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ABSTRACT

3

v
PhD Thomas Chaly Chemistry

\

’ \

SYNTHES'TIS OF PHENOLIC NATURAL PRODUCTS
\

- . ‘ N

A new method for the acetalization‘qf carbonyl compounds

usf%g chlorotsimethylsilane under mild conditions is \
described. Carbonyl ;ompounaé‘are acetalized Sy ethylene
glycol with chlqrotrimethylsilane.y
Two iéomer}c methyl olivetolates were synthesised by\;ée
- condensation of l,3-bis(trimethylsiloxy)-l—methoxybutadiene\
with the' corresponding electrophilic components. }Eis \

reaction has clearly indicated the discriminative behaviour

v -
st

of l,B—BHs(trimethylsiloxy)-;—methoxybutadiene towards -

[3

different elgctrophiLib sites thus leading to regio-
selectivity. . \ (

A new method for the synthesis of olivetol is described.:
This method provides a shorter route to olivetol from acyclic
precursors. - : u N

- A new §ynthesis of al-tetrahydrocannabinol is described;\

The synthesis is patterned éftef biogenetic considerations.

A new method for the synthesis of poly p-carbonyl

©

compounds using dikjtene and enol silyl ethers is described. .

°
)

The possibility of synthesising gossypol by the cydlo-

aromatization procedure was investigated.

a¥ >,
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RESUME ' . B :
| . * ‘
PhD . K Thomas Chaly . Chimie
’gYNTHESE DE PRODUITS NATURELS PHENOLIQUES /
i | | R
"+ Nous décrivons ici une nouvelle méthode d'acétallisation
d,e composé s Nca;fbonyles, sous conditions douces, qui utilise le
triméthylchlorosilane. Les composés carbonyles sont | \ '
acétallisés par\ 1'éthyléne glycol avec du trimethyl\chloro- N
silane. ' | N )

K3

‘Deux olivetolates de méthyle isoméres ont été synthétisés \

par condensation du bis(trimethylsiloxy)-1,3 methoxy-1

butadiéne avec les composés électrophiles correspondant.

Cette réaction a clairement mis en évidence le comportement

.

discriminatif du bis(trimethylsiloxy)-1,3 methoxy-1 butadiéne

envers les différents sites électrophiles, conduisant ainsi a

la régiosélectivité. :

@

Nous décrivons par la suite une nouvelle méthode de
synthése de l'olivetol. Cette méthode fournit une route plus

courte pour l'olivetol & partir de précurseurs acycliques.

1

Une nouvelle synthése du A st

\

. . . \
decrite. . \ '

-t trahydrocannabinol e

. D
Nous décrivons aussi une nouvelle méthode pour la \

’ Yo\ Y

synthése de composés poly B carbonyiés utilisant le dicéténe

-
et des éthers-énoliques sililés. S ) \

, \
Enfin la possibilité de synthétiser le gossipol par une \

k!

procédure_de cycloaromatisation a été examinée. BN

¢ - !
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I. INTRODUCTION

A. KINDS OF PHENOLIC COMPOUNDS

Naturally occurring phenolic compounds were studied
efﬁensively in the early stages of natural product chemistry
because of their significant uses in industry and also because
of their medicinal importance. These complex phenolic

comopounds are’ widely distributed in nature from micro-

-

organisms to higher plants and animals. Flayono;ps, terpenes,

¢
coumarins, tannis, etc., are some of the common,élasses of

plant phenolics™.

The division into groués of plant phenolics is based on
23
strictural ground and upon information gained subsequently
from the study'of biosynthetic phfhwayf. A classification of
"

these plant phenolics based on their carbon skeleton was put
forward by Harborne and Simmonds2 in 1964. All the phenolic
compounds were found to have a basic aromatic nucleus with

side chain of 3, 4 or 5 carbon units or another ring. Thus

the key structure in this classification of the first group is

the Ce*Cy skeleton. A typical example of this class of

st

compound is the coumarin (1).



¢ The flavonoids comprise the largest single family of
oxygen ring phenolic natural compounds. They are known as
’ plant pigments. All these flavonoids contain a basic skeleton

of C.-C

6°C3°Cg unit. The flavones apigenin (2) and luteolin (3)

In
w

v

are widely distributed in angiosperms. The ph®oroglucinol

/7 J
)

5 rings of the flavonols, quercetin (4) (produced from buck-

NN

Ty
SAR

7

XL wheats) and cyanidin (5) (from red-cabbage4)'arise from the
acetate units in their biosynthesis. The 3,4-dihydroxy-

cinnamic acid moieties are believed to be originating from the




shikimic acid pathway leading to the phenylpfopane~type

ot

compounds. Phenolic compounds of the benzoquinone,
naphthaquinone and anthragquinone t}pes are also found in
nature. Among these, ‘the anthraquinones are the most numerous
and most widely distributed in higher plants and fungi.

Emodin.é_is a well-known example of this class of compound.

These naturally occurring phenolic compounds are believed to
- be of polykeiide origin5 and are often structurally
distinguishable by the presence of substituents in the two
benzenoid rings of the anthraguinone nuclei. '
Tetracyclines and antﬁracycline# are émong a group of

closely related naturally occurring phenolic compounds with a
conside?able amount of therapeutic value as antibacterial and
anticancer agents. Many naturally occurring tetracyclines
have been isolated. Oxytetracycline (7) is an example of this

'//tiasss. The anthracycline antibiotics daupomycin (8) aqd

r

' ,////// andriamycin (9) are importaﬁt antitumor dnugs7’8. Chalcones
// . - - . . )

&
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H .
are also naturally occurring phenolic compounds having the

fu,,

géneral structure C6-C33C6. Phloridizin (lg) is an example of

~ dihydrochalcones.

Even though l-?-dihydroxybenzenes are less common in nature,
the 2,4-dihydrox§benzoic acids are,well known. Orsellinic
acid (11) is the most important of thém all. The acid (12)
corresponding t? 5-n~-pentylresorcinol (olivetol) (13), is
prenylated in Cannabis Sativa and with modification yields

the cannabinoid group of natural phenolic compounds.

¢

o

. 3
lk\\'w__
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The m-hydroxypfnzene system arises from polyketide cyclization
and‘is quite common in nature. Phenolic compounds of this kind
are frequently found incorporated into terpenoid residues and
guch compounds have heen termed meroterpenoidsg, and occur’

with great structural varietyz; In the simplest forﬁh:such

$

units comprise acyclic prenyl substituents as in 14 and 15.

OH




"

~ ;he gharacteristic feature of plant phenols deriQed from
shikimic acid pathwaylo i; the pattern of hydroxyl group
present in the aromatic ringé. Almgst invariably a single
phenolic hydroxyl group, if present, is loc;ted ortho ér para
to the carbon substituent. Thus, p;coumaric acid (16) is a,

.common plant phenol. Several naturally occurring phenolic

glycésides have been isolated. There are two types of

OOH

d

glycosiées, namely, O-gl&cosides and C-glycosides, found in
nature. Even though the principal form of combination of
phenols and sugars is that of O-glycosides (e.g. 17 énd 18),
several C-glycosides have been identified. Of these, vitexin
(19) is probably Lhe best knownll example. Plant stillbenes
are a relatively'small group of natural plant phenols found
throughout thy plant kingdom®from algae to coniferslg. The

pentahydroxystillbene (20) was isolated from "vouacoupa

macropetala”.
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B. BIOSYNTHESIS OF PHENOLIC COMPOUNDS

Naturally occurring phenolic compounds are believed to be

formedﬁby two important biosynthetic pathways, namely the

shikimic acid and the polyketidelB-ls. The formation of

aromatic compounds from carbohydrates via the shikimic acid
pathway was demonstrated by Davis16 by studying the bio-

<’
synthesis of aromatic amino acids in certain microorganisms.

The occurrence of the shikimate pathway in higher plants was

first confirmed by Brown and Neish17. In the shikimate

18

pathway  , the initial step is the condensation of phosphoenol

pyruvate (21) and erythrose)4—phosphoric acid (22). Even

though the intimate mechaniSm of the various s£;§§\are not

wholly understood, the enzymes participating in the reactions

have been studied well'®. The formation of the shikimic aci&}\\lg\

(23) by this pathway is given in\Scheﬁé I.1

~.

The second most important pathway- by which poly
.

functional aromatic compounds are synthesized in nature is the

~

.

acetate-polyketide pathHway exemplified by Scheme-.I.2, The
v RN f

NN

formation of aromatic nuc¢leus in nature from acetate ﬁni?fwas
first proposed by Collie20 on the basis ofbhis observatioq'

that diacetyl acetone (24) would cyéliZe under strongly bas}h\ N
conditions to orcinol (25) and under milder conditions to the
naphthol 26 a;\}ﬁj§cheme I.3. Since then, a number of people

have investigated this topic with a great deal of
21-25

-~

interest . 3-Hydroxy phthalic acid (27) is’ an example of

~ B
N /'

AN

- ~
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. OOH -
pyruvylshikimate-
phosphate synthase
- H, d
- _0 0—C—COOH .
NN HO— P—OH
o I H
§ ™ 0
N
\ b
i\
3
chlorisxpate
synthetase
< ~
~ @HZ ~
! N
0—C—COOH A
chlorismate anthranilate

mutase synthase

HOO H,COCOOH

prephenate
dehydrogenase l

prepi'lena te

dehydratase TIRYPTOPHAN

) ' @—cm— C—COOH P -Hydroxyphenyl pyruvate
1transaminase - ) ' 1

o

H—,—T(}H—COOH HO—@—?H__CQQH
/' N H2 ' NH 2 -

phenyl alan:{né . tyrosine

, / .
/ o
I3

/

Scheme I.1 (cont'd)
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.14

“gtrict conformity to the acetate theory. Gaténbeck and

‘\
. , 13

simpie-phenolic compound derived from a polyketide. ‘Thex
osynthe515 of compound 27 was studled by Gatenbeck2§ usin&.

C- 1abe111ng, based on the l4c-dlstr1butlon in 3-hydroxy-

thallc acld, 1solated from pen1c1111um islandicum, - grown on
L’v"" - *©
3 14COONa. The 3-hydroxyphtha11c ac1d was lsolated and its

C-distribution according to the radiocactive pattern showed a



¥

A “"f
o

H, -
OOH OOH
—_— —
H %
®»7 .,HO
- OOH o OOH -
- ——9
H H |
i J
Scheme I.4

27

Mosbach later studied the bioéynthesis of orsellinic acid
18

(28)

»

18

using O-labelling. O-Labelled sodium aeetate.was

- ~

<

“ o
T

administéred to the, culture medium of the orsellinic acid

ﬁréducina fungus chaetomium cochliodes pall. The'lsovconteﬁt

in the carboxyl g¥oup and in_the hydroxy droups:‘of orsellinic

N -

acid was determined. A high degree of- incorporation was
18 ,

found, with the O-content of the carboxyl group half that of

¢



th

15

each hydroxy group. These results confirm the. postulated
““direct condensation of the activated tetraketide 29 as an

intermediate in the biosynthesis of orsellinic acid.

»H e

OOH OOH

Scheme I.5

The oxygenation pattern in scytalone (31) shows a

pentaketide origin as in 30. This was .confirmed by the

¥
y labelling tebﬁniqueze’29 13

using “°C as the labelling isotope.
In the 13C nmr spectrum of scytalone produced in the presence
of sodiuﬁ [l-lBC]—acetate the signals due to Cys C34 C4u Cg

and C8 are enhanced to about twice the natural intensity thus

confirming the pentaketide origin.

&

Ty 7
YA e
7 L
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3C]‘r and

Incorporation studies using [1-13C]—, [2-1
[1,2-13C]—acetate have shown that the biosynthesis of
- .
multicolic acid (32) in pencillium multicolor involves the

intermediate formation of 6-n-pentylresorcylic: acid (34) which

HOO

SEnzyme

——-——é

t

Scheme I.6
..

Biosynthesis of griseofulvin (35) was investigated by;

15,31,32

several groups and. from all these studies, the
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!
« \

formation of griseofulvin from acetate unit wéslfinally

33

supported. In 1976 Sato was able to demonstrate the

-~

formation of griseofulvin from acetate units with the help of

13

3¢ nmr using [1-13C]-. [2—13C]—, and [1,2- C2]-aceta£e as’

tracers. The biosynthetic pathway is depicted in Scheme I.7.
{

i

13 13 .
+ CH, —COO0 > ———rp

¥

A
Me
—_—
H
35
.
Scheme I.7
«.«91

‘Incorporation studies were done with singly and doubly

! o

labe lled [13C]—acetate using a high producing strain of
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- ‘\~
penicillium patulum. A clear preferential incorporation of\

label into the acetate starter unit confirmed that

griseofulvin is formed from a single heptaketide chain34.

Sclerin (36) is a physiologically active metabolite of
Sclerotinia Sclerotiorium. 'Its biosynthesis was investigated

35’36. These studies support the formation

by several groups
of sclerin by the condensation of two separate polyacetate

chains without prior cyclization as shown in Scheme I.8. This

C :
i €‘/8\/coon H
M M
__.__)a Q-—b—’
. "M
MCOOH
M _ Me

I3

13

was reinvestigated in 197737 using H “COONa and [1-13C]-

sodium acetate, [2—13C]—malonate and [1,2—13CT=sodium acetate.

Based on the 13C-13C coupling in the 13

C nmr, it was sﬁggested
that an alternative pathway in which two separate polyacetyl
chains condense to form a ring once (either by a or b) and the
head part of one of the two chains may be lost perhaés by

oxidation during the biosynthetic process (Scheme I.8) is more

Iikely.

'



Scheme I.8 -

s

The pattern of radioactivity in aloenin (37) after
administration of [1—13c]-—acetate, [2-14‘?{2]-§nalonate or
[mei‘:hyl—mc]—t:nethionine to aloe arborescens has been
aetermined and the results are consistent with the expected

biosynthetic route 38,39 .

oSEnzyme .
) —p —— ,
H H
37
Scheme 1.9

\- -

- -

19
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13,_13

Analysis of the .~C coupling pattern of secalonic

acid (_3:§_) produced by cultures of pyrenochaeta terrestris
supplemented with [lBCJ-acet‘ate, is consistent with the
formation of the tetrahydroxanthone moiety, via ring cleavage
of an anthragquinonoid precursor to give a benzophenone

intermediate (Scheme 1.10)40. Incorporation of [13C]—acetate
Py

. ’ . 0SEnzyme
CH,~—COONa , ——> —

CH;
H
—_ > —
H H,
chooc M

J Scheme I1.10

into cercosporin (39) by cultures cercospora kikuchii i

indicates its biosynthesis via oxidative coupling of\ two

\



21

heptaketide units, the methoxyl and methylenedioxy carbons

be°ing derived from the C.-pool (Scheme I.11)41. These are a

1

Fg

CH,COONa —m>

Scheme I.11 ) A

few examples of the many biosynthetic schemes reported in the
literature. The idea that some of the phenolic tompounds are
biologically constituted by the acetate and polyketide is well

supported by the experimental evidences.

o



22

c. SYNTHESIS OF PHENOLIC COMPOUNDS

L]

There are several methods ava@.lablg for the synthesis of
phenolic compounds. The pL:rpose of this section is to presént
a few examples from the literature. Examples will also beﬂ
given to demonstrate the synthesis of polyfunctional phenolic
compounds, which may be useful for the construction of some
natural phefiolic compounds. In general thé synthesis of
phenolic compounds depends on some aromatic precursors as the
starting unit: An example is the synthesis of phenol itself
from benzenesulfonic acid (Scheme I.12). Alkyl phenyl ethers
when heated undergo Claisen rearrangement to form substituted

;phenols“-“"4 (Scheme 1.13). Aryl lithium when subjected

3 H e
@ N 0 H- . o
—_— \

o:

-~

Scheme I.12

—CH,—CH=CH, H
. H,—CH=CH,

—_—

. %
—CH,—CH=CH,

__é;__9

Scheme I.1l3



" to oxidation, gives a mixture of products which include

phenol45 (Scheme I.14). The Bayer-Villiger reaction of

v

Li

AL O
b, —3 oOLi > -
0, )

o

o
.

)

1\ ) Hzo .
' 2 OLi —— ) H. .

“ )

Scheme I.14

-

arom@®tic carbonyl compounds is a good method for pfeparing
"phenols46. Thu,& treatment of ‘p—methoxybenzol;henone with
" peracetic acid gives benzoic acid and p—methoxyphenc;l
(Scheme I.15). Substituted phenols are also prepared by the
benzoyl oxidation with benzoyl peroxide (Scheme I.16)47.

Oxidation of aromatic aldehydes by Dakin reaction48 using

[

@—ﬁ——@—om —_> @—coon
) _
HO——@—OMe

Scheme I.15



‘ H
- ——>
H CO®
coe .

Scheme I.16 ¢

alkaline hydrogen peroxide leads via rearrangement to the
formyl esters of phenols. Thus salicylaldehyde was converted

to the corresponding phenol as shown in Scheme I.17.

H
HOH A

o)
R ._3_2_5.9 .
“OH .
H H
]
CHO | H
—_—
H H -

Scheme I.17 .

«?



Hydroxylation of aromatic compounds with hypofluorous acid
was reported by Evan et al.‘Ir9 in 1977. Thus benzene was

"hydroxylated as given in Scheme I.18. , )

o . OH .
N +Ho.—r—-——+ S

H

Scheme I.18.

e

irected metalation of aromatic tertiary amides is a
recently “developed synthetic approach for the preparation of

polysubsti&gd aromatic compoundsso. Ortho lithiation

followed Dby elec {ophilic substitution .is generally used. A

N
general synthetic séﬁe is depicted in Scheme I.l951.

/

N

-

N/
I~ :
Z ) ’ ‘ . z -+
@ RLI Cﬁ; E
T i |

Z = (iONR2 /CONHB /NHCOR Etc.

Scheme 1. i9

25
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( A metal-halogen exchange sequence developed Dby l:arhaxil,,
Bradsher and co-workers (‘Scheme I.20)52 provides a synthetic
equivalent of o;tholithiated benzamide and was found to be

" _useful for the preparation Sf polysubstituted aromatic

" compounds bearing reactive functional groups.

[l
&

OOH . OOLi ~ 00H : 3
: i + E {
" RL - 1E 1
—> —_— :
) 2 H¥ A
! .
Scheme I.20 R 3

4

With this general introduction, we can discuss -some ST
4 - -

examples of the total synthesis of phenolic natural p@'odﬁéts.
. ’ N - .

