromone over large areas by the use of airplanes. With the
aggregating pheromone evenly distributed over large areas, the males
would be unable to locate a female and the beetle population would
decline. ihis control strategy ?equires the synthesis of large
amounts of gxgrbrevicomin. Our goal, therefore, was to develop and
study stereoselective syntheses of brevicomin.

A non-stereoselective reaction sequence directed toward ketals
with exo/endo isomerslis dooméd to produce épproximately fifty per-
cent of an isomer with little or no biological activity, and in some
cases actually exhibiting anti-pheromone activity. It.seemed advan—
tageous,. tﬁerefore, to examine the current synthetic strategies

toward these types of natural products and attempt to explain and be
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able to control factors affecting the relative ratio of exo/endo
products.
Retrosynthetic analysis of brevicomin suggests two possible

synthetic strategies as pointed out by Mundy in a recent review

article? and shown in Figure 1.

e

[ 11

047' e OH
, OH

H

Figure 1. Retrosynthetic Analysis of Brevicomin

Brévicomin has been synthesized many times utilizing type "a"
syntheses (Table 1). Some of these are illustrated on the next few
pages (Figure 2). These procedures give a variety of exo/endo
ratios, with the biologically active exo-brevicomin generally
predominating. The Grigg synthesis is unique in that only the non-
biologically active endo-brevicommin is producaizl The Wasserman
and Kocienskil3 syntheses offer the flexibility of synthesizing

either exo-brevicomin or endo-brevicomin as the major product.




Table 1.

Type "a" Syntheses

Silverstein's Synthesis

Silverstein's Alternate Synthesis

Wasserman Synthesis

Improved Silverstein Synthesis

Kocienski Synthesis
Coke Synthesis

Meyer Synthesis
Weiler Synthesis
Bernardi Synthesis
Hoffman Synthesis
Fraser-Reid Synthesis
Shafer Synthesis

Grigg Synthesis

Type "b" Syntheses
Mundy Synthesis

Mundy Alternate Synthesis
Kossanji ‘Synthesis
‘Mundy-Bornmann Synthesis

Cohen Synthesis

Syntheses of Brevicomin

% Exo % Endo Ref.
100 0 10
100 0 10
90(9) 10(91) 11
95 5 12
100(0) 0(100) 13
90 10 14
100 0 15
100 0 16
60 40 17
100 0 18
100 0 i9
100 0 20
0 100 21

% Ex0 % Endo Ref.

9 91 22
64 36 22
100 0 23
50 50 24
43 | 57 25
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Figure 2. Some Route "a" Syntheses of Brevicomin
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Figure 2 (continued)
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Figure 2 (continued)
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Figure 2 (continued)
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Figure 2 (continued)
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Figure 2 (continued)
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Figure 2 (continued)
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Synthetic route "b" has also been explored by several research
groups (Table 1). A recent route "b" synthesis by Cohen (Figure 3)
utilizes a Diels—Alder reaction followed by metalation with

subsequent attack on propanal and c:yclization.25

o2t AR R A [EE‘:IL”
3 Worpd SoUY.

14

| ICHSCH,CHO.
0 | 12
Q

15

Figure 3. Cohen Synthesis of Brevicomin
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A type "b" synthesis of brevicomin utilizing singlet sensitization
has been reported by Kossanji and has the advantage of being the one
type "b" synthesis to produce only the exo isomer of brevicomin

(Figure 4) .23

)

Figure 4. Kossanji Synthesis

Mundy and Bornmann have shown that a route "b" synthesis can be

achieved with the use of phenyl selenyl chloride (Figure 5).24




20

[ )
7 N
A H
2 [;;; *__*—%3> I —_— :>
o o Molecular

" Sieves (MS)

CHI/@\/\
> ;
A

112SeCl
2ImC PBA

|

Figure 5. Bornmann Synthesis of Brevicomin
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Mundy has also shown that stirring (13) with p-toluene sulfonic

acid in the benzene will give brevicomin in an exo/endo ratio of

64/36 (Figure 6).

NaBH
| > ]

1 / O /\
16 3 OH

Figure 6. Alternate Mundy Synthesis of Brevicomin

In 1971, Mundy published a short synthesis of brevicomin®? in
which the oxymercuration-demercuration reaction sequence, developed
by Brown,26 was employed for the final cyclization (Figure 7). Ring
closure was induced by the formation of a mercurinium ion on the
vinyl ether followed by attack of the hydroxyl group, which acts as

an internal nucleophile.
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= A EtMgBr
g l = | =
CHO CHO

13 9

Figure 7. Mundy Synthesis of Brevicamin

The use of mercuric ions to promote ring closures is just one
of a variety of organic reactions possible with this reagent. We
were prompted, by its use in the Mundy synthesis of brevicomin,22 to
review ﬁhe literature concerning its use in organic synthesis and
further encouraged to attempt a novel concurrent synthesis of the
aggregating pheromones of D. brevicomis and Trypodendron lineatum,
the Norway spruce bark beetle, through the use of mercuric ions.

Mercury compounds have been used for reactions ranging through
dehydrogenations, isomerizations, cyclizations involving carbon-

carbon and carbon-heteroatom bond formation, and reactions involving

addition to olefinic double bonds.
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The addition of mercuric salts to olefins, followed by attack
of a nucleophile on the mercurinium ion (Figure 8) is commonly

called solvomercuration.

Figure 8. Mercurinium Ion

Hydration reactions using mercuric salts and water as the
nucleophile have been termed "oxymercuration" reactions. Much of
the pioneering work in this area has been done by H. C Brown,27 who
has shown that it is possible to hydrate carbon-carbon double bonds
of olefins and dienes selectively. The mercury ion is known to
attack from the less hindered side of the double bond, followed by
nucleophilic attack at the most highly substituted olefinic carbon
to yield the Markovnikov hydration product.

The carbon-mercury bond can then be reduced with a variety of
reducing agents. Brown has found that alkaline NaBH, is a

convenient and efficient method for this reduction.2’ This
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reduction is thought to proceed via a radical mechanism that results

in loss of stereochemistry at that carbon center..28
Nucleophiles other than water have been used, and these include

acetic acid, methanol, ethanol, hydrogen peroxide, and various

organic amines. Common mercury salts used are mercuric acetate,

nitrate, perchlorate, sulfate, trifluoroacetate, and mercuric

oxide.29

One early use of mercuric acetate is found in the field of
steroid chemistry in which a dehydrogenation wess accomplished by

Windaus (Equation 1).30

HglOAC),
.

HO HO

Equation 1
It is also possible to dehydrogenate systems containing

heteroatoms as shown by the following example (Equation 231
HQ(OAC)2 |
N il N
F+()/x(://l‘l2() ()

Equation 2



























































































































































































































































































































































