An elegant synthes}s of dl-griseofulvia (40) was achieved by

Stork and 'FoQasz53 in 1962 by reacting 7-chloro-4,6-dimethoxy
. N

coumaranone with. _methoxyethynylpropenyl ketone in the presence -~
. s

e

of potasgsium terti&ty butoxide (Scheme I.21) by a‘double
Michael reaction. Of the reactions discussed so far the

synthesis of phenolic compounds depends cj?g}pletel;; on an

aromaticé precursor. It is clear that phenols with certain

e
o



)
N
~J

o

. ' N . " - «
- | + CH~0—C=C—C—C=C —CH, —>

. ) . H
| | |

"

\,\
, |
f 4 cheme 1.21 }
Ll N | :
§ g - - W —,
4 ’ ! ] }: . ’ T -
B i i %
] 3 (24 !
co :
E T substitytion patterns are not amenable to ithe methods
; - e —
. . déscribg‘d so far. Several a ernative strlategies have been
. o L . ) .
devised! for construc,ta.’{ga aromatic rings with appropriate
. ) g q .
. Do 4 - ;
: -, - hydroxyl ups from nonf—benzenoid precursors. The two common
s ’ i ) s ) . i
\ f 3 ' 4, ; .
/methodéj available for the construction of six-membered rings
’ R - ] ; < ‘1]
a - - £ . o i - . . .
- . are the Robinson-annelation and the Dlels-l%lder reaction. In
ﬂ - L3 — -
:, . 4 . . . .
the Robinson-annelation™’, the reglochemlst&ry is essentially
. B controlled by -the dlrectilon of polarization! within each R
j ° H N U— <« . C 'l o .
; - - . - . . . p
. ’ fragment, represented schematically in Schete I.22.
; L E ST ‘. )
J . . i ' “ . o
. ) . \
y B ;¢ . I( j \|
1. ' - [‘ i - |
! e a * i : 14
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5'Robinsc‘>r\\\—annelation‘had been used for the synthesis of natural

products 'like steroids and several: new annelation methods

are designed for\{:hié purpose. . An example is depicted in »
. .
Scheme I.23. The Diels-Alder

i )

&

reaction has been extensively’

|
1
. | :
IR :
!

BASE

Lo LN

——

Scheme I.22.
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<«

used by organic chemists for the.construction of poly-
rel

substituted six-membered ring compéunds. A typical example of
the Diels-~Alder reaction leading to a phenolic compound is

given in Scheme 1.24%3, ' ) . '

OOMe fOOMe OOMe
OO0Me
o ——
. Rearrangement
l- OOMe
) OMe ‘OOMG Me v
H
. MeQO OOMe
\\
\\ OOMe

\\ ’ OMe
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" Diels-Alder reactions using siloxy-substituted 1,3-dienes

has been of interest recently because of the fact that siloxy

butadienes can easily be made and they provide high regio-
selectivity. Thege dienes are extensively used for the
preparation of polyfunctionaiized ring systems by the Diels-
Alder reaction. Danishefsky56 has synthesized a number of
compounds uéing O-qi;ylated dienes. A typical.example which

demonstrates this methodology is exemplified in Scheme I.25.

™S
T™MSCI MeOOC—C=C—C OOMe
__9 >
Zn cl, \ V- '
Me N

OOMe n* H OOMe
———p
O0OMe OOMe
Scheme I.25 L

-~

1-(Trimethylsiloxy)-butadiene (ﬁ;f'and ethyl propynoate give

only the orthoadduct 5357 (Scheme I.26). Application of this
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LI .

‘fOOEt SiEt, SiEty

c EtOOC

N+ f—

(o]

| f

H x| 42 ‘

Scheme I.26

t

methodology to the synthesis of natural products like
lasiodiplodin (ig)s8 has been reported by Danishefsky. A brief
synthetic scheme is given in Scheme I.27. A similar
methodology was adopted by Brassard and Savard59 fo; the
synthesis of naturally occurring quinones. The process is
exemplified in Scheme 1.28 for the synthesis of chrysophanol
(46) by the regiospecific reaction between the vinylketene °
acetal (44) and 3~chlorojuglone (45). The same approach was
aﬁplied to the syﬁéhesis of é:effimycin 50 by Gesson and
Jacquesy60 in 1983 (Scheme I.29) from 47 and 48 through the

3

intermediate 49. .

In this laboratory, Qg have been interested in the use of
bis~enol silyl ethers for the preparation of highly
\
substituted phenolic compounds by a cycloaromatization

process61. This will be discussed later in a separate section

-

in this thesis. ca
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D. BIOMIMETIC TYPE SYNTHESIS'
. v
The term "biomimetic synthesis" has been chosen to
dq;cribe an organic synthesis designed in such a way that it
follows, at least in its major aspects, the biosynthetic

pathways. The success of these types of syntheses aepends

upon how ong can utilize reactions and conditions that



. -

parailel the biosynthesis, but at the same time utilizing
reagents andvcondipions that are different from the living
systems, sq that the chemist can capitalize on the advantages

offered by’ organic synéhesls.
/

’

It has been established that many of the natural phenolic

compounds arise in nature from acetate through the polyketide

‘62-64

“pathway . Considerable research has been done to mimic

such synthesis of phenolic compounds in the 1aboratory65.

.

During the ast decade a number of reports have appeared in
the literature on the conversion of protected and unprotected
poly-f-ketones and poly-f-keto acids to phenolic compounds.

These results have indicated that cyclization and

)

aromatization of the poly-ﬁ-carbdnyl compounds can be
duplicated in the laboratory to some extent. Collie's62

research "has laid the foundation in this respect (Scheme I.3).
s

This work was later extended by Birch66 through the synthesis

of dihydropinosylvin (51) according to Scheme I.30. There was

|2

Scheme I:30

Jo 35

I



1

a renewed interest in this field of cyclization due to the

fe

availability of poly-f-carbonyl compounds. Aldol condensation
e .
and cyclization of the poly-g-keto acid 52 occurs in aqueous or

alcoholic solution over a pH range from weakly basic to
strongly basic conditions. On acidification, the cyclized
intermediate undergoes dehydration to form the resorcyclic acid

. §367 (Scheme 1.31). Another interesting reaction is the

cyclization of the methyl ester of: 3,5,7-trioxoheptanoic acid
54 in weakly basic condition567. The reaction proceeds through

aldol cyclization and déhydration to the phenolic compound 55

(Scheme I.32). When strong basic conditions were used for

H
D —————
@ H H®
2 H
52 53
] . ’ o/
, o/
? Scheme I.31

the cyclization, benzoyl phloroglucinollég was the main product’

resulting from the Claisen condensation (Scheme I.33). The

led - ;
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‘competition between the aldol and the Claisen cyclization is a

drawback in this kind of cyclizatlon-aromatization reaction.
Metal ions were used for the control of regioéhemistry, but
the result was not promisingss. Moreover, with increasing
chain lengths, the number of possible cyclization products are

also increasing rapidly. 1In order to avoid these problems,

different strategies have been adopted. A derivative of

-

tetra-g-polyketone in the form of en%mine was used for the .

synthesis of resorcinols69 as exemplified in Scheme %.34.

[ -
W
NHzi_ 4 NH: ) H

Scheme I.34

v

( -
The same group has synthesized in good yield the resorcinol 58

using the enamine 57 (Scheme I.35). These two .reactions show



39

H
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NH, H H
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Scheme 1.35

some ‘directional influence due to the enamine group. This has
not been explored completely for the synthesis of polycycliq
systems. Use of the lactone 59 as a tricarbonyl unit is
noteworthy. Reaction of the lactone 59 with the dianions of
ethyl acetoacetate gave the intermediate 60 which cyclized
'specifically to 61 as in Scheme I.36. It was oﬁserved that

Claisen cleavage occurred under conditions required to open

t actone ring system. This places a limit on the °

H "59—

2 o

81

Scheme I1.36



:applicability of the pyrone approach to the synthesis of
polycyclic phenols.“ ’ / ’ .
Many of the polyket%de naphthalene and anthracene
compounds arise by a reaé£ion sequence in which.the initial

aldol attack must occur at the internal carbonyl group. A
biomimetic type synthesis of the naphthalene 66 was Eeported
by Harris70. The doubly protected hexaketone 62 with
diisopropylamine gave the expected resorcinol 63. The
resulting phenolic group was protected as its acetyl —
derivative 64. Treatment of 64 with acid gave the triketone
intermediate 65 which underwent aldol cyclization immediately

to give the naphthalene 66 as depicted in Scheme I.37. 1In the

-

~
) — H
) b LPQNH
___..___9 e
H
62 63
Ac [ AC =]
H +
—_.) —9
Ac Ac ,
84 65
Ac OH
Ac

Scheme I.37



lase 6f terminally protected heptaketone, the preferred site’

f.cyclization is the 4-keto group and therefore terminal

rotectlon has only very 11m1ted value for the synthesxs of
< -« 1

X
Qnthracene derlvatlves. N\

‘t’ A different strategy was adopted by Harris and his

Jo—workers7l by way of protecting the middle keto group as

s\dhn .in Scheme I.38 for the synthesis of modln (67). The

S~
~

chemlstry of triketo acids, and‘estgrs and also higher homologs

S—

has attracted considerable attention as weli 2 ~—_The

» cyclization and aromatization of such triketo esters and\its~-\\‘
higher homologs to resorcinols and naphthols mimic their
formation in nature. A typical example of preparing such
triketo esters and its cy;lization to phenolic commpounds by
Hill and Harris73 is dép;cted in Scheme I.39.

Even though there are still limitations to the gynthesis
of naturally ocurring phenolic compounds through this
polyanion chemistry, it has taken a step closer to the natural

; ‘

biogenetic path. The future task is to try to attain more

control over the direction of cyclization and in the

v
1

preparation of poly-B-carbonyl compounds. ‘

Recently, Brownbridge74 in this laboratorf\develOPed the
use of enol silyl ethers as the equivalent of enolate anions.
With the bis—enol silyl ether (68), it can be considered as

the dianion.equivalent of acetoacetate. The coAfound 68
b3

undergoes cyclo-aromatization with a number of 1,3-dicarbonyl

equivalents to give phenolic compounds.
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-~ Scheme I1.39

In a typical procedure, methyl 4,6-dimé{hyl salicylate
(70) was synthesized by condensing l,3—bis(trimé%hyfsiloxy)-
l-methdxybuta-1, 3-diene (68) with 69 in the bresence of

titanium tetrachloride as depicted in Scheme I.40. The

(” H

: L:1: , 0OMe
E e >
\ .
,/QS M -
70
Me” "Nji\ﬂwe .
68
Scheme I1.40



i : control of regiochemistry of this condensation reaction is
described elsewhere in this thesis. The use of this
methodology for the synthesis of natural phenolic compounds
is demonstrated byhthe synthesis of sclerin (36)75 in

%\‘ SCheme I . 41 .

TMS OMe CH,C OCH)3
o TMS Ticl

Mel
LDA
!
H
NaOH ’ Me
e
Me
36

Scheme I.41
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0 \‘\\\Ii. A BIOMIMETIC SYNTHESIS OF A}~TETRAHYDROCANNABINOL
"~ -

A\

.

A. INTRODUCTION

‘e

Cannabinoids are a é}oup of phenolic compounds isolated _
from a plant called cannabis sativa. The flowering top of
the female plant is covered with glandular hairs which secrete
a resin. ' The cannabis resin is known as "hashish" in the
Middle East and Europe, ‘'charas' in India and marihuana in
North America. Herbal cannabis is prepared simply by
collecting the flowering tops and allowing theﬁ to dry.
Cannabis resin is made by separating the superficial hairs
which contain the active resin froé the rest of the plant.
This is done by cooling dried plant material and coarsely
pbwdering and sifting. The finest powders are rich in resin
hairs a;d can be compréssed readily into a hard, pale
brownish-green mass.

Even though cannabis resin éonstitutes a number of

closely related compounds, Al-tetrahydrocannabinol(a1-THC)

(72) is now recognized as being responsibie for the majority
)

4
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of the psychotomimetic activity of 'marihuana'?G. &he active
principle occurs, in both fresh plant and dried or prepared
material with a group of related meroterpenes. The three main
cannabinoids present in cannabis, preparations are A’-THCf
cannabinol OBN (73) and cannabidiol CBD (74). Altogether,

approximately 35 different cannabinoids have been identified,

in cannabis.

I3
N

As illicit drugs, hashish and the other cannabis aré y
used in different parts of the world. Apart from the bad
publicity that these drugs have acquired for the past century,
there is a positive side that has bqen discovered in'the p;st
years. The resin has been used in fmedicine and also as
“psychotomimetic drug since the ancient_times77. A Chinese
treatise; about 200 years old, has recorded the use of

78

cannabis as an anaesthetic in surgery .

.
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, v
The biomedical aspect of cannabis was investigated by
different groups and several reviews have been\published79-81.

In various animals, A1-THC and other synthetic\THCs show .
predominantly central nervous system (CNS) depression-and
ataxia, which lasts from seweral hours to days, depending.on
the dose administered. ﬁashish and its active components
have been used for glaucoma and as an‘éntinaugeant in patijents
undergoing cancer chemotherapygz. In the case of glaﬁcoma
whefe patients tend to become refractory to the drugyin use,
the addition of a new class of drug which presumably acts by a
novel mechanism is of great interest. Preliminary studies in
man have already given some indication of analgesic potential
for A1-THC83.

Various analogs of A1-THC have been prepared and

investigated for their medicinal uses. A carbocyclic analog

(75) originally synthesised by Roger Adams®® in the 1940s,
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shows hypotensive effectsasiat doses where no CNS effects
occur. This wili open up a fruitful area for cardiovascular
drugs. Preliminary studies have indicated the use of nabilone

76, another analog of al-THC as a tranquilizing agentea.

B. BIOGENESIS OF CANNABINOIDS

Since Todd suggested the idea®’ that the cannabinoids
are originating in the plants frqm a condensation of. a terpene
derivative with olivetol, mQFy people have investigated the
biggenesis of cannabinoids. Cannabinoids occur in plangs in
both the free and carboxylic acid forms. Fetterman and
co-worker588 have shown that the acid form decarboxyiates
quantitatively when gas chromatographed. Even though the
carnabinoic acid is inactive, it has been found to be
converted to the active component by decarboxylation either in
the plant by enzymes or outside due to heat. Therefore we

1

have a reason to believe that the A -tetrahydrocannabinoic

acid is an intermediate during the Viogenesis of A1-THC. The
‘7,

S~
.

\
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~—
- .
assumed biogenesis of al-THC is depicted in Scheme II.189.
This biogenetic pathway is actually a summary of the various
investigations done so far. Recent advances in the
elucidation of the biogenesis of terpenes and steroids and the
isolation of numer;us new cannabinoids have made possible the
pgesentation of Todd'§ scheme in modern terms. The presence
éf cannabinol and cannabinoic acid in hashish, one derived
from olivetol and the other from olivetol carboxylic acid
poses a problem in biogénesis. With the information available
so far, it is hard to decide whether cannabigerol and
cannabigerolic acid are formed independently or whether the
olivetolic acid chain is the 6nly one and the other compounds
are formed by decprboxylation inlphe plant. The latter idea
is supported by the fact that olivetolic acid was isolated

during the biosynthetic studies of terpenoids. No conclusive

,experimental evidence has been obtained so far in this field.

C. SOME OF THE PREVIQUS SYNTHESES OF A‘-THCﬁ
The first total synthesis of al-tHC (72) was repﬁgz;;:ﬂ
by Meehoulam and Gaoni90 in 1965 as depicted in Scheme II.2.
In this synthesis, the cyclization step involves a trans:cis
isomerization of double bond, wﬁichdformally does not
participate in the reaction. It is possible that the geranyl

derivative 78 isomerizes through internal return to the

derivative 79 which undergoes cyclization. The olivetol part
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was synthesized from 3, 5-dihydroxy benzoic acid by many steps.
‘The overall yield obtained in this synthesis was 2%.
Another synthesis of A1—THC was reported by Mochoulam

et a]..91 in 1967. In this synthesis they used verbenol (81)

as the terpene part. This synthesis was planned on the basis

that the attack by the resorcinol will be favoured from the

{

Scheme II.3
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side opposite to the bulky dimethylmethylene bridge in °
verbenol and will thus pro&ide stereochemical control 6f the
reaction to give mainly trans products. The synthetic scheme
is depicted in Scheme II.3. o

The second method, even though better in yield, still has
some difficulties in isolating the intermediates and the final
product. Even though this method is designed to give
stereocontrol, it lacks the regioselectivity in the first step
thereby giving several products.

Petrzilka 93_3&,92 reported the synthesis of A1—THC using \
(+)-cis- or trans-p-mentha-2,8-diene-1-ol (82) which was ldter
modified by Razdan93 and co~-workers. They were able to \
isolate the a1-THC in 31% yield. The main difficulties were X;
associated with the separation of the various‘isomers. Since
the aromatic ring of olivetol  has 3 sites for/ electrophilic
substitution it was difficult to control the/ reaction in its
regioselectivity. The reaction is depicted;in Scheme II.4.

In all the syntheses deécribed so far, they have in
common as the critical step the condensation pf a monoterpene
with olivetol (13) which is generally synthesizeé from an
aromatic precursor such as 3,5-dihydroxybenzoic acid. (83).

94-96

Olivetol has been synthesized by several groups and a

synthesis by Corey in 1967 is an example of such an approach
(Scheme II.5). In a similar approach, Krishnamurty and Prasad97

have described two new methods fQr the synthesis of olivetol

in 1975. The reaction scheme is depicted in Scheme 1I.6.
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-CYCLOAROMATIZATION REACTION ?

<

The problem of making benzenoid compounds from acyclic

“éstablished 'method. . Recently a novel cycloaromatization

K / reaction involving the condensation of two three~carbon units, - --

B 4
»

one with two nucleophilic sites and the other containing two

” .
o / €lectrophilic sites was reported from our laboratory as in
‘|~ s
4 / equation _1_74. The regiochemistry in the reaction depends on -

5> 5
S

6’

- M , - a
\ i ’ ' , .
o 14 1 c:- )
. Z o,

the differential reactivities of the eleétrqphile and the
nucleopbhile. The nucleophilic unit used in this case was 1,3- . =
bis-(trimethylsiloxy)-l-methoxy-buta-1,3-diefie (68), a dianion

. equivalent (84) of methyl acetoacetate. This reaction is of
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.
~ “ ‘

particular importance, since the acetoacetate unit is the

-

fundamental building block in the biogenesis of many natural

!i

. NOTMS <= Me

products. Condensation of 68 with various equivalgnts ofe g~
dicarbonfl compounds i the presence of titanium tetrachloride
gave substituted methyl saliéylates. The regiochemistry is
controlled By the order of reactivity of the electrophilic
sites, which is conjugate position of enone > ketone > mono-

thioacetal, acetal, etc. Essentiaily the construction ‘of :
‘six-membered rings by this method is different from the
classical methods such as Diels-Alder reaction or Robinson
annelation which consists of the union of two fragments, one
with two carbon atoms and the other with four carbons.

(-4
Moreover the regiochemistry in these reactions is essentially

controlled by the direction of polarization within each

fragment. This new methodology provides a novel way of making

phenolic compounds and will have some advantage for the

synthesis of naturally occurring phenolic compounds.

At

ALY
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E. THE PROPOSED SYNTHESIS OF Al—TETRAHYDRQCANNABINOL

In this thesis, we wish to propose an alternative
_synthesis of AliTHC based on the cycloaromatization reaction.
‘The basic strategy adopted for the synthesis of Al-THC
includes the condensation of methyl olivetolate (§§) with an
optically active;ggnoterpene, para-mentha-2,8-diene-1-ol (82),

as shown in SchemeII.7. The methyl olivetolate part can be

Scheme II.7

synthesised by the cycloaromatization process described
earlier. A retro synthesis of methyl olivetolate is described
in Scheme II.8. There is an advantage in using methyl
olivetolate instead of olivetol as shown in Scheme II.7. Iﬁ}
the final condensation process, the three reaction sites in ,
olivetol are reduced to two sites in the caif of methyl

olivetolate. This may enhance the regioselectivity of the

condensation reaction.

LS
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III. RESULTS AND DISCUSSION

A.  NUCLEOPHILIC COMPONENT

Preparation of 1,3-bis-(trimethylsiloxy)-l-methoxybutadiene
l,3—bis(Trimethylsiloxy)-1—methox§but$diene (68), the
dinucleophilic component required for the cycloaromatization
reaction was synthesised by a two-step procedure as shown*iﬁ'
Scheme III.174. Direct silylation of the dianion of methyl
acetoacetate was not carried out because of competitive

C-silylationge. The monosilylated compound (87) was prepared

®

‘ Me Zn Clz o Me
86 8z

TMSCI '
. LDA
TMSCI \
0

TMS Me -78C

TM§ <'J

Scheme III.1l

by a procedure developed by Danishefskygg, in which the silyl

—

group was introduced in basic media using zinc chloride as a
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catalyst. Cogpound 87 waé distilled at reduced pressﬁ" and
was reasonably stable at 4°C under anhydrous condition:%\\\\
Compound 87 was then converted to the bis-enol-silyl ether 68
by a procedure developed in our 1aboratofy74. Compound 68 was
_found to rearrange with heat and was therefore usually not

purified by distillation. Compound 68 was of reasonable

purity and can be used as such for the next step.

1 \

B. PREPARATION OF THE\EQECTROPHILIC COMPONENTS

The electrophilic component consists of carbonyl
equivalents Qith different reéctivity at the 3 carbon unit
sites. In order to make the regioisomers of methyl .
olivetolate, two different electrophilic components were

required.-

Preparation of methyl 3-oxo-octonoate (88)

The dianion of methyl acetocacetate was prepared by a

procedure developed by Weilerloo. The dianion was then

condensed with n-bromocbutane in THF. The required methyl
3-oxo-octanocate (88) was obtained in 68% isolated yield. This
reaction is depicted in Scheme III.2. The compound was
identical in all respects to‘that reported in the

‘ 100, 101

literature . Conversion of the keto ester §§ to the

&
corresponding methyl 3,3-dimethoxyoctanocate (89) by the usual
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~ | .
literature procedure of refluxing with dry methanol, tri-
methylortﬁoformate and para-toluenesulfonic acid (PTSA) as

shown in Scheme III.3 The acetal was isolated in 78% yield.

MeOH

C |
/\M e —>
. Y Me  H-C(OMe),

g i Scheme III.3

B
T——
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The crude reaction mixture contained some of the elimination
: ¥ '
product 90 which we were able to separate by column

1

chromatography. - In its anmr, compound 90 shows the vinf ic

proton at 8§ 4.96 and the vinylic-OMe proton at § 5.66 compared
to the acetal proton iA.compound 89 agﬂé 3.20. 'In the lH nmr
of compound 89, the expected upfield shift of the methylehe
protons at the C-2 position was observed (6 2.67) compa&ed to
that of the keto ester 88 (6 3.40). The singlet at' § 3.67 is
assigned to the methyl protons of the ester aﬂd the singlet at
6 3.20 was assigned to the ketal protons. The multiplet

between & 0.96~1.83 1is assigned to the n-pentyl protons. In
' 1

C. KETALIZATION

~ "Acetalization of aldehydes and ketones is very commonly

used in organic synthesis. Many methods are available in the

literature for this purposelgz'IOB. For the synthesis of

7/

the ir spectrum, 89 showed a carbopyl absorption at 1750 cm~ v

e

-
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olivetol, we required an ethylene ketal as one of the starting
materials. The acetal was prepared by a new procedure

deve loped by‘us. The new procédure can be carried out under
mildgé cbndizions utilizing readily available chemicals.
Ke?énes are converted to the corresponding 1, 3-dioxolanes by
rﬂéction with a small excess of ethylene glycol in the presence
o% t;imethylchlorosilane. In essence, trimethylchlorosilane

) .
wag used as the condensing agent for the acetalization

read¢tion. A general scheme is depicted here (Scheme I1II.4).

0
R)I\R' + 07 " 4 oomMscl ——m>

(

R R' + Me3SiOSiMe3 + 2HC1

Scheme III.4

Ty
Using this methodology methyl acetoacetate was converted to the
corresponding 1,3-dioxolane 91 in 90% yield. The reaction is

represented in Scheme III.S.

1~
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In a similar way, methyl 3-oxo-octanoate (88) was

converted to the corresponding dioxolane derivative 92 in 88%
/

yield (Scheme II1.6). 1In the 4 nmr of compound 92 the singlet
/

/

- I

\

. E§H
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at § 3.63 is assigned to the ester methyl protons and the
singlet :t & 3.93 is assigned to the ethylene ketal protons.
The methylene protons at the 3 position appear at & 2.60.
The mechanism of the formatfgn o; the ketal is believed to
involve some kind of complexation or bonding between the ‘
carbonyl oxygen and chlorotrimethylsilane. “A plausible

mechanism is depicted in Scheme III.7. This reaction has been

(’ SiMe,—~Cl . __SiMe,

— ; : ~
RO T S
' ~

Scheme III.7?

104,105

extensively investigated later by Brook of our

laboratory. The salient features of the reaction are

-

summarized below. .



- (1)

(2)

(3)

68

For normal non-activated aldehydes and’ketones,
acetal formaéion can only occur with ethyle;e
glfcol but not with methanol or ethanol.

The acetalization with ethylene glycol can Se
carried out in methanol as solvent. This is useful
in cases where solubility may pose a problem in t£e
conventional procedure.

For activated carbonyl compounds such as 1,2-
dicarbonyl compounds or a, a-dichloroketones, » o
acetalization with methanol can ‘also be achieved.

Thus diacetyl is selectively converted to the mono

acetal under these conditions (Schemé III.8).

- Me Me

Scheme III.8

~

°
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D. REGIOCONTROLLED SYNTHESIS OF METHYL OLIVETOLATES

(1) Synthesis of methyl 2,6-dihydroxy~4-pentylbenzoate

The condensation of methyl 3,3-dimethoxyoctanocate (gg)
with the bis enol silyl ether 68 to give the aromatic product

was carried out in the following manner. The acetal 89 was

mixed with the bis enol silyl ether 68 in dry methylene

chloride. On addition of titanium tetrachloride and overnight

stirring at room temperature, formation of the methyl
olivetolage/f93) was real®sed in 72% yield. The reaction was
P =2

e

\
mbniteféd by GLC. The synthetic route is represented in

Scheme III.9. The methyl olivetolate thus obtained was

OTMS OMe ) - “
T™MS TiCl,
—_—t

+ ;
CHCI,
MeQ_ OMe r.t
Me '
H
O0OMe
727

Scheme III.9 !
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purified by column cﬁfomatogfaphy. The resulting product Qas

a white crystalline solid with a mp 29-30°C.

" 1

In the "H nmr, the singlet at § 4.03 is assigned to the

:/ﬂ

methyl ester protons (-O—g§3%J The multiplet at the high -~
field is assigned to the n-pentyl protons. Since the aromatic
proto;s are equivalent, they appear as a singieﬁ‘at 5 6.27.
Similarly the phenolic protons are also equivalent. Since the
phenolic protons are hydrogen bonded to the adjacent carbbnyl
group, the position of the peak is shifted downfield at

d 9.30. Its infrared spectrum contained a carbonyl band at

N

1675 cm--l and a characteristic hydrogen b;nded rhenolic band

1

at 3460 cm . These data,-coupled with t ss spectrum

m/z 238 (M+), indicated that the aromatic compound 93 had

4

been formed. Further proof for this structure was obtained by

conversion of gg'to olivetol (12).

1

A plausible mechanism of the formation of methyl
olivetolate is schematically represented in Scheme III.1Q,.

The methyl-olivetolate was hydrolysed and decarbbxylgted/in
/ X ./'

one step with sodium hydroxide in methanol and water to give

el

olivetol as shown in Scheme III.ll. The compound obtained was

ajlight brown solid with a mp of 41-42°C (literature mp

42—44°C)94’97. The compound was identical in all respects

with the spectral data of olivetol reported in the literature.

This constitutes a new and convenient synthesis of olivetol.
However, for the synthesis of A'-~tetryahydrocannabihoate in the

b
proposed scheme, compound 93 is of the wrong regiochemistry.

°
/
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/ H
OOCH,
NaOH J CHJOH > ) -
Jﬂozlk "

93 \ 13

\
Scheme I@I.ll ;
!‘\

\
\

A

\ .

\

The regiochemistry of the cycloaﬁpmatization reaction must be

reversed to get the correct isomer of methyl olivetolate 96.
B :

This was realised-in the following manner.

First of all the ethylene ketal (92) -was hydrolysed using
— |

. - \ . {
sodium hydroxide in methanol and water. The product isolated
i

was the exfected acid 94 in 69% yield. The yield;depended
- |

N
~upon the acijification of the crude reaction mixture. The

reaction mixture had to be sufficiently acidic to get the
maximum yield ‘without hydrolyzing the ketal. The optimum pH

was 3. The reaction is represeﬁied in Scheme III.12. The

, Scheme III.1l2
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acid obtained was ideatified on the basis of épectral data.
The disappearance of the methyl protons and tﬁe appe;rance of
the acid proton was easily noticeable. The acid 94 was found
to decompose gradually at room temperature.

The acid 94 thus obtained was converted to the acid
chloride 95 by heating the acid in dry benzene and oxalyl
chloride. The product obtained was almost pure and the yield
was nearly quantitative. The reaction is depiéted in - _
Scheme III.13. In the proton nmr, the‘product\Was—easily

recognisable due to the disappearance of the acid protoﬁ and

the downfield shift of the methylene proton (§ 3.17). The

/\/\MB O XALYL CHLORIDE
H '  BENZENE

94 A
//N\\//\\:§><;w/IL\C| ~
| 95

Scheme III.13

“



acid chloride was found to be ve-ry unstable. Henée it had to
be prepared and used immediately for the next condex;xsation
reaction with'ghe bis enol silyl ether. By converting the
ethylene keta(/l[ 92 to the acid chloride 95, we have changed the
relative electrophilicity of the two carbonyl functions (the
acid chloride being more electrophilic than the ketal).
Removal of any trace of oxalyl chloride completely from the
acid chloride was essential for the sucéess of the
condensation reaction with the bis enol silyl ether. This was

3
achieved by high vacuum evaporation of -the crude acid chloride

(1-2 h). ‘ ‘

(2) Synthesils of methyl 2,4-doihydroxy—6-2entyl-
: -

1

benzoatg (96)

The condensation of 95 with 68 to give the aromatic
product was carried out in the following manner. The acid
chloride was dissolved in dry methylene chloride upder
nitrogen followed by the addition of the bis enol silyl ether.
On addition of titanium tetrachloride and stirring for 48 h at
room temperature, formation of the olivetolate 96 was
realised in 55% yield. The progress of the reaction was
monitered by GLC. The methyl olivetolate (96) was isolated
from the crude reactionh mixture by column chromatography. The
product obtained was a white solid with m.p. 65-68°C. The

reaction is represented in Scheme III.14. In the proton nmr

the singlet at § 11.58 is assigned to the phenolic proton
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TMS TiCly 0OMe
CHZCI2
k/fl\lé;;%://\\v/’“\\ 55/ "

Schemé I111.14

adjacent to the carbomethoxy group. The downfield shift of
this phenolic.protoﬁ is quite as expected due to hyd;ogen
bonding. The non-hydrogen-bonded pheﬂolic proton at the 4
position is assigned to the peak at & 5.78-6.05. The
multiplet at 6.13-6.33 is‘éésigned to the. two non-equivalent
aromatic protons. The infrared spectrum was quite
characteristic. It contained a carbonfl band at 1660 cmml and
the phenolic bands at 3600 and 3400 cm-- (broad) The mass
spectrum of compound gg gave the molecular‘;on at m/z =

238 (Mf) and the fragmentation pattern was ag‘m/z = 207
(M¥-oMe), 206 (207-H) and 182 (206-CO). A plausible mechanism
is given in Scheme III.1l5. The methyl olivetolate 2§'wa§
hydrolyzed and decarboxylated in one step with sodium .
hydroxide in\methanol and water to give olivetol 13

(Scheme III.l6). The.compound was\iQentical in all respects

with the spectral data of olivetol reported in the



*(

CH,

Scheme IiI .15
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literature94'97. It is appropriate at this stage to mention
that none of the methyl olivetolates were contaminated by the
other isomer during their synthesis. In short, the
regioselectivity was achieved with complete control.

The methyl olivetolate (96) thus prepared has the desired
characteristics to undergo condensation with the terpene 7
component with one advar{tage by reducing the reaction sites from
three to two by the incorporation of the ester group. Since
hydrolysis and decarboxylation of the ester group can be
achieved easily after the reaction with the terpene, the

id

presence of the ester group is really advantageous for this

synthesis.
N .
W
OOCH, Na OH
CHOH
H H,O0
96 ¢ 13

*

Scheme III.1l6
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E. SYNTHESIS OF METHYL-- TETRAHYDROCANNABINOLATE

Condensation of 36 with an equivalent of (+)-trans-p-

106 was carried out under strictly

107,108

mentha-2,8-diene-1-ol

controlled conditions as described below.

A mixture of the olivetolate 96 and the monoterper;e §_2_
was stirred with methylene chloride under nitrogen. After.the
addition of anhydrous magnesium sulfate (vacuum dried), the
mixture was stirred for another 20 min. After cooling the
reaction mixture in an ice bath, freshly distilled borontri-
fluoride etherate (distilled from calcium hyd;:ide) was added.
The reaction mixture was stirred at 0°C for 1?5 h and
anhydrous sodium bicarbonate was added. Stirring continued N
until the brown colour faded, and the reaction mixture was
filtered and evaporated to give a colourles;; gum. The crude
product was purified with flash column chromatography on
gsilica gel. The major component igolated was ldentified as

1--methyl-‘-tetrahydrocannabinoate (27) in 55%

(=)-trans-A
isolated yield. A small amount of the AG—isomer (98) was also
det?cted in the proton nmr of the crude product, but was not °
isolated from the columﬁ. The ;:'est of‘thé matéerial was a dark
tar which also could not be isolated from the column. The
reaction is as depicted in Scheme IIT.17. {In the lH nmr, the
singlets at § 1.09 and § 1.43 are assigned“to the geminal
methyl protons. The singlet at 6 1.68 is assigned to the

vinylic methyl protons. The ester methyl proton is assigned

to the singlet at § 3.91. The singlet at § 6.21 is assigned

~
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BF,Et, O ‘

»

Scheme III.1l7
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to the only aromatic proton in this molecule. The wvinylic
proton appears at § 6.39 as a broad singlet. The sihglet at)
8 12.32-is assigned to the phenolic proton and the downfield'
s‘hift of this proton was Iquite as expectea due to intra-

molecular hydrogen bonding with the adjacent carbonyl group.

Only one kind of vinylic proton was found in the lH nmr

. supporting the existence of only one form of the isomeric

metohyl—A1—tetrahydrocannabinoate. In the mass spectrum’of
compound 97 there \;Jas the molecttlar ion at m/z = 372 (MT) and
a peak at m/z. = 340 which indicate the loss of MeOH. The
infrared spectrum of the product contained sharp bands at 1650

and 3400 cm”l. Optical rotation measurement observed for this

compound is [a]D = -188.4° (0.16 CHC13). Further proof for

this structure was obtained by conversion of compound 97 to

i

{
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A mechanism of the formation of A“-tetréhydro-

cannabinoate is given in Scheme III.18.

- BF,

III.18
| s

N

80
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F. ~ PREPARATION OF A1—THC FROM METHYL A1-TETRAHYDRO-

CANNABINOLATE

The hydrolysis and decarboxylation of methyl rY-tetra- |
hydrocannabinoate (927) to A1-THC was achieved in a one pot
reaction using sodium hydroxide in nlethanol and water.
Compound 97 was refluxed with sodium hydroxide in, methanol and
"water for 5 h. The reaction mixture was cooled ax!d the
product was extracted with ether. The crude product was
purified by flash column chromatographylog. Thé
decarboxylation proceeded easily because c;f the presence of
the orthophenolic group. The compound isolated was identified
reaction is repregented in

as (-)—A1—tetrahydrocannabi:(l (72) in 78% yield. The

cheme III.19. The spectral data

H NaOH
QOCH, CHOH

HO A

;o . Scheme III.19



of the compound 72 were identical in all respects to that
reported in the literature. 1In the proton nmr spectrum, the
geminal methyl prétons appear as two separate singlets

(5 1.09, & 1.40). The singlet at & 1.68 is assigned to the
vinyl methyl protons. The broad doublet at 6 3.21 (J =

9.1 Hz) is assigned to the proton Hy. "I’he large splitting in
this signal is attributed to the trans-diaxial couplihg to HB.
The broadening of HA might have been caused by thelunresolved
split£ing originate from coupling to the adjacent wvinyl H and

to both C, methylene and C9 methyl protonsllo. The phenolic.

8
proton was shifted upfield (&6 4.71) due to the absence of any
intramolecular hydrogen bonding. In the FT-IR spectrum the
band at 3634 is assigned to the phenolic group. The mass

“v

spectrum of compound 72 gave the molecular ion at m/z 314 (MT). ,

Optical rotation measurement observed for this compound is

[a]D = -170° (C 0.04 CHC13) compared to the literature value
of [al, = -174° reported for an authentic sample in
chloroformlll.

With this we have completed the biomimetic syn}:hesis of
A‘—tetrahydrocannabinol. Several features of the present
synthe‘sis are of interest. Condensation of 68 with 89 or 22
represe:nts a controlled condensation of a tetra-g-carbonyl

R
unit in a biomimetic way and can be regarded as a general way

to construct natural products with resorcinol "skeleton.

Secondly, in the condensation of the methyl olivetolate (21)

with 82, we observed chromenylation only at the carbon ortho

/

vy
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to the two~hydroxy groups. This is diff\iarent from the
\

reaction of olivetol where chromenylation\\ also occurs at the
carbon between the OH and the alkyl side éhain. Thus we
believe that the present biomimetic synthe\sis provides a
convenient and efficient synthesis of ar1-THC and possibly its

analogs. ‘ ) :
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A. INTRODUCTION

84

\

IV. AN APPROACH TO THE SYNTHESIS OF GOSSYPOL

Gossypol (98), a polyphenolic binaphthyl compound, is a
yellow pigment that is produced by certain species of cotton
plants. It was first isolated from the seed and root bark of °

the cotton plants by Marchlewski who derived its name £from

?

"gossyp(uim phen})ol" to indicate its origin. QThis compound-

has some renewed interest because of the reports from the

'ngple's Republic of China concerning, its efficacy as almale'a

antifertility agentllz. Large scale clinical trials in China °

indicate that the drug is safe, effective, inexpensive and

4

reversible in its effects.
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The compound is interesting biochemioglly because it is a
5 .

non-steroidal drug that worké byf;nhibiting sperm proévction

. !
in male animals and humans. Thus it is different in %%s
» ‘

biological activity 'from the steroid-based oral s

'¢ontgaceptives. It may offer a new direction in, birth control.

Gossypol is known #o have toxic effects in both animals
and humans, but the effective dose for an antifertflity effect

appears to be 100 to 700 times less than the toxic levels

0 L]
based on animal datallB. At higher concentrations gossypol

can cause circulatory problems,‘heart failure, diarrhea and
»
hair discoloration.

°

Tﬁere have been several studies about qossypol,‘but the
-V most important synthetic and degradative studies w;re_done by
Aéams and Edwardsllg, especially the total synthesis by the
latter as depicted in Scheme IV.1. |

115 also used the

“

A recent synthesis of gossypol by Venuti
same aromatic precursor as the starting material. = Even though
these synthetic methods are useful for making gossypol as

0 '3

such, a different approach using an acyclic precursor might/be

useful for making synthetic analogs of gossypol.

\
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Moo’ HiCOQEt  po OOH
' CH;COOEt ¢ cH, (CH;c0),0
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Me ’
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C4Hi-NH-CH=N-C{H;
Hydrolysis

Scheme IV.1
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B. THE PROPOSED SYNTHESIS OF GOSSYPOL

A

fhe basic strategy involved in our approach to the

synthesis-of gossypol is_to utilize the cycioaromatizétion
/

reaction to make the aromatic skeleton from acyclic

precursors. Goséypol is a dimer of two naphthol units. Hence
in#all total syntheses, the aim is to make the monomer. A
retro synéhesis is depicted-in' Scheme IV.2. Therefore'in our

o

approach, there are two sﬁages for the total syntheéis of

" OOEt

» f

\

' Scheme 1IV.2 o ' \
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g[’os.sypol. In our first stage we have to synthesise the

!

molecule _}_Q_l_&_. In ord)er‘to make this mc?lecule ,’rourA approach is R
again' through the;cyc].paromatization reaction.” A retro
synthesis of molecule 104 is given in Scheme 'IV.3. Again the
electrophilic and the nucleophilic components have to be

r

synthesised from aypropriate starting materials.

¢

~

(Y3
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V. RESULTS AND DISCUSSION

@

A. PREPARATION OF ETHYL 2-ISOPROPYL-3-OXO-BUTANOATE

" Qur initial attempt to mékehthe compound 107 by the
literature—ciéed broéedurell6 using ethyl acetoacetate and
isopropanol in the presence of boron trifluoride etherate was
not satgsfactqry. By this procedure, compound 107 was
obtained/in 50% yiéld. ,The reaction is reproduced in
Scheme V.1. Since ¢compound lgl‘is one of the startihg’
materials required for the synthesis, we had to look for a new -
way of.making this compound with a ,better yield. In searchlof

a new method, we first tried the anion chemistry by preparing

the lithium enolate of ethyl isovalerate (108) using LDA and

+ >
' MH . 30%
/ / uc rl
L)
Et ’ )

v Scheme V.1
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i %

then reacting it with acetyl chloride (Scheme V.2). Compound
107 was never isolated by this method. Instead the starting

material ethyl isovalerate was recovered. .

. )
. LDA ]
' /Ji\\é + —>
‘ o THF
.. b
o 2
° @
Et X
& ad

v Scheme V.2

% -] @
4l

« The use of silyl enol gthers in organic synthesis is
'becoging increasingly popularll7; O-Silylated enolates have
several practicai advantages gs syntﬁetic equivalents of
. conventional metal enolates ahd enol intermediates. They
.. react regiospecificallylﬁiéh a variety of electrophiles.
The;efo;e in our approach, ethyl isovalerat® was converted to
the sylyl enol ether 108 using LDA and chlorotrimethylsilang
in dry THF at «78°C. The crude product was distilled under

Fedhced pressure to give the pure comppund‘in 85% yield.

B



— TMS Ci
) "'7 Boc
' 108

a .~ Scheme V.3

Condensation reaction of compound 108 with acetyl
°Cthrlde was carried at -78°C in dry methylene chlorlde using
t?ianlum tetrachloride as the activating agent. The crude S,
product was distilled under reduceq pEesgure to glve pure‘l%Z
. in 80% yield! -The compound was identical in all asé;cts to
that reported in ;he liéé;étu%ellG. Alternatively, compound
107 was prepared by conéensing compound 108 with acetyl

chloride in dry methylene chloride at room temperature using

o )
ZnCl2 as the activating agent. ZnCl2 was found to be a better
4
‘ CH,C, £t
S 4
Ticl, 80 %
3 -78%C
. 108 ' 107

{ j; ; Scheme V.4

N

' OTMS i :
. , LDA ° ,
, - Et  THF Et .,
e 85 .
A L
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‘choice in this case, because of the simplicity in the workup

procedure.

Scheme Vv .5

BL | PREPARATION OF 1,3-BIS(TRIMETHYLSILOXY })-1-ETHOXY~-2~

ISOPROPYL-1,3~BUTADIENE (110)

The mono silylated compound 109 was prépared by refluxing

07 with triethyl amine, Z,TlCl2 and TMSCl in Benzenegg. The

crude product was a mixture of the mono and bis enol silyl

" ether in 60:40 ratio. They were separated by fractional

distillagion under reduced pressure.

. -
.

T™MS
: Et,N '
Et “ >, Et
ZnCl,
- TMSCI
, 107 199
- ¢

Scheme V.6
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Coﬁpound ;ggiwas’convertéd tq the bis enol si}yl ether
110 by treating ethyl 2—isopropyl.3-trimethyl silo;yhcrotonate
(lggj with iithiuquiisoproﬁylamide in THF at -78°C followed
by quenching with TMSC1. Com%odnd 110 was identified on the
basis of spectral data. ‘In its proton nmr spectrum the two
sindglets aé 5 4.10 and 5 4.27 are assigned to the vinylic
protoné. The presence of only one dou;let for the isopropyl
. group is a clear }ndication that the two methyl groups are not
diastereotopic as they were in ;gz. Mass spectrum of compound
iig gave the molecular ion at m/z = 316 (M:).

Compbund 110 ;as also prepareq by an alternate procedure
from 107 using 2 equivalents of LDA and TMSCl. The reaction
was nearly quantitative and no C-silylated product was .

N B L}
observed. The second method was more convenient and was uged

for ‘further preparation of 110.

TMS OTMS
2LDA
N Et
Et 2TMSCI
THF )
. -78°C
’ ¢
107 110
Scheme V.7

b

| PWER
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C. CONDENSATION REACTION OF 110

The next attempt was to prepare the acetél 112 by

reacting 110 with trimethyl orthoacetate in dry methylene

‘chloride using titanium tetrachloride as the activating agent.

The crude product was distilled under reduced pressure and the
pure compound obtained was the elimination product ;ll in 75%

yield. Even though this is not surprising, we expected to get

8

some of the acetal 112 during the reaction. The reaction is

represented in Scheme V.8. 1In’another experiment, the bis

’
)

. Me
» . ‘ ) ;
. , Et

1
’

4 .

: _QTMS OTMS * __ m »
q 4’j:\~¢5g\\o el
cH,—c(OMe), + Et CR.CL ,

, - 78°C

11 Me Me

Et

|

"
-
-
N

\\Scheme V.8

\
\ N

. : \ ; » q
enol silyl ether 110 was\xondensed with triethyl orthoacetate

in methylene chloride at -78°C using TiCl4 as the activating

agent. The product obtained was the ketone 1l13. The reaction
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% \ 95

7 -

Et
TMS QTMS
CH,—C (OEt), + ~ Et ng
Et Et
: Et
11
Scheme V.9 '

. but it has undergone titanium tetrachloride—promdted
deketalization which will be discussed later in this thesis.
In order to avoid the deketalization, in another experiment,
the workup was carried out at a low temperature. But only the
keto eéter was obtained. .

Our next attempt was to convert the elimination produc
1lll to the acetal: In an atté%pt to make the acetal 11 the
elimination product 111 was refluxed withﬂtrimethyl
orthoformate; methanol and paratolueneéulfonic acid (catalytic
amount ). Surprisingly the product obtained was not the
expected acetal 112. The proton nmr of the product obtained

showed methyl protons at § 1.43 and a singlet corresponding to

°

o~
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the acetal p;:otons at § 3.13. But the methylene proton at the
4-position expected for the acetal 112 was ‘not present in thén
lH nmr. The mass spectral measurement of this compouna was

not successful hecause of decomposition in the mass

spectrometer. We suspected the formation of compound 1ll5.

o

. Me><M
' » Et
12

Me CH,OH
/& PTsA
o0 Et
H—C[OMe)
3

Me Me o
Et

1ns

Scheme V.10

Probably the reaction might have gone through the path
described in Scheme I11.11 vhich is similar to a reverse-
Claisen reaction. The structure of compound 115 was confirmed
by synthesising it from _1__Q_7_ by refluxing with methanol, ’
trimethyl ortoformate and paratoluenesulfonic acid.. The

compound obtained was identical in all respects to compound

N\_ 115 obtained in the ﬁrevious experiment.



Me Me
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Et CH,0H
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In the meantime a facile method for the synthesis /6?:' the

e
/

ketone 113 was developed by us using diketene as given in

-
Q

\ .
Scheme V.12. Diketene was dissolved in dry methylene chloride

followed by the addition of 108. The reaction mixture was

a
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o T™S
. Et Ticl,
+ —
CHCI, Bt .
. 88 %

-78%

XN

Scheme V.12

cooled to -78°C and titanium tetrachloride was added dropwise.
After workup the\crude product obtaine§ was purified by flash
calumn chromatography. +The product oéta}ned was 113 in 68%
Qieid. The lH nmr spectrum of 113 reveals the presence of a
vinylic proton at § 5.47 and a broad singlet at § 15.08
indicating that the product exists in the enol form. The .
doublet at § 2.87 is assigned to the proton at the 2-position.
The two doublets centered at §%0.50 é;d 0.60 are assigned to

the isopropyl methyl protons. The infrared spectrum of the
1

product contained broad:bands at 1620 and 1740 cm ~. The mass

spectrum of compound 113 gave the molecular ion at m/z =
214 (M+). This reaction may have some utility for the
preparation of polycarbonyl compounds. A plausible mechanism

is depicted in Scheme V.13.
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Scheme V.13 “

In an attempt to ketalize 113, the compound was refluxed
with methanol, trimethyl o;thoformate and paratoluene sulfonic
acid (catalytic amount). The product obtained was again the
reverse-Claisen product 115. 1In order to avoid the reverse-
Claisen reaction described in Scheme V.11, the reaction time
was shortened or the reaction temperature was lowered to room
temperature. In the former case, the ketal 115 was still
isolated and in the latter case only starting material was
recovered.

" Since the approach to compound ;&3 has turned out to be

difficult, we decided to look for other alternatives. Tﬁe

LY

| S
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ethylene acetal 116 was synthesised by refluxing 111 with
\\

ethylene glycol and chlorotrimethylsilane in dry methylene

chloride as given in Scheme V.14. The crude product was

purified by column chromatography to give the pure compound in

78% yield. In the proton nmr the doublet at & Q.98 is

Me
Et
QTMSG
CH,CI,

m.
<2

SChEme V. 14

assigned to the isopropyl methyl protons. The proton at the
2-position appears as a doublet at & 3.40 and the methylene
proton at the 4-position appears at &§ 3.00-3.07. The singlet
at § 1.43 is assigned to lhe meéhyl proton. Thé ‘triplet
centered at & 1.33 and the quartet at § 4.20 is assigned té
the ethyl protons. The ethylene protons of the acetal shows
up as a sihglet‘at 5 4.30. The infrared spectrum of compound
116 shows two strong bands at 1710 and 1740 et Another
potential candidate, the dithiocacetal 117, was prepared by

reacting compound 111 with benzenethiol and pyr.idine74 in
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carbon tetrachloride|at room temperature. The crude product
obtained’wgg purified by fractional distillation under reduced
pressure\go give the pure compound in 84% yield. Theareaction
is depicted in Scheme V.15. No hemithioacetal was isolatéd
frbmﬂthislreaction. In the proton nmr, the two doublets
cehteredﬂat’é‘O.BO and 0.92 afe assigned to the isopropyl
methyl piotons.‘ The triplet at & 1.17 and the quartet at

& 4.10 are assigned to the ethyl protons. The proton ét the

& ' .
2-position appears as a doublet and is assigned to the peak

p

‘centered at & 3.,13.° f;e singlet at & 3.37 is assigned to the

methylene proton at the 4-position? Infrared spectrum shows

1

two strong bands at 1700 and 1740 cem ~. All these compounds

(111, 116 and 119) can be considered as the 3-carbon.

electkophilic unit required for the condensation and cyclo-
.

.

aromatization “reaction to form the aromatic ring.

£ *
-

- ' .

¢ ¢
) Et
Me .
[ _®-SH / o
Pyridine >,& ‘ |
. o Me
' Ey

¢

Scheme V.15
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'D. SYNTHESIS OF NUCLEOPHILIC COMPONENT

The ‘nucleophile required for the cycloaromatization
reaction was the dianion equivalent 118 of methyl
acetopyruvate (120) which can provide the other 3-carbon unit

required for the formation of the' aromatic ring. Methyl 2,4-

bis(trimethyl siloxy)-pentadienocate (122) was synthesised in
'
two steps from 120.

TMS QTMS
/jL\/Ji\COOMe Z OOMe OOMe
120 ‘ 122

“

The first step involves the formation of a monosilylated
. r
compound using triethylamine, ZnCl2 and TMSC1l as in

'Schemé V.16. The %roduct obtained was a mixture of the mono-

™S :
58%
COOMe

< . . m
g OOMe ZnCI2
Benzene A .
: . TMSCI TMS OTMS
38%
’ OOMe .
122 -

~

Scheme V.16
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silylated compound ;gi and the bis silylated éompound 122 in a
ratio of‘60:40. These compounds Qere separated by fractional
distillation under reduced pressﬁre. Conversion of - compound
121 to 122 was carried out using one equivalent of LDA and
TMSC1l in THF. '

We. were able to prepare compound 122 from 126‘1n one-step

using 2 equivalents of LDA and TMSC1l in THF at -78°C.

»

N

2LDA MS OTMS
" —_
. 0OMe 2TMSCI OOMe
"120 THFR, . 122
-78"¢

Scheme V.17

12

o

In hoth cases described abdve, the workup procedure was rather
tedious. Filtration of the erude product, after treatment
with hexane té remové the inorganic salt, was difficult.
Req?ntly, the synthesis of enol silyl ethers using
trimethylsilyl trifluoromethanesulfonate (123) was reported

by Simchen and Koberlla. (For examples see Scheme V.18).

A}

We have adopted this proc¢edure to make compound 122.

Therefore, when 120 was refluxed with zinc chloride and
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Co a
, ﬁ ~ :
+ F,c——ﬁ--—OSi(cH,)3 —_—
° 13
. ' Si(CHy),
69 %
SilCH,),
X f,c—ﬁ——OSi(CH,)J — . »
o
123
Si(CHy),
68% T

3 : si(cH,),

Scheme V.18

.

T«
triethylamine in bipzene after the. addition of 2 equivalents
of trimethylsilyl trifluoromethanesulfonate (123). The bis

enol silyl ether 122 was isolated in good yield. The reaction

is depicted in Scheme V.19. ¥The method was found to be much

e

104
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| i
: /B\/B\COOMe + 2TMSO_E_CF: B

, : Et3N o
’ Benzene
ZnCh

TMS TMS N
PR . 6._.
OOMe 8%

Scheme V.19

J
simpler in its workup. The only drawback in this case is the

L] . 1

high cost of the reagent 123.

,» -
-\

E. CYCLOADDITION REACTION USING COMPOUND 122

Cycloaddition reaction of compound 122 was first- tested
by reacting the compound with the monosilylated cdOmpound 121
in the presence of titanium tetrachloride as the activating

agent as shown in Scheme V.20. : R

T™S TMS H "
OOMe COOMe

TicCl,

’ :*_ i
s,
NI OOMe 124 )

Scheme V.20

5
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Compound 124 was the expected aromatic compound obtained,
by the cycloafomatization reaqéion. In the proton nmr
spectrum oE 124, the singlet at & 2.20 is assigned to the
methyl protoﬁé on the aromatic riné. The ester methyl protons
are assigned to the singlets at & 3.83 and 3.90. The' aromatic
protons appear at & 6.90 and 8.13. The phenolic hydroxyl waé
confirmed by deuterium. oxide 'exchange (peak at § 6.5) in

%H nmr. -

A mechanism for the formation of compound 124 is

represented by the path described in Scheme V.21. Since

TM'g\CIe
T™S %"
4;1E25L\C00Me
% ® ——
TM@
‘ NS OOMe

OOMe OOMe____)
O0Me
' H
OOMe
OO0Me

Scheme V.21
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compound 122 is indeed capable of undergoing the cyclo- =
aromatization reaction bz acting as the nucleophilic N

component, our next aim was to syrthesise the target inter=—

mediate 104. Since it has been reported from this laboratory

OO0Me
l OOEt

that the condensation of 4-methoxy but 3-en-2-one (125) with-.
l,3-bis{trimethylsiloxy)-l-methoxy buta-1l,3-diene gave ¢

6-methyl salicylic acid (126)74, we attempted the condensation

o

™S TMS
‘OMe - H ’ ~
OOMe

, ‘. T1Ch
+ ——-—-—-—>‘:'_l2 ch 50%
MeQ\\fﬁXEI// ' 126 . .

125 '

Scheme .V. 22
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of 111 with the bis enéP'silyl ether 122 using TiCl, as the
activating agent in dry methylene chloride. Unfortunately no
e;pectedMbycloa¥omatization\reactiOn was obsefveim The crude
reaction mixture on purification by column chromatography gave

the starting material 111 along with the self coﬁdensation

ppoéuct 124.a Repeating thg reaction at room temperature using

Ve

. QTMS OTMS
, OOMe ’ ' ‘ 124
‘ g Ticl, '
‘ T CH,CI,
i Me -78% H s
Et OOMe
3 OOEt
m
104

Scheme V.23

{ '-*'l‘
the same activatipng agent did not give the‘expected compound
104. Using ZnCl2 as the activating agent, the .condensation
-reaction was repeated, but“the-results were the same, except

’

that no self condensation product resulted.

o

108

-

.t
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Since sulfur can stabilize the positive charge better

than oxygen; we thought it reasonable to make the thio analog
of 1I1, ethyl 5-phenylthio-2-isopropyl-3one hex-4-enoate

(129). The starting material, 3-phenylthio-crotonic acid ,

@

(127), required for this purpose, was synthesised in our

119

laboratory by reacting diketene with benzenethiol in the

presence d% concentrated HZSO4. Compound 127 was converted to
the acid chloride 128 by reacting it with oxalyl chloride in
dry benzene. The reaction was compléeted in 10 mfn and the

~acid chloride 128 was obtained in quantitative yield

(Scheme V.24). Compound 128 was found to be very unstable

4 'd

@ ' @
A, cnenercs TR
N’\N H >‘ & '

Bézene . -

Scherie V.24 . - .

B
and was therefore immediately condensed witp 108 in the )

presence of TiCl4 as the activating agent. The resulting
product was the expectéd compound 129 in 70% isolated yield.

It existed as a mixture of two geometric isomers _which could

not be separated. The reaction is represented ;g?g;heme V.25,

L)
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o t B
/gm"ﬁ\c + 1&9 i Et
| CH%CI

Scheme V.25 \ ,

\
\‘\
\
\ \

In a similar approach, the°benzylthio\aerivative, ethyl
5-benzylthio-2-isopropyl-3one-hex-4-enoate (131) was prepared

starting from 3-benzylthio-crotonic acid (130) as depicted in

AY
N

~

4

H9
/K:ﬂ“ﬁ\o O] Chlonde /Kﬂ"k AN
|
Benzene ‘
- B \

Scheme V,26. .Compound 132 was a mixturefpf 2 gebmetric

\

Scheme V.26 .

| SR
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isomers in the ratio of 75:25. We were able to separate the
isomers by column chromatography. The isomers were
characterized‘on the basis of nuclear Overhauser effect

(NOE)lZO,IZl

. The major isomer was the one' in which the vinyl
hydrogen and the methyl group are trans to each other. This
was assigned on the basis that there was no increase in the
i:ntensity of the methyl signal in the 1H nmr spectrum upon
double irradiation of the 'vinyl hydrogen. The major isomer
was thereforgatﬁe E isomer 133. 1In the case of the minor
isomer ‘in which the metHyl and the hydrogen are cis to each

other, ‘there was a considerable increase in the intensity of

the methyl peak upon double irradiét{on. On this basis, the

* minor isomer was assigned the Z stereochemistry (134).

-

#CH,

£

—— "

Ketalization of the compounds 129 and 132 were not

successful. The condensation reaction of both these compounds

¢



112

1]

129 énd 132 was carried out with the bis enol éilyl ether 122 |

—— e——

in the presence of TiCl, as the actiVating agent. No new
aromatic compound was detected in the lH nmr of the crude
product. Purification of the crude product by column

r

chromatography resulted in the isolation 'of the starting

material and a small amount of the self condensation -product

-

124 38

H

OOMe

4%22?5 MS
OOEt
OOMe :
CH,CI, %

- Ticl,

-78% N
Et .
OOMe
+ 129
\COOMe

H
124

- H
OOMe
/ OOEt
g
H
O0OMe
) ( +134
. OOMe

124 ‘

O

Scheme V.27
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Before we came to any conclusion, we decided to do the

™
condensation reactions of the other acetals which we had
already prepared (Schemes V.14 and V.15). Thus the ethylene
acetal 116 was reacted with the bis enol silyl ether 122 in

\
|
the presence of TiC;Z/as the activating agent. 1H nmr of the

Y

crude product indicated the absence of any new 3{®matic
product. There was some evidence for the formation of a
silylated keto ester 135 and the self condensation product
124. Purification of the crude product by column

chromatography gave 113 and 124.

)

H
’Jl\COOMe
TMS OTMS ° OOEt . -
OOMe d
+ Ticl, ' i
’ ) CHzclz
TMS
& -+ 124
: Et

Scheme V.28

e e e .
.

113
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A similar condensation reaction was carried out with the

dithioacetal 117 and 122 in the presence of TiCl4 as the

r

activdating agent. éut unfortunately no expected aromatic
compound was isolated. There were some peaks in the crude
lH nmr spectrum between 6 ppm and 7 ppm. These peaks,
disappeared from the fractions obtained after column )
chromatography. They cannot be ass;gned to any aromatic

cgmpound. The only product isolated was the self condensation

product 124.

OO0Me
)TMS TMS OOE‘[
00Me
, N Ticl, 104
CH,Cl; H .
65, S0 OOMe
Eﬂ OOMe
17 - 124

|

Scheme V,29

At .this stage, we assume that 1,3-keto ester

functionality in the compounds 111, 116, 119, 129 and 132
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might have contributed negatively in rendering the
cycloaromatization reaction. One possibility is that these
compounds probably ugdergo silylation during the reaction.
Another possibility is that the steric hinderance due to the
isopropyl group may breVent either the complexation with .
TiCl4 or the approach of the nucleophile, either of which will
not lead to cycloaromatization. ~
The next aéproach was to avoid the first problem
mentianed above by protecting the keto group at the

3-position. Direct ketalization of the carbonyl at the

3-position in compounds 116, 119, 129 and 132 were.

unsuccessful. This may be due to the steric hinderance of the
adjacent isopropyl géoup. Therefore,;the oniy possibility is
to incorporate an acetal or an equivaiedt'at the 3-position
while the molecule is being coﬁstructed.

With ‘this in mind, the orthoester 137 was synthesised
according to the literature procedure122’123. 4,4-Dichloro-
but-3-en-2-one (136) was prepared by reacting acetyl chloride
with vihylidene chloride (135) in the presence of-A1C13.
Coﬁpound 136 was then reacted with sodium methoxid; to get the
compound’ 137 as in Scheme V.30. Compound 137 (4,4,4—£ri-‘ |
methoxybutan-2-one) was then reacted with the enol silyl ether
108 in the presence of TiCl, at -78°C. The expected acetal

38 was not' obtained, but methyl acetoacetate.and ethyl

i 5 Seteur

isovalerate were recovered from the crude reaction mixture.

The reaction is depicted in Scheme V.31.°

-



133 < 136
NaOMe
CH,—C —CH—C(OMe)
[N} !3_
SChemq V.30
#
T™MS
H
Et TicCl
: ome) —— >
/&/C 3 + CHzc'z
-78%
M M
Et

¥

) Scheme V.31

" 116
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At this time, a new thio enol silyl ether, l-trimethyl-
siloxy-3-phenylthioll—methoxyibuta-l,3—diene (139)119 was
prepared in our laboratory and its nucleophilic reactivity wag

tested with a number of electrophiles. As in the case of

*

v @ TMS
_ Me

r .
o

1,3-bis—(trimethylsiloxy)-1l-methoxy~buta-1,3-diene, the site

124 We

at C4 was found to be more reactive than that at Cc-2
decided to use this 1nformat10n to create a new dianion

equivalent of ethyl- 2 1sopropyl 3-oxo—butanoate. We also take
advantage of a methodology to make vingl sulfide using P2q5 as

published by Trost in 198312 (Scheme V.32). 1In a similar

P, Os
A s oo
) ¢—SH

Scheme V.32
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way, we were able to make the required vinyl sulfide, ethyl
3-phenylthio-2~-isopropyl-but-2-enoate (140) by stirring ethyl
2-isopropyl-3-oxo-butanoate (107) Jiph benzenethiol and P,0c
for 20 h as in Scheme V.33. Compound 140 was converted to the

n
In

o
¢p-SH 70%
Pz 05
] CH,Ci,
107 140 -
Scheme V.33

o

-~

corresponding eno; sily ether (l-trimethylsiloxy-l-ethoxy~-
2-isopropyl-3-phenylthio buta-}l,3~diene (141) by the
following procedure. LDA was prepared inuTHF at 0°C and the-
solution was cooled to -78°C followed by the addition of 140.
The solution was stirred at -78°C for 10 min and then
quenched with. TMSCl and allowed to warm to room temperature.
Afper the wofkup_procedure, the nmr of ;he crude product
showed the formation gf the expected enol silyl ether. But
the product éontained some impurities., Since the cdhpognd waé
—

found to be very unstable, further.purification was nét

possible. The formation of the enol silyl ether was confirmed

S o



on the basis of its reaction with trimethyl orthoacetate as

follows.

- @ TMS
® LDA %
——= Et
Et ~TMSCI , .
: . THF C
140 1£

Scheme V.34

bompound lilfwas reacted with trimethyl orthoacetate in
the presence o§ TiCl4 hoping to get the acetal.l43.
Unfortunately the product isolated was the ketone 142 which
might have arisen from, the acetal 143 by cleavage with TiCl4

(Scheme‘V.35). It is clear from this reaction that the enol

~

.

@
Et
50%
' ¢ OTMS 142
CH,—C(OMe), + Ot §£
141 '
Me Me?
4
Et

Scheme V.35‘

b
(2]

119
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silyﬂ ether 141 is capable of unéergoing condensation:"reaction
‘ which][ can be used for the chain elongation reaction to créate
new \f!inyl sulfides. h

‘The ketone 142 is also a potential intermediate which, we
thoug:ht, mightv be able to convert to the required acetal 143.
T}merelfore, the ketone was refluxed with methanol, trimethyl-
ortho]formate and paratoluene sulfonic afzid. ‘Unfortunately, no

expected acetal was isolated. Instead, a light yellow

cryst:-:nlline compound, 144, was obtained ‘(Scheme V.36), In the

[

@

Et

»

Scheme V.36

lH nmr, the doublet at 5§ 1.41 is assigned to the isopropyl

methyl protons and the multiplet at & 3.10-3<57 is assigned to

CH3

the methine proton (~CH ) on the isopropyl group. The

\
| CH,y
- ¥



0
PRPEETY

. 121

o i

“

vinylic proton appears at § 5.46. The singlet at 6 7.48 is
assigned to the ring proton. The infrared spectrum of the
compound showed bands at 1630 and 1710 em™ L. We have also
prepared the vinyl sulfide 145, but the preparation of the

corresponding enol silyl ether was not successful. -

-~

5 @CH;~
Et

In an alternate method for the preparation of tﬁe acetal

’ - 143, compound 141 was reacted with trimethyl orthoacetate in
the presence of ZnCl2 éé a catalyst. lH nmr of the crude

product indicated the formation of the expected acetal (143).
¢ Purification of the compound by column chromatography or

distillation under reduced pressure resulted in the

decomposition of the compound lﬁ;f e decided to do the

condensation reaction with the bis enol silyl ether 122 using

:fthe crude product before purification. Therefore compound 143

was mixed with the bis enol silyl ether 122 in methylene

chloride and TiCl4 was added dropwise. But no expected

aromatic compound was isolated (Scheme V,38). 1In order to

'ﬁ
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@ T™S
. ZnCl,
CH~Clome), + T OBt cHCI, «
Me Me $?
Et
143
. Scheme V.37
. TMSOTMS -
0OMe H
122 “Ticl, 0OMe
+ >
CH,CI, OOEt
Me Me ¢
Et 104
A7 143
Scheme V.38 .
) check the reactivity of 143; the condensation reaction was

repeated with 1, 3-bis (trimethylsiloxy)-l-methoxy-buta-1,3-.

126
a

diene (which was used for the synthgéis of olivetol) s

depicted in Scheme V.39, Again only starting materials were

recovered.

\ ' - ]



123

® . N -

//TTIJS TMS
- //i Me ‘ H

2 Ti(;I Me
+ o s
OOEt
. Me Me ¢ CH,Cl,
Et
104 .

Scheme V.39
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Considering all thé reactions that we have ‘done so far
one can come to some conclusidns, namely, in spite of the many
different carbonyl equivalents used (ketal, thioketal, enol ..
ether, enol thioether), the conéensation of 122 with a o
3,5~-diketoester bearing a 2-isopropyl group has not been
successful. Wg can only attribute the difficé}ty to the
presence of the isopropyl group. The diffiEulty is manifestgq

© in several ways. The first is the pQSsibility’of a retro-—-
Claisen (or Aldol) type reaction as observed in Scheme V.10,
The second manifestation is that titanium tetrachlofide}
instead of complexing with the ketal function to %fomogg the

condensation reaction, ledds to the deketalization reaction.

This is the case‘:of the reaction of 141 with: trimethyl ortho~ '

-
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acetate (Scheme V.35). The ketal of 143 is gonverted to the

ketone 142.

Recently it was reported in the liter:ature}27 that

:

acetals and ketals can be converted to carbonyl compounds by

using‘/TiCl4 as a promoting agent (Scheme V.40).

fic; | ~
)
R . —R ® ) o
TiCl, > >:30.__R + R-O-TiCl
b .
~-R “—R o
- " >c=o + RCI + ROTICl,

Scheme V.40

With the conclusion that it is the 2-isopropyl group
which prevents the condensation of 122 with a tri-carbonyl
equivalent in mind, we attempted two possibilities. The first
question was: fs the cycloaromatization possible if tﬂe T
isopropyl group is in the nucleophilic comﬁgnent instegd? If
the target /intermediate 104 is bisected in another fashion,
one can°se’ thatiit‘may be constr&cted by the condensation of
110 with 143 accprding to the retro-synthesis depicted in

e
Scheme V.41. Our first attempt was to make the compound 143.
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Therefore 122 was reacted with trimethyl orthoacetate in
'methyleng chloride using TiCl4 .as the activating agent.
Unfortunately no expected acetal 143 was.formed. Instead, a‘
small amount (10%) of the elimination product 146 was

isolated. The rest was a polymerised tar (Scheme V!42).

?
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Me

! Scheme V.42
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Since the reaction did not woFk as' we expected, we tried
ah'oné;éot reaction' to avoid any elimination during the
workup. In this‘case.we ;irst mixed the trimethyl ortho-
acetate and 122 at-78°C and then TiCl, was added to the
reaction mixture. The reaction mixture was stirred for 2 h at
~78°C followed by the addition of compound 110 and TiCl4. No
expected aromatic compound was isolated. The crude product on
purification d%ve 11l along with the keto ester 107. Coﬁhound
111 was §ormed by a single, condensation reaction of the bis
enol silyl ether igg with trime%hyl or£hoacetate similar to
what was reported in~Scheme III.8. Ethyl 2-isopropyl-3-oxo-
butanoate (107) was formed from the bis enol ether 110 during

s

workup procedure. The reaction is depicted in Scheme V.43,

"
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TMS QTMS
Et

AR '

H Me
OOMe
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-

111
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-Scheme V.43 < ~

We therefore asked, the second question, if the isopropyl
group is absent in either the nucleophilic or the

electrophilic component, can condensation of compound 122 with

"a tricarbonyl compound take place? We therefore decided to

make the acetal 147. 1,3-Bis(trimethylsiloxy)-l-methoxy
buta-l-3-diene was condensed with trimethyl orthoacetate

(excess) using TiCl4 as the activating agent. The compound
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isolated was the elimination product 146 in 62% yield. The

reaction is depicted in Scheme V.44. Compound 146 was then

TiCl,
CH,—C(OMe), - + TMS —_, 20,
. Me
Mewo > MMQ '
Me
, 146
2
147
Scheme V| 44

subjected to ketaliZation using methanol, paratoluenesulfonic
acid and excess of trimethyl orthoformate. The resulting
compound was the acetal 148 with a methoxy group in the 3=

position' (Scheme V.45). Essentially, compound 148 has all the

M C Me
CH,OH Me Me
i Stea R M I
N . Me PTsA ~S €
Lo e 146 H-C(OMe)z : 148

%
o . Scheme V.45

1
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characteristics that can undergo cycloaromatization reaction
" with the nucleophile 122. A plausible mechanism for the

formation of 148 is represented in Scheme V.46. When 148 was

¢

’ s . @
M ; : Me ( H
' . —
&:3§§A®jl\v/ji<o Me
Me

MeaH .
Me _H Mo H
—_ —>
Me \ Me
® ' . Me
M \H
®
_ Me ( Me
—_— &Y - —>
Me
Me OH
"-‘3
H Me
—> 7N Me
/ Me .
r 148 |

.Scheme V.46

\;
~

condensed with the bis enol silyl ether 122 in dry methylene

chloride at -78°C using TiCl, as the activating agent, new
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aroégtic compouﬁds were detected in the lH.nmr of the crude
prodﬁct. Purification of the crude reaction mixture éave two
ée; aromatic compounds. The'spectral‘daté of these compounds
do not fit the properties expected for aromatic compound 148.
The structures of these compounds” were assigned on the basis

of their spectral data and also from their chemical behaviour

as ls?,izid}éi. The condensation reaction was repeated with a

H
MS OTMS ' /@éggxe
e
149

v OOMe
Ticl, 72‘ 149
CH,CI :
M Me Me - 728002 \
’l‘ Me OOMG
BN Me H OOMe
148
J 150 151

Scheme V.47

3

sliorter reaction ti@e (12 h) and only one compound, 150, was

formed. From this, we believe that compound 151 might have

L d

( been formed from 150.
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In the proton nmr of 150, the singlet at § 2.31 is

assigned to the methyl group on the ring and the singlet at

8§ 3.83 is® assigned to the methyl protons of the ester;: The

-~

singlets at § 6.72, 6.85 and 7.24 are assigned to the protons
”

on the ring. The phenolic proton appears at‘é iD.GS ,
indicating- that it is intramolecularly hydrogen bonded to the

adjaecent carbonyl group. Infrared spectrum showed bands at

1680, 1720 and at 3400 cm™*. Mass spectrum of 150 gave the

molécular ionmat m/z = 234 (MT). l3C nmr indicated the

[N

presence of 12 different carbons at § 22.14, 52.89, 105.16, *©
113.52, 118.75, 119.08, 134.88, 142.49, 149.50, 160.59, 161.64
and 164.61. ‘

The attached proton tests (APT) have been found very

-

useful for the identification of quaternary, CH, CHz*and CH3

128-130

carbons in 13C nmr spectroscopy . Such a test was

carried out for 150. The negative peaks at & 22.19 and 52.19

i

are assigned to the methyl on the aromatic ring and the ester

*

methyl respectively. The other three-negative peaks at

113.54, 118.51 and 118.92 are assigned to the vinylic CH

Vo )

carbons. The positive peaks at & 105.16, 134.84, 142.44,

.149.53 and 161.56 ;re assigned éo the quaternary carbons.
In the proton nmr of 151 the singlet at § 2.40 is

assigned to the methyl protons on the ring. The;g were two

singlets at 8§ 3.82 and,§.93 corresponding to the *OCHB

protons. The sin%lets at 6 6.81 (2H) and § 7.23-are assigned
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to the vinylic proton on the ring. In the infrared spectrun,

there were two strong bamds at 1720 andaiﬁﬁo cn™t and no band

{

corresponding to the hydquyl group was present. Mass
_spectr;m géée the molécular ion at m/z = 248 (Mf) and the
fragggntation péttern was at m/z = 233 (MT—CH3) and 189
(Mi-COOMé). %3C nmr indicated the presence of 13 different
s_ignals at & 22.10, 52.78, 56.34, 87.14, 112.17, 113.74,
119.99, 13;.6( 138.21, 143.57, 147.67, 160.83, and 161.69.

It seems that the condensation reaction proceeded in the
desired manner, except that the reaction went one‘step further
bnyQElizing tﬁe ester side chains. We tried to stop the
second cyclization by further reducing the reaction time.
However, no condensation reaction was observed. Hence we
believe that the firs¢ cyclization is slower than the second
cyclization. Use of ZnClZ; instead of TiCl4 as the activating
agent failed to éive any condensation products.

A plausible mechanism accounting for the formation of 150
and 151 is depicted in Schemes V.48 and V.49 respectively..
The structure of 150 was confirmed by chemical transformation.
Compound 150 was reacted with st}um methoxide. The product
obtained was the acid 152. The acid 152 might 'have been
formed by the simple hydrolysis of the ester by a trace amount
of NaOH present in the reaction system (Scheme V.50),

The above hydrolysis was repeated using 10% NaOH,

methanol and water. The hydrolysis was‘completed in 10 min
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H OOH
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$cheme V.50

at room temperature in quantitative yield. The light yellow//
. ' /
solid thus obtained was insoluble in most organic solvents.

The compound was recrystallized from petroleum ether. /In the

\

H OOMe H OOH

NaOH
CH,0H

Scheme V.51
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pfbton nmr the singlet at 8 2.5 is assigned to the methyl

./ protons on the aromatic ring., The singlets at § 6.90, 7.10

and 7;?0 are assigned to the ring protons. The singlet at
5 10.70 is assigned to the intramoleculariy hydrogen-bonded
phenolic protons. The acid proton appears as a broad singlet

\
at 8 3.5. Infrared spectrum of the acid showed strong bands

at 1695, 1725 and two broad bands at 3?00 and 3500 cm-l.
These broad bands are characteristic of phenolic and
carboxylic acid absorptions. Mass spectrum of the acid gave
the moleécular ion at m/z = 220 (MT). In the fragmentation
pattern, mass spéctrum shows the loss of COOH with a fragment
at m/z = 175 (M¥-COOH).

We can therefore conclude that cycloaromatization between
122 and a tricarbonyl equivalent such as 148 can indeed occur.
The presence of the isopropyl groupy oweQér, rendered the
cycloaromatization impractical. Any/future design in the
synthesis of gossypol, using the cycloaromatization approach,

must take this fact into consideration,

? . N
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VI. EXPERIMENTAL

Melting points (mp) and boiling points reported were
uncorrected. Melting points were determined on a Gallenkamp
instrument.

Infrared spectra (ir) were obtained using a Perkin-Elmer
model 297 spectrophotometer. Both solution and KBr pellet
methods wéré used. FT-IR spectra were recorded on a Nicolet
7000 series instrument.

Mass spectra (ms) were obtained on a Dupont 21~-492B mass
spectrometer either by a direct insertion probe ornby a batch
inlet and on a Hewlett-Packard model 5984A coupled gas
chromatograph—-mass spectrometer.

P n magnetic resonance (lH nmr) spectra were recorded

standard. The peaks were designated as singlets (s), doublets

(d), triplets (t) and éuartets (q) or mdltiplets (m). The

[

doublets and triplets were recorded at the centre of the peaks,
l3C nmr spectra were recorded on a Varian XL-200 or
Brucker WH~90 spectrometer.
Analytical TLC was performed on Kieselgel 60 F254 (Art.
5554-MERCK). For the visualization of the compounds, a dip .
solution containing ammonium molybdate (2.5 g) and ceric

sulfate (1 g) in concentrated sulfuric acid/water

(10 mL/90~mL) was used.

'L“,.
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Column chromatography was performed by ﬁlash column

Ehromatégraphy as described bYOStiLllog. For flash column

v
r 4

chromatography, silica ge% (Kieselgel 60, 40-63 yu) supplied
by Merck was used.

Solvents‘ﬁsed for the-“reactions were completely dried.
THF was dried over sodium and benzophenone (indicator).
Benzene was dried over$§%§ium and kept over sodium wire.
Triethylamine was dried over phosphorous pentoxide.

k!

. Optical rotations were measured using a Perkin-Elmer 141

polarimeter and elemental analyses were determined by Guelph

Chemical Laboratory, Guelph, Ontario.

>~

Preparation of methyl 3-trimethylsiloxy-but-2-enocate (§l)99

'Anhy{;;us powdered zinc chloride (2 g) was added to
trimethyl amine (115 g, 1.1 mol). The mixture was stirred for
1 h at room‘temperature until the salt was suspended in amine.
To this was added a solution of methyl acetoacetate (58 g,

0.5 mL) in 150 mL of benzene followed by chlorotrimethyl-
silane (108.5 g, 1 mol). An exothermic reaction was noted
after 30 min. The temperature was then raised to 40°C and the
reaction mixture was stirred at that temperature overnight.

. After cooling, thes reaction mixture was added to 1 L of ether
(dry) and filtered. The‘filtr?te and combined ether washings
were concentrated in vacuum to give a brown oil. Distillation

through a vigreux column gave 60% of the monosilylated
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a .
" compound (87). The spectral data were identical to the ones

-

‘reported in the literaturegg.

o
Y

Preparation of 1,3-bis~-(trimethylsiloxy)-1-methoxy-

butadiene (§§)74 h \j

| To a solution of dry diisopropylamine;(34 mL, 24 mmol) in
dry THF (50LmL) under nitrogén at 0°C was added n-butyl-
lithium (16 mL of 1.5 M in hexane, 24 mmol). This was
followed by the addition of dry TMEDA (3.2 mL). The solution
wag cooled to ;78°C and methyl 3~trimethylsiloxy but-2-enoate
(3.8 g, 20 mmol) was added. The yellow anion was quenched
after 10 min with chlorotrimethylsilane (4 mL). The mixture
was allowed to warm to 0°C and céncentrated in vacuum. The
residue was triturated with dry hexane (200 mL) and was then
filtered. The filtr;te was concéntrated under high vacuum,
to give the bis enol silyl ether as a yellow oil.. The hexane
. treatment was repeated (in case any salt was' again
precipitated) using 100 mL of dry hexane. The compound was
not stable enough to be distilled and therefore was used as
such for the next reaction. The compound was identified by
comparison with the known spectral data74. lH nmr (CDClB), o

0.14 (s, 94,), 0.20 (s, 9H), 3.48 (s, 3H), 3.88 (4, 1H),

4.09 (4, 1H). B

(P
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Preparation of 2-methylaceto-2-methyl=-l,3~dioxolane (91)

To a well~stirred solution of methyl acetoacetate

' (1.16 g, 10 mmol) and ethylene glycol (1.24 g, 20 mmol) in

25 mL methylene chloride (dry) at room temperature was added
slowly over a period of 20 min chlorotrimethylsilane

(1.63 g, 15 mmol). An exothermic reaction was noticed. The
reaction mixture was refluxed for 20 h, cooled and wa;hed with
5% aqueous sqdium carbonate solution. The methylene chloride
solution was dried over anhydrous magnesium sulfate, filtered
and evaporated. The crude product was distilled to get the
pure dioxolane in 90% yield as a colourless oil:

bp 36-38°C/0.25 torr; ‘

M nmr (CDC1;), 5: 3.96 (s, 4H), 3.66 (s, 3H),

2.66 (s, 2H) and 1.46 (s, 3H);

Anal. calcd. fér C7H1204: C 52.%§; H 7.55; found:

°

C 52.38; H 7.60. ' ) .

-t q

Preparation of methyl 3-oxo-octonate (§§)100

cDry tétrahydrofqran (25 mkr) was distilled into a 50 mLh
flask containing 54 mg of sodium hydride under nitrogen. The
flask was cooled in ice and methyl acetoacetate (1.16 g,
10 mmol) was addeé~dropwise and the colourless solution’ was
stirred at 0°C for 10 min. Then 4.8 mL (10.5 mmol) of n-butyl-
lithium in hexane was added dropwise. ’The orange soluéion was

stirred at 0¢9C for an additional 10 min. A solution of

R

=
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a

n-bromobutaﬁe (1.50 g, 11 mmol) in 2 mL THF was added and Ehe
reaction ﬁixture wasrstirr;d at room temperature for.1l5 min.
The mixture was acidified with conc. HCL and was diluted with
5 mL of-water and 15 mL of ether. The organic phase was
'washeé with Jater_many times until the aqueous extracts were
neutral to pH. The ether solution was dried over anhydrous
magnesium sulfate, filtered-and concentrated under vacuum.
The crude product was distilled under reduced pressure éo give
a colourless oil in 6 8% yield;
bp 56-~58°C/0.54 torr; lit. bp 53-=54°C (0.4 torr)1007 .
/ ' nme (cDCL;), &3 0.77-1.87 (m, 9H), 2.55 (t, 2H). V

3.40 (s, 2H), 3.67 (s, 3H);
l )

ir (CCl,): 1740, 1750 cm .

’

Preparation of the 1,3-dioxolane 92

To a‘well—sﬁirrgd solution of methyl 3-oxo-octonoate
(1.72 g, 10 mmol) and ethylene glycol (1.24 g, 20 mmol) in dry
methylene chloride at room temperature was added chloro-
trimethylsilane (1.63 gz 15 mmol) over a period 05320 min,

The reaction mixture was refluxed for 24 h, cooled and washed
with a 5% aqueous sodium carbonate solution. The ethylene
chloride solution was dried over anhydrous magnesium sulfate,
fiite}ed.ané concentrated under vacuum. The crude product wés

distilled under reduced pressure to give a colourless oil in

88% yield:

’
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bp 84-85°C/0.5 torr; lit. bp 97-99°C (1 torr)1%%;
% nmr (CDC1,), &: 0.77-1.53 (m, 9H), 1.73 (t, "2H),
2.60 (s, 2H), 3.63 (s, 3H), and 3.93 (s, 3H);

ir (CCl,): 1780 em™1;

Anal. caled. for Cj H, 0,: C 61.08; H 9.32;

found: C 61.13; H 9.35.

Preparation of methyl 3,3-dimethoxy-octanoate (89)

A mixture of methyl 3-oxo-octanoate (l1.72 g, 10 mmol),
dry methanol (30 mL), trimethyl orthoformate (5 mL) and a
trace amount of p;ra—toluenesulfonic acid were refluxed for
24 h. The reaction mixture was cooled and poured into a 5%
sodium carbonate solution and extracted with ether. The ether
extract was washeg once with water and dried over anhydrous
magnesium sulfaﬁe and filtered. The filtrate was
concentrated under vacuum. The cr;de product was purified by
passage through‘flash coldhﬁ chromatography (eluent: ethyl
acetate/hexane 1:9, v/v). A colourless oil was obtained as

—-—the pure product in 78% yield:
4 nmr (CDC1;), 6: 0.87-1.93 (m, 11H), 2.67
(s, 2H), 3.20 (s, 6H) and 3.67 (s, 3H);

ir (CCl,): 1750 em L.
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Preparation of the 1,3-dioxolane 94

The ketal 92 (2.16 g, 10 mmol) was refluxed with a 30%
sodium hydroxide solution (26 mL) for 24 h. The reaction
mixture was' cooled and acidifiié with hydrochloric acid
(watgr/conc: HC1, 50:50, v/v) ko pH 3. During neutralization,
the reaction mixture was cooled in ice water.h The prodﬁct
was quickly extracted with ether and washed once with
disfilled water. Tﬂe ether solution was dried over énhydrous
magnesium sulfate and filtered. The filtrate was evaporated
to get the acid in 69% yield. The acid was a coloh%less
thick oil, whicﬁ solidified on cooling:

g nmf—(CD013), §: 0.77-1.50 (m, 9H), 1.57-2.00

(m, 2H), 2.63 (s, 2H), 3.60 (s, 4H), and 10.40

(s, 1H).

v

Preparation of the 1,3-dioxolane 95 ’

The acid 94 (2.02, 10 mmol) was dissolved in dry benzene

-under nitrogen. The benzene solution was stirred at room

temperature for 10 min. Oxalyl chloride (1.26 g, 10 mmol)dwas
added dropwise. The reaction mixture was slowly refluxed for
2 h, cooled and benzene was removed by evaporation in vacuum.
The crude product was a light yellow oil in 90% yield. The
product decomposed at room temperature:

'd mmr (cpe1,), 85 0.77-1.50 (m, 9H), 1.57-1.93

(m, 28), 3.17 (s, 2H) Epd 3.97 (s, 4H).

: A

3
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Synthesis of methyl 2,6-dihydroxy-4-pentylbenzoate (93)

The ketal 89 (0.218 g, 1 mmol) was mixed with the bis
enol silyl ether 68 (0.260 g, 1 mmo}) in dry methylene
chloride (20 mL) under nitrogen at room temperature. Titanium—
tetrachloride (0.378 g, 2 mmol) was added dropwise and the
reaction mixthre was stirred for 48 h at room temperature.
The crude mixture was poured into a sodium bicarbonate
solution (10%, 10 mL) and extracted with ether. The ether
extract was, dried"over anhyarous magnesium sulfate and concen-
trated by rotoevaporation. The last trace of the solvent was
removed by high vacuum. The crude product was subjected to
flash column chromatography (eluent: hexane/methylene
chloride, 3:5, v/v). The major fraction was a white solid of
the methyl olivetolate (methyl 2,6-dihydroxy-4-pentyl benzoate
(93) in 72% yield. The minor fractions were the starting
material methyl acetoacetate and methyl-3-oxooctanoate:

mp 29-30°C;_

'8 nmr (cDC1,), 6: 0.70-1.90 (m, 9H), 2.37-2.67 (m,

2H), 4.03 (s, 3H), 6.27 (s, 2H) and 9.70 (s, 2H);

ir (CCl,): 1675, 3200 (br) and 3460 cm ™ ';

ms m/z (relative intensity): 238(M1,205207 (6),

206 (10), 182 (42), 150 (100).

Preparation of olivetol (S—pentyl—resofcinol) (13)

The methyl olivetolate (0.238 g, 1 mmol) was dissolved in
methanol (10 mL) and sodium hydroxide (2 mL, 30% aqueous

solution) was added. The reaction mixture was refluxed for
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5 h, cooled and acidifidd with 1N HCl and extracted with

ether. The ether extract was dried over anhydrous magnesihm
1 ,

sulfate, filtered, concentrated and evaporated to dryness

under high vacuum. Olivetnl was obtained as a light brown

solid in 85% yield: .
mp 41-42°C, lit. mp 42-44°c”*%7,

'8 nmr (CDC1;), &: 0.40-1.21 (m, 9H), 2.24-2.65

(m, 2H), 6,01 (s, 2H), 6.20 (s, 2H), 6.31 (s, 1H);"

1 /

ir (CCl 3610 cm —;

4l
ms m/z (relative intensity): 180 (25, MT), 137 (30),
124 (100), 124 (45), 55 (24);

Anal. calcd. for Cy;H,.0,: C 73.29% ; H 8.94% ;

0 17.7541; found: C 73.38% ; H 8.84%.

Synthesis of methyl 2,4-dihydroxy-6-pentylbenzoate (96)

fhe acid chloride 95 (1.1 g, 5 mmol) was mixed with 1,3~
bis-(trimethylsiloxy)~l-methoxybutadiene (1.30 g, 5 mmol) iq
dry methylene chloride under nitrogen at room temperature.
Titanium tetrachloride (2.64 g, 14 mmol) was added and the
reaction mixture was stirred at room temperatupe for 24 h.
The reaction mixture was p?ured into a 5% sodium bicarbonate
solution and. extracted with ether. The ether extract was
dried over anhydrous magnesium sulfate and evaporated under
vacuum to remove the solvent. The crude product was subjected
to flash column chromatography (eluent: ethylacetate/hexane,
20:80, v/v). The major ffaction isolated was the mephyl

olivetolate in 55% yield. Methyl olivetolate is a white solid:
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mp 65-68°C;

'M nmr (cDC1,), §: 0.73-1.45 (m, 9H), 2.68-3.00
(m, 2H), 3.82 (s, 3H), 5.78-6.05 (m, 1H), 6.13-
6.33 (m, 2H), 11.58 (s, 1H);

ir (CDC1,): 1660, 3400, 3600 cm™';

ms m/z (relative intensity): 238 (48, MT), 207 (25),

206 (94), 182 (70), 150 (100), 43 (50).

Synthesis of methyl A1“tetrahydrocannabinolate (97)

A mixture of methyl 2,4-dihydroxy-6-pentylbenzoate (96)
(0.238 g, 1 mmol), (+)-trans-p-mentha-2,8-diene-1-ol (0.182 g,
1.2 mmol) and anhydrous magnesium sulfate (25 mg, pre-dried
under vacuum) was stirred with dry methylene chloride under
nitrogen for 20 min. The reaction-mixture was cooled to 0°C
aﬂé boron trifluoride etherate (0.312 g, 22 mmol, pre-dried
by distilling over calcium hydride) was added. Stirring .
continued at 0°C until tﬁe red colour was faded (to almost
colourless in 2 h). The reaction mixture was filtered (more
dry methylene chloride was used to wash the flask) and the
filtrate was concentrated by ﬁigh vacuum. The crude product
was subjected to flaé% column chromatography (eluent: carbon
ﬁetrachloride/methylene chloride, 4:1, v/v). Fraction one was
the minor fraction containing a mixture of (+)-tfans-p—mentha-,
2,8~-diene-1-0l and a'small percentage (< iO%) of the methyi
A6-tetrahydrocannabinoate which was not isolated in pure form,

Fraction two was a colourless gum identified as methyl

Al-tetrahydrocannabinoate in 55% yield:

@
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lH nmr (CDC13);/65 0.89 (t, 3H, CH3), 1.09 (s, 3H,

V-

CH3)' 1-40-2040 (m"( le), 1043 (S, 3H’ CH3)’ 1.68
(S, 3H, CH3), 2.53""2-93 (m' 2H), 3-91 (S, ;H, OC,H3),
6.21 (s, 1H, aromatic), 6.39 (s, br, 1H, vinylic

proton), 12.32 (s, 1H, phenolic proton);
ir (CCl,): 1650 and 3400 em™L; -

ms m/z: (relative intensity): 372 (35, MT), 340 (80),

''325 (25), 257 (60), 256 (100);
la],: -188.4° (0.16 CHCl,);
Anal. calcd. for C23§3204: mol. wt. 372.4908;
found: 372.4912.

L3

Prépération of (—)—trans-Al-tetrahydrocannabinol (72)

from methyl Al—tetraﬁydrocannabinolate-

¢

The (-)—trans—Al—methyltetrahyd%ocannabinolaté (0.10 g,
was refluxed with aqueous sgdium hydroxide (25%, 5 mL) in
methanol (10 mL) for 5 h. The reaction mixture was cooled,
acidified with 1N HCl and extracted with ether. The ether
extract was dried over anhydrous magneéium sulfaté, filtered
and tne~solyent wa% removed by high wvacuum. The crude product
was subjected to flash column chromatography (eluent: ethyl ‘
$cetate/hexane, 15:85, v/v). Fraction one was the major .
fraction and was identified as (—)-trans-Al-tetrahydro—
cannabinol in 78% isolated yield: 5

200-MHz nmr (CDC13), 5: 0.88 (t, 3H, CHj), 1.69

(s, 3H, 3H, CH,), 1.40 (s, 3H, CH,), 1.26-2.33 A

(m, 11H), 1.68 (s, 3H, olefinic CH;), 2.44 (t, 2H), |

3.21 (4, br, 1H), 4.71 (s, lH, phenolic OH),
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6.10 (s, 1H, aromatic), 6.21 (s, 1lH, aromatic),

6.34 (s, 1H, vinylic);131
4): 3634 cm-l (phenolic OH)131;

uv (ethanol)l31: 275 and 281 nm;

FT-IR (CCl

. ms m/z (relative intensity): 314 (15, Mi), 299 (20, M!-CH,),
271 (6), 231 (40), 205 (45), 100 (100);

ms (TMS derivative of THC) m/z (re}ative intensity):
386 (100, MT), 371 (68), 343 (24), 330 (17), 315 (43), 303 (37), 73 (86);

93

[a]D: -170° (C 0.04 CHC13); lit. [a]D: -174°,

&

Preparation of l-ethoxy-l—-trimethylsiloxy 3-methyl

butene (108)

To a solution of diisopropyl amine (3.4 mL, 24 mmol) in
dry THF (50 mL) under nitrogen at 0°C was added n-butyllithium
(16 mL of 1.5 M in hexane, 24 mmol) dropwise. The solution was
cooled to -78°C., After 10 min a solqtion of ethyl isovalerate
(2.6 g, 20 mmol) in THF (5 mL) was added dropwise. Tﬁe
solution was stirred at -78°C for 30 min and the light low
anion was quenched with chlorotrimethylsilane (4 mL). [The
‘reaction mixture was allowed to warm to room temperatﬁre and
stirred for another hour and the Solvent was removed under
reduced pressure. The residue wag triturated with dry hexane

(150 mL) and the precipitate was removed by filtration. The

filtrate was concentrated under -vacuum to give the enol silyl
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ether as a colourless o0il. The crude product was distilled
under reduced pressure to give the pure compound in 85% yiéld: iy
bp 28°C/0.2 torr;

Y nmr (cDCly), 6: 0.11 (s, 9H, 9Si-), 0.83
(d, 6H), 0.12 (t, 38, J = 6 Hz), 2.16-2.70

(m, 1H), 3.56 (4, 1H), 3.70 (q,IZH, J = 6 Hz);

ms m/z (relative intensity)s 202 (2, MT), 147 (20),.

103 .(50), 84 (100).

Preparation of ethyl 2-isopropyl-3{oko-butanoate (107)

fke enol silyl ether 108 (2.02 g; 10 mmol) was stirred
with acetyl chloride (1.17 g, 15 mmol) in dry methylene
chloride under nitrogen for ;0 min. The reaction mixture was
cooled to =-78°C and titanium tetrachloride (2.27 g, 12 mmol)
was added and gradually allowed to warm to room temperature and
stirred for another 24 h af_;;ém éémpérature. The mixture was
poured into a 10% sodium bicarbonate solution, extracted with
“ether, dried over anhydrous magnesium suffate, filtered and
- concentrated. The crude product was subjected to fractional
distillation. The keto ester was obtained in 80% yi&ld:
116\, 36-38°C cdﬁnﬁvgdffy4;\
6: 0.87 (d, 3H), 1.00 (d, 3H), 1.10-

bp 30-32°C/0.05 torr; 1lit.

lH nmr (CDC13),

1.50 (m, 1H), 1.27 (t, 3H, J = 6 Hz), 2.23 (s, 3H), y

3.20 (d, 1H, J = 8 Hz), 4.18 (q, 2, J = 6 Hz);

ir (CCl,): 1700, 1730 em” L.
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Preparation of ethyl 2-isopropyl 3-tfimethylsiloxy-

butenoate (109)

Anhydrous powdered zinc chloride (0.2 g) was added to
triethylamine (2.02 g, 20 mmol) and the mixture was stirred
under nitrogen for 1 h at room temperafure until the salt was

suspended in the’amiﬁe. To this wai\iéded a solution of ethyl
2-isopropyl—3;oxo-butanoaté (1.72 g, 10 mmol) in 10 mL of
benzene followed by chlorotrimethylsilane (1.08 g, 10 mmol).
The rchtion mixﬁufe was stirred at 40°C for 24 h, cooled, .
] added to dry ether and filtered. The filtrate was concen-
trated and finaily distilled under reduced pressure. Fraction
one, the monosilylated compound was ob;ained in 60% yield:

bp 48-52°C/0.05 torr;. ’

h mr (CDCl,), &: 0.23 (s, 9H), 1.03 (4, 6H),

1.30 (t, 3H, J = 6 HZ), 2.05 (s, 3H), 2.73-

3.26 (m, 1H), 4.17 (g, 2H, J = 6 Hz);
+

ms m/z (relative intensity): 244 (25, M.), 229 (75),

183 (60), 130 (95), 43 (100).

Fraction two (bp 78-80°C/0.05 torr) identified as
1,3-bis(trimethylsiloxy)-l-ethoxy—-2-isopropyl buta-1,3-diene

(110) in 30% yield. Spectral characteristics of the compound

are:

s

1 5: 0.23 (s, 9H), 0.25 (s, 9H)

H nmr (CDC13L

0.93 (4, 6H), 1.17 (t, 3H), J =.6 Hz), 2.43-
2.86 (m, 1H), 3.87 (q, 2H, J'= 6 HZ), 4.10
s, 14), 4.27 (s, 1lH);
B L . +

ms m/z (relative intensity): 316 (10, M.), 301
(65), 197 (20), 73 (100).

.

has

N

N

. J
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A-one step preparation of 1,3-bis(trimethylsiloxy)-l-ethoxy-

2-isopropyl but-1l,3-diene (110)

To a solution of diisopropyl ;mine (6.8 mL) in dry THF
(100 mL) under nitrogen at 0°C was added n-butyllithium
(32 mL, of 1.5 M in hexane) dropwise. The solution was cooled
to -78°C (after 10 min) and a solution of ethyl 2-isopropyl-3-
oxo-butanoate (3.44 g, 20 mmol) in dry THF (10 mL) wa; added
dropwise. The solution was stirred at -78°C for 30 min and the
yellow anion was quenched with chlorotrimethylsilane (8 mL).
The reaction mixture was allowed to warm to room temperature
and stirred for another hour and the solvent was removed under
rgduced pressure., The residue was triturated with dry hexane
(200 mL) and the precipitate was removed by filtration. The
filtrate was concentrated under vacuum to give the bis enol
silyl ether in almost quantitative yield. The crude product
was distilled under reduced pressure (bp 80-8L°C/0.05 torr).
The spectral data were identical in all respects to those of

110 reported in the ‘previous experiment.

3

Condensation reaction of 1,3-bis(trimethylsiloxy)=-l-ethoxy-

2-isopropyl-buta=-l, 3-diene with trimethyl orthoacetate

The bis enol silyl ether 110 (3.16 g, 10 'mmol) was stirred
with trimethyl orthoacetate (1.20 g”/Tﬁ mmol) under nitrogen in
/
dry methylene chloride for 10 min. The solution was cooled to
"

-78°C and then TiCl4 (2.5 mL, 10 mmol) was added dropwise. The
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'reaction mixturé7was allowed to warm to room temperature and
stirred for 24 h,' The mixture was poured into an aqueous
sodium bicarbonate solution (lb%, 50 mL) ash extracted with
ether. The ether extracf was driea over anhydrous magnesium
.

sulfate, filtered and concentrated under reduced pressure. The
crude product was purified by fractional distillation
‘(bp 78°-80°C/0.05 torr). The compound obtained was identified
as ethyl 2-isopropyl-3-oxo-5-methoxy hex-4-encate (1lll) in 74%
yield. The spectral data for the compound are:

'8 nmr (CcDC1,), &: 0.75 (4, 3H), 0.86 (d, 3H),

0.60-1.00 (m, 1H), 1.13 (t, 3H, J = 5 Hz), 2.17

(s, 3H), 2.98 (4, 18, J = 8 Hz), 3.87 (s, 3H),

4,18 (q, 24, J = 5 Hz), 5.53 (s, 1H), vgiylic

)

proton);
_ir (ccl,) v: 1600, 1690 and 1740 en”L;
ms m/z (relative intensity): 228 (5, MT), 123 (40),

99 (50), 73 (65), 43 (100).

Condensation reaction of 1,3-bis(trimethyl siloxy)-l-ethoxy-

2-igopropvl buta-l,3-diene with trimethylorthoformate

The procedure was exactly the same as described for the
{
preparation of 11ll. The crude product obtained after workup

was subjected to flash column chromatography (eluent: ethyl
acetate/hexane, 10:90, v/v). Fraction one was ethyl

-
2-isopropyl-3,5-dioxo-hexanoate (113) in 65% yield. The

‘&

3
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corpound exists in its enol form. The spectral data for the

compound are:

'a nmr (CDCl,), 6; 0.83 (d, 3H), 0.97 (4, 3H),
0.67-1.13 (m, 1H), 1.20 (t, 3H, J = 6 Hz), 2.00
(s, 18), 2.87 (4, 18, J = 8 Hz), 4.13 (q, 2H, .
J = 6 Hz), 5.47 (s, 1H), 15.08 (s, br, 1H);

ir (CCl,) v: 1620, 1740 cm™;

ms m/z (relative intensity): 214 (5, M%), 172 (30),
130 (70), 115 (75), 43 (100); |

Anal. calcd. for CllngQ4: C 61.66% ; H 8.46% ;

0 29.87% ; found: C 61.59% , H 8.52% ; O 29.90% .

%

Preparation of ethyl 2-isopropyl-3,5-dioxo-hexanocate (113)

'
a

from diketene

Diketene (1.00 g, 10 mmol) was mixed with the enol silyl

ether 108 (2.02 g, 10 mmol) in dry methylene chloride under

nitrogen. The solution was cooled to —785C and TiCl4 (2.83 g,
15 mol) was added dropwise into the solution. The reaction
mixture was slowly allowed to warm to room temperature and

stirred for 24 h. The mixture was poured into a 5% aqueous

sodium bicarbonate solution and extracted with ether. The

. ether extract was dried over anhydrous magnesium sulfate,

filtered and concentrated .under reduced pressure. The crude
product was subjected to flash column chromatography (eluent:
ethyl acetate/hexane, 10:90, v/v). Fraction one was the
desired keto ester in 68% yield as a colaqurless oil, The
spectral data are identﬁcal in all respects to those reported

for the compound 113 in the previous experiment.

L3
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Attempted acetalizaton of 111

E

Compound 111 (3.28 g, 10 mmol) was mixed with dry
methanol (30 mL), trimethyl orthoformate (4 mL, excess) and a
catalytic amount of para-toluenesulfonic acid. The reaction
mixture was refluxed for 2£Lh. The cooled mixture was poured
into-an aqueous sgdium carbonate solution (20%, 30 mL) and
extracted with ether. The ether extract was dried over
anhydrous magnesium sulfate, filtered, concentrated and
distilled under reduced pressure. Compound 115 was obtained
as a colourless liquid (bp 68—7;°C/0.04 torr). The spectral
., data for the compound are:

1

Y

H nmr (CDCl,), 6: 0.83 (4, 3H),.1.00 (4, 3H),
0.70-~1.10 (m, 1H), 1.23 (t, 3H, J = 5 Hz), 1.43
(s, 3;1_1), 2.57 (4, 14, J = 8 Hz), 3.13 (s, 6H),
4.06 (q, 2H, J = 5 Hz):

ir (CCl,) v: 1590,.1680 and 1730 em™L,

¢ -

w

Preparation of the ethylene acetal 116 from 111

Compound 111 (2.28 g, 10 mmol) was mixed with ethylene
glycol (3 mL, e}xcess) and dry methylene chloride (30 VmL) under
nii:rogen. The solution was stirred vigorously for 15 min at
room temperature and chlorotrimethylsilane (2.16 g, 20 mmol)
was added. An exothermic reaction w;s n.oticed,. The reaction
mixture was refluxed for 20 h, cooled and poured into a 5%
agqueous sodium carbonate solution (30 mL). The methylene

o

chloride solution was separated and dried over anhydrous

«
5
g

~-
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magnegium sulfate, filtered and concentrated. The crude
product was purlfled by £lash column chromatography ﬁsind

5 ethyl acetate and hexane (15:85, v/v) as eluent. The ethylene

acetal 116 was obtained in 78% isolated yield; The spectral
‘data for the compound are:
g omy (CDCL,), &: 0.98 (d, 6H), 1.23-1.57 (m,1H),
1.33 (t, 34, J = 6 Hz), 1.43 (s, 3H), 3.00 (s, 1H),
3.07 (s, 1H), 3.40 (d, 1§, J = 8 Hz), 4.30 (s, 4H),
4.20 (q, 2H, J = 6 Hz); -
o ir (CCl,) v: 1710 and 1740 em ' “
ms m/z (relative intensity): 243 (40, Mi-CH;), 213 (10).

A
L7

Preparation of ethyl 2-isopropyl-3-oxo 5,5-bis(phenyl-
4

thio-)hexanoate (117)- -
. Benzene thiol (1.32 g, 12 mmol) was mixed with 111

‘(2 28 g, 10 mmol) in dry CCl4 {30 mL) under nitrogen. To this -
was added pyridine (2 mL)y and the reaction mlxture was stirred
for 24 h at rodm temperature. The CCl4 solution was &
evaporated and the crude p;oduct was distilled under ‘reduced
pressure to yield 84% of the dithio acetal (bp 64-68°C/0.05
torr). The spectral data. for che compound are:

'8 nmr (CDC1,), 6: 0.80 and 0.92 (24, 6H), 0.78-

1.00 (m, 1H), 1.17 (t, 34, J = 6 Hz), 2.13 (s, 3H),

3.13 (4, 1H, J = 8 Hz), 3.37 (s, 2H),t4.10 (g, 2H,
/)A/: J = 6 Hz), 7.13 (s, 10H);

" dir (CCl,) v: 1700 and 1740 em L.
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Preparation of methyl 2,4-bis(trimethylsiloxy)-pentadienoate

(122) by LDA method

Diisopropyl amine (3.4 mL, 24 mmol) was added to dry THF
(100 mL) under nitrogen. The solution was cooled to 0°C and o
n-butyllithium (16 mL, 24 mmol) was added dropwise. The “
solution was cooled to -78°C and.methyl acetopyruvate (1.44 g,
10 mmol) in.10 mL dry THF, waé added dropwise. The solution
was stirred at -78°C for 1 h and chlorotrimethylsilane (4 mL)
was added and the reaction mixture Qas warmed to room .
temperature and stirred for another hour. Then the solvent
was removed under vacuum and triturated with dry hexane
(100 mL), filtered and concentrated under reduced pressure.
The crude product was distilled under reduced pressure to give
the pure product in 70% yield (bp 72-76°C/0.04 torr). The .
spectral data of the compound are:
lH nmr (CDCl3), 5: 0,10 (s, 9H), 0.13 (s, 9H), 3.57
(s,  3H), 4.43 (&, 1H,.J = 1 Hz), 4.87 (s, 1H), 5.90 )
(d, 1H, J = 1 Hz); ‘ .
’ ir (neat) v: 1630 and 1730 cm-l:
+ ms m/z (relative intensity): 288 (38, Mf), 273 (65),
245 (60), 147 (30), 73 (100); Sa
Anal. calcd. for: C12H24O4Sizz mol wt. 288.4821;
found: mol. wt. 288.4850.

4

~

Preparation of methyl 2,4-bis(trimethylsiloxy)-pentadienocate

(122) using trimethylsilyl trifluoromethanesulfonate

Methyl acetopyruvate (2.05 g, 14 mmol) was dissolved in

dry *benzene (30 mL) under nitrogen. Triethylamine (2.90 g,

L 2
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0.26 mmol) was added and the solution was cooled to 0°C.
Trimethylsilyl triflyoromethanesulfonate (6.2 g, 28 mmol)Awas

added dropwise and the rection mixtufé‘was refluxed for 2 h

with a ;atalytic amount of anhydrous zinc chloride. The

reaction mixture was cooled and after removing the éolvent

under reduced pressure, the crude product was triturated with .
dry hexané (50 mL). The hexane solution was separated and
concentr§ted\under reduced pressure (bp.88-90°C/0.06 torr). e
The product obtained was a light yellow ?il in 88% isolated

yield. The spectral data were identical in all respects to

‘the bis enol silyl ether 122 obtained by the LDA method.

8

~Preparation of methyl 2-oxo-4-trimethylsiloxy pent-

N

3-enocate (121)

Anhydrous powdered zinc chloride (0.2 g) was added to
triethylamine (2.02 g, 20 mmol) and the mixture was stirred
under nitrogen for 1 h at room temperature until the salt was
suspended in the amine. To this was added é solution of .
methyl acetopyruvate (1.44 g, 10 mmol) in dry benzene (10 mL),
followed by chlorotrimethylsilane (1.08 g, 10 mmol). The
reaction mixture was stirred at 40°C for 24 h, cooled, poured
into dry ether (100 mL) and filtered. The filtrate was
concentrated and distilled under reduted pressure. Fraction
one (bp 60-62°C/0.1 torr) was the monosilylated compound 121

in 58% yield. Fraction two was identified as methyl 2,4-

Al
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bis(trimethylsiloxy)-pentadienoate (122). The spectral data
of 121 are:
© gy e (CDC1;), 6: 0.20 (s, 9H), 1.87 (s, 3H),

3.67 (s, 3H), 6.07 (s, 1H).

Synthesis of methyl (2—hydfoxg;6—methoxy carbonyl-4-methyl

phenyl-l-oxoacetate/(124)

The bis enol silyl ether 122 (1.44 g, 5 mmol) was mixed
with 121 (1.08 g, 5 mmol) in dry methylene chloride under
nitrogen. The reaction mixture was stirred at room
temperature for 20 min and TiCl, (2127 g, 12 mmol) was added.
The reaction mixture was stirred at room temperature for 24 h
and poured into a 20% solution of aqueous sodium bicarbonate
(30 mL). The mixture was extracted with ether. The ether
extract was drie§ over anhydrous magnesium sulfate,‘kiltered
and concentrated. The crude product was subjected to flash
columﬁ chromatography (ethyl acetate alone). The product
obtained was an orange solid (Gi% yield). The cohpound was
recrystallized from CCl4 (mp 138-140°C). The spectral data of
ghe compound are: "

1y nmr (CDCl,), 6: 2.20 (s, 3H), 3.83 (s, 3H),

3.90 (s, 3H), 6.47 (s, 1H), 6.90 (4, 1H, J = 2 Hz),

8.13 (m, 1H); -

ir (ccl,) v: 1550, 1730, 3610 cm™*;

ms m/z (relative intensity): 252 (20, M%), 193 (1009,

133 (5), 77 (10); ’

Anal. calcd. for C,,H,.,O_: C 57.16 %; H 4,79 %;

1271276
O 38.07 $; found: C 57.22% ; H 4.g9% ; O 38.15% .

-
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Preparation of 3-phenylthio-crotonyl chloride (lé8)

119 (1.904 g,

The . acid of B-Ehenylthio-crotonic acid
10 mmol) was dissolved in dry benzene (20 mL) under nitrogen.
Oxalyl chlo?ide (1.27 g, 10 mmol) was added dropwise to the
apove solution. A brisk effervescence was noticed. The
reaction was followed by GLC and was completed fn half an
hour. The solvent was removed by high vacuum and the title

compound was obtained in almost quantitative yield. The

compound was unstable.  The spectral data of the compound

L}

ares

"o nmr (cDC1;), 6: 2.40 (s, 3H, Me), 5.10

(s, 1H), 7.43 (s, 5H, aromatic).

Preparation of ethyl-2-isopropyl-3-oxo-5-phenylthio

hex-4-enocate (129)

The acid chloride 128 (2.28 g, 10 mmol) was -dissolved in
dry methylene chloride (100 mL) and the enol silyl ether 108
(2.02 g, 10 mmol) was added dropwise. The reaction mixture
was allowed to warm to room temperature and stirred for 24 h.
The mixture was poured into a 5% aqueous sodium bicarbonate
solution and extracted with ether. The ether extract-was
d?ied and concentrated under reduced pressure., The crude
product was distilled to givé'the title compound as a mixture

of geometric isomers in 70% yield (bp 146-148°C/0.01 torr).

The spectral characteristics of the compound are:
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8 nmr (cDC1,), 6: 0.67 (4, 3H), 0.83 (d; 3H), °
" 0.88-1.50 (m, 1H), 1.10 (t, 3H, J = 6 Hz), 2.33

(s, 3H), 2.87 (4, 1H, J = 8 Hz), 3.93 (q, 2H,

J = 6 Hz), 5.67 (s, 1H), 7.33 (s, 5H);

ir (ccl,) v: 1600 br, 1670 and 1730 br em™ L.

Preparation of 3-benzyl thio-crotonyl chloride (131)

The acid 130llg (2.09 g, 10 mmol) was suspended in dry

benzene (50 mL) and oxalyl chloride (1.27 g, 10 mmol) was
added. The reaction qé;ture was ;efluxad for 1 h, cooled and
the solvent was removed in wvacuum, when the title compound was
obtained as a mixture of geometric isomers in the ratio 50:50
in quantitative yifld. The acid chloride thus obtained was
90% pure. Being very unstable it could not be purified
further. The spectral data of the compound are:

4 nmr (CDCla), (two isomer$)76: 2.20 and 2.33
(28, 6H, isomeric methyl), 4.00 and 4.07 (2s,
4H, isomeric methylene proton), 5.83 and 6.03

(28, 2H, isomeric vinylic proton), 7.27 (s,

10H, aromatic proton).
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Preparation of ethyl 5—benzylthio—2iisopropyl—3 one-

hex—4—enoate (132)

1N

The acid chloride 131 (2.26 g, 10 mmol) was dissolved in

dry methylene chloride under nitrogen. The enol silyl ether

108 (2.02 g, 10 mmol) was added and the reaction mixture was

cooled to -78°C and TiCl4 (2.26 ¢, 12 mmol) was added

dropwise. The reaction mixture was allowed to warm to room
temperature and stirrea for 24 h. The mixture was poured into
a 20% sodium bicarbonaté solution and extracted with ether.
The ether egtract}was-dried over anhydrous magnesium sulfate,
filtered and concentrated. The grude product was obtained as-—
a mixture of geometric isomers (F:Z = 75:25) in 80% yield
(comﬁfhed). The cgude product was subjected to flash column
chromatography (eluent: ethylacetate/hegane, 15:85, v/v).
Fraction two was assigned to the E stereochemistry and

fraction 3 was assigned to the Z stereochemistry on the basis

of NOE experimentlzo’lZl. The spectral data of the compounds
are:
E~-isomer

8 nmr (CDCly), 6: 0.43(d, 3H), 0.60 (d, 3H),

0.40-0.65 (m, 1H), 1.23 (t, 3H, J = 6 Hz),
2,33 (s, 3H), 3.03 (4, 1H, J = 7 Hz), 4.00

(s, 2H), 4.06 (q, 2H, J = 6 Hz), 6.11

(s, 1H), 7.33 (s, 5H); .

ir (CC1l,) v: 1560 br, 1670 br and 1730 cm .



Z-isomer
1

0.88-1003 (m' lH)’ 1;27 (t’ 3H’ J = 4 HZ),

2.30 (s, 3H), 3.17 (4, 1H, J = 8 Hz), 4.07
(s, 2H), 4.17 (g, 2H, J = 4 Hz), 6.37 (s, 1H),
7.27 (s, S5H):

ir (CCly) v: 1535, 1650 and 1730 cm™,

I

Preparationrof ethyl 3-phenylthio-2-isopropyl but-2-

enoate (140) o

To a stirred solution of ethyl 2-isopropyl-3-oxo-
butanoate (107) (1.6l g, 9.36 mmol) and thiophenol (1.03 g,
9.36 mmol, 0.96 mL) in dry methylene chloride was added solid
P205 (2.65 g, 18.7 mmol). The reaction mixture was stirred
for 18 h and the methylene chloride solution was separated
fromW;he residue by centrifugation. The residue was washed
with methylene chloride (20 mL) and the combined methylene
chloride solution was washed with a sodium hydroxide solution
(10%, 15 mL) followed by a satuf§§;d sodium chloride solution
(30 mL). The méthylene chloride solution was dried over
potassium carbonate solution, filtered and concentrated under
vacuum, The crude product was distilled under reduced

pressure yielding 70% of the desired product (bp 100-104°C/

0.05 torr). The spectral data of the compound are:

16l
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7 M omr (cocly), 61 1.13 (4, 6H), 1.90 (t, 3H,

J

6 Hz), 3.07-3.67 (m, 1H), 4.27 (q, 2H,

J

6 HZ), 7.30 (S, SH); ! N

ir (CC1l,) v: 1720 cm L.

4

Preparation of l-trimethylsiloxy—-3-phenylthio~-l—ethoxy-

2-isopropyl buta-1,3-diene (141l)

-~

Diisopropyl amine (3.4 mL, 12 mmol) was mixed with tetra-
hydrofuran (50 mL) under nitrogen. The solution was cooled to
0°C and n-butyllithium (8 mL, 12 mmol) was added dropwise.

The solution was cooled to ~78°C and the vinyl sulfide

(3.16 g, 12 mmol) was added dropwise. The reaction mixture
was stirred at ~78°C for 10 min and TMSCl1 (2 mL) was added.
The solution was stirred again for another 10 min and allowed
to warm to room temperature. The solvents were removed under
vacuum. The product was triturated with dry hexane (50 mL),
filtered and concentrated under vacuum. The compound was

1

unstable. The spectral data of the geometric isomer are:

lH nmy (CDC13), 6: 0.30 and 0.33 (2s, 18H, isomeric

>5-0O-protons), 1.00 and 1.13 (2d, 12H, isomeric
methyl protons) 1.33 and 1.37 (2t, 6H), 2.36-3.13
(m, 2H), 3.9 and 4.20 (2q, 4H), 4.7, 4.80, 4.93 and
4,98 (4s, 4H, isomeric vinylic protons), 7.13-7,67

(m, 10H, isomeric aromatic ring protons).
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Condensation reaction of 141 with trimethyl orthoacetate

The enol silyl ether 141 (1.68 g, 5 mmol) was mixed with
trimethyl orthoacetate (0.6 g, 5 mmol) in dry CH,C1, (20 mL).

The solution was cooled to -78°C and TiCl4 (0.95 g, 5 mmol)

-was added dropwise. The solution was allowed to warm to room

temperature and stirred for 24 h. The rgaction mixture was
poured into a 5% aqueous'sodium‘bicarbonate solution and
extracted with ether. The ether extract was dried over
anhydrous MgS0y,, filtered and concentrated under reduced
pressure. The crude product wa; subjected to flash column
chromatography (eluent: ethylacetate/hexane, 10:90, v/v) to
give the ethyl 2-isopropyl-3~phenylthio-5-oxo-hex-2-encate (142) in
50% yield. The spectral data of the compound are:

' nmr (cDC1,), 6: 1.16 (d, 6H), 1.27 (t, 3H,
J =5 Hz), 2.00 (s, 3H), 3.27 (s, 2H), 3.10-3.36
(m, 1H), 4.17 (q, 24, J = 5 Hz), 7.23 (s, 5H):
ir (CCl,) v: 1700 and 1720 em™L;

ms m/z (relative intensity): 306 (25, Mt), 261 (28),
155 (75), 109 (100).

1]

Attempted acetalization of 142

"The compound 142 (1.53 g, 5 mmol) was dissolved in dry

methanol (50 mL) under nitrogen and the trimethyl orthoformate

(3 mL, excess) was added followed by a catalytic amount of
para—toluenesulfonic acid. The reaction mixture was refluxed

for 20 h, cooled and poured into a 5% aqueous sodium carbonate
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solution. The product was extracted with ether, dried over
anhydrous M@SO4, filtereg and cbnceﬁ%rated under reduced
pressure.. The crude product was a solid which was
recrystallized from petroleum ether to give a light yellow
crystalline compound (mp 106-107°C). “The spectral data of the
compound 144 are:

4 nmr (CDC1,), &: 1.40 (4, 6H), 2.05 (s, 3H),

3.10-3.57 (m, 1H), 5.40 (s, 1H), 7.48 (s, 5H);

ir (CCl,) vs 1630 and 1710 cm *;

ms m/z (relative intensity): 260 (75, MT), 245 (95),

232 (60), 217 (80), 183 (100); : '

Anal. calcd. for C B, 0,8: C 69.20% ; H 6.20% ;

0 12.29% ; € 12.32%°; found: C 69.32% ; H 6.29% ;

0 12.35% ; S 12.45% .
P

/“.N\ /_// h
5
"/
Prepara%ieg of ethyl 3-benzylthio-2-isopropylbut-

2—enoaté\Ll45)

The keto ester 107 (1.61 g, 9.4 mmol) was dissolved in
dry methylene chloride (50 mL) under nifrogen. ‘Benzyl thio

(1.24 g, 10 mmol) was added and the reaction mixture was

stirred at room temperature for 30 min. Solid PZOS (2.64 g,

18.7 mmol) was added to the above reaction mixture and was
again stirred at room temperature for another 20 h. The
meth&lene chloride soldtiqn was' separated by centrifugation
and the residue was washed once with CH2C12 (20 mL). The
combined methylene chloride solution was washed with an
aqueous NaOH solution (10%, 20 mL) followed by saturated
sodium chloride solution (20.mL). The solution was dried over

potassium carbonate, filtered and concentrated under reduced
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pressure to give'the title product in 68% yield (bp 118-120°C/
0.05 torr). The spectral data of the compound are:

'H mr (cDC1,), (isomers) &: 7.33 and 7.36 (2d,
12H, isomeric methyl protons), 0.93 and 1.00
(2t, 6H), 1.76 and 1.80 (28, 6H, isomeric vinylic
methyl proton), 2.43-3.27 (m, 2H), 3.66 and 3.73
(28, 4H), 3.80 and 3.87 (2q, 4H), 6.93 (s, 10H);

ir (ccl,) v: 1720 br em™t;

~

ms m/z (relative intensity): 278 (5, MT), 233 (10, Mf—QCZHS)

187 (60, MT-CH2¢), 91 (100).

Preparation of ethyl 2-isopropyl-3-phenylthio-5,5-

dimethoxyhex—2-enoate (143)

Thé enol silyl ether 141 (0.524 g, 2 mmol) was mixed with
trimethyl orthoacetate (1 mL, excess) in dry methylene
chloride under nitrogen and a catalyé@c amount of ;inc
chloride was added. The reaction mixture was stirred at room
temperature for 24 h. The crude éroduct was filtered and
concentrated under reduced pressure. The product was formed
in 75% yield (from the nmr of the crude product). The
cbmpound was very unstable and attempts to purify the compound
by column chromatography or distillation resulted in the
decomposition of the product. The spectral data of the
compound are: "

'8 nmr (cDe1,), 6: 1.00 (4, 6H), 1.23 (t, 3H, J =

4 Hz), 1.43 (s, 3H), 2.43 (s, 2H), 1.96-2.80 (m, 1H),

gy



7.10 (s, 5H).

‘

-
Condensation of 143 with the bis enol silyl ether 122

The bis enol silyl ether 122 (1.44 g, 5 mmol), was mixed
with 143 (1.68 g, 5 mmol? . in dry methylene chloride. The
solution was cooled fto -78°C and TiCl4 (2.27 gy 12 mmol) was

added dropwise. The reaction mixture was warmed to room

166

temperature and stirred for 24 h. The mixture was poured into

a 5% aqueous sodium bicarbonate solution and extracted with

ether. The ether extract was dried over anhydrous MgSO4,

J

filtered and concentrated. No expected aromatic compound was

detected in the nmr of the crude product. 60% Of the compound

142 was recovered and the rest was a polymerized mass.

Attempted in-situ ‘'synthesis of 104 -
The bis enol silyl ether 122 (1.44 g, 5 mmol) was mixed
with trimethyl orthoacetate (0.60 g, 5 mmol) in dry methylene
chloride (100 mL) under nitrogen. The solution was cooled to
-78°C and TiCl, (1.13 g, 5 mmol) was ;dded dropwise. The
regction mixture was allowed éo warm to 0°C and the bis enol
silyl 110 (1.58 g, 5 mel)_Qas added followed by titanium

tetrachloride (2.26 g, 12 mmol). The‘reactién mixture was

allowed to warm to room temperature and s%irred for another
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28 h. The crude reacéibn mixture was poured into an agueous
sodium bicarbonate solution (20%, 50 mL) end egtracted with
ether. The ether extract was dried over anhydrous MgSO,,
filtered and concentrated under reduced pressure. The crude
product was subjected to flash column chromatography (eluenzz
ethyi acetate/hexane, 10:90, v/v). Fraction one\was ,

identified as 2-isopropyl—3-bxo—butanoate (107) and fraction

two was lll by comparison with the spectral data reported

earlier for thege compounds.

Preparation of -methyl 3-oxo-5-methoxy hex-4-enoate (146)

W

Trimethyl orthoacetate (4.80 g, 40 mmol) was dissolved in

dry methylene chloride (50 mL) under nitrogen and cooled to

67

e

¥

-78°C and T1Cl4 (2.16 g, 10 mmol) was added dropw1se followed

by the bis enol silyl ether 68 (2.60 g, 10 mmol). The

' T j
reaction mixture was allowed to warm™~to0 room temperature and

L

stirred for 20 h. The mixture was poured into a 5% aqueous

sodium bicarbonate solution and extracted with ether. ;The‘
}

eth%p extract was dried over anhydrous magnesium sulfdtef

filtered and concentrated under reduced pressure. The crude

i —_— -

product was subjected to flash column chromatography (eluent.

’\

ethylacetate/hexane, 20:80, v/v). Fraction three was ;he

title compound in 62% yield. The product{ was distille@ under
! \‘:3 7
] p

"



)

[

- in 70% yield: : ‘
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reduced pressure (bp 74-76°C/0.05 torr). The spectral éata of

the compound’a}e:

ly nmr (CDC1,), 6: 2.27 (s, 3H), 3.40 (s,” 2H),

31063 (S’ 3H), 3067 (S, 3H), 5-4113 V(S’ lH); -
‘ms m/z (relative intensity): 172 (25, Mf), 140 (5),,

99 (100), -59 (45); R //
; / ﬂn\\\\

Anal. calcd. for C8H1204: mol. wt. 172:1802;

#tound: mol. wt. '172.1808.

o N

'

a
.

L ' ‘\\\\h ‘
Preparatioﬂ of méthyl 3,5,5-tri ethoxy—hexi3-enoate (148)

; Compound 146 (3.44 g, 20 mmol) was dissolved in dry
/ .

CH,CL, (20 nL) and trimethyl orthoformate (10 mL) was added

2

followed by a catalytic amount of para-goluenesulfonic acid.

L

The reaction mixture‘was refluxed for 24 h, cooled and poured
uinto an aqueous sodium carbonate solution (30 mL). The
;product Qas extracted with ether. ﬁThe ether ext;act was dried
over anhydrous hagnesium sulfate, filtered and concentrated
under‘redubed‘pressure. The crude product was distilled under

a

,reduced pressure (bp 75-76°C/0.04 torr) to give the acetal 148

o

-

4 amr (CDC13), 6: 1.23 (s, 3H), 3.17 (s, 6H),

¥.2 (s, 3H), 3.57 (s, 2H), 3.60 (s, 3H), 5.03

. (s, 1H);

“ms m/z (relative intensity): (MT) not detected, N

187 (30) and 89 (100)7

Y

Xnal. calcd. for ClOHlBOS:_C 55.03% ; H 8.31% ;

0 36.66% ; found: C 55.15%

—

H 8.42% ; 0 36.71% .

~e

o
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Condensation reaction of methyl 3,5,5-trimethoxy—-hex-3-enocate

148 with methyl 2,4-bis(trimethylsiloxy)-pentadienocate (122)

The acetal 148 (0.436 g, 2 mmol) was dissolved in dry
methylene chloride (30 mL) under nitrogen. The solution was
cooled to -78°C and TiCl, (0.756 g, 4 mmol) was added followed
by the addition of the bis enol silyl ether 122 (0.576 g, ‘
2 mmol). The feaction mixture was allowgd to warm to room
temperature and stirred for another 48 h. The mixture was
poured into an aqueous sodium bicarbonate (20%, 20 mL)
solution and extracted with ether. The ether extract was
dried over anhydrous magnesium sulfate, filtered and
concentrated under reduced pressure. _ The érude product was a
light yellow solid. The compound thﬁs obtainéd was purified
by flash column chromatography (eluent: methylene chloride).
After collecting the first fgéction, ethyl acetate was used as
eluent to collect the second fraction. Fraction one was
l-carbomethoxy- 8-hydroxy benzopyfan-S-one (150) isolated as a
colourless crystalline compound in 55% yield. The compound
was rec;ystallized from cyclohexane (mp 158-159°C). The

spectral data of the compound are:
'8 nmr (cDCly), 6: 2.31 (s, 3H), 3.83-(s, 3H),
6.72 (s, 1H), 6.85 (s, 1H), 7.24 (s, 1H), 10.65

(s, 1H); ) N & R

ir (CHCl,) v: 1680, 1720, 3400 cm™ %

ms m/z (relative intensity): 234 (100, M}) and 175 (40,
ul-coocH;) , 119 (25).
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3¢ nmr (cDCl,), 6: 22.14, 52.89, 105.16, 113.52,
118.75, 119.08, 134.88, 142.49, 149.50, 160.29,
161.64, 164.61;

Anal. calcd. for C,,H, O .: mol. wt. 234.6327;

127°1075°
found: mol. wt. 234.0589.

APT Pulse seq,uencelzs_130 for 150

APTPS § (CDC13): 22,19 (negative, ggs),

52.95 (negative Ogé3); 105.16 (positive),

113,54 (negative), 118.51 (negative), 134.84
(positive), 142.44 (positive), 149.53 (positive),
161.56 (positive).

. Fraction two was l-carbomethoxy-8-methoxybenzopyran-3-
one (151) isolated as a light yellow crystalline solid. The
compound was recrystallized from methanol and gave a melting
point of 198-200°C (yield 25%). The spectral data of the
compound are: /

4 nme (CDC1,), 8 2.40 (s, 3H), 3.82 (s, 3H),

3.93 (s, 3H), 6.81 (s, 2H) and 7.23 (s, 2H);

ir (CHCl,) v: 1720 and 1740 cm1;

ms m/z (relative intensity): 248 (100, MT),

233 (20, MI-CH,) and 189 (45, MI-COOCH,);

L3¢ nmr (epcly), i 22.1, 52.78, 56.34, 87.14,
112,17, 113.74, 119.99, 137.6, 138.21; 143.57,
147.67, 160.83 and 161.69;
Anal. calcd. for C13H1205: mol. wt. 248.0684;

found: mol. wt., 248.0665.
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Preparation of 8-hydroxy benzopyran-3-one-l-carboxylic

acid (152)

The ester,i§9_(0.23 g, 1 mmol) was dissolved in methanol
(10 mL) and aqueous sodium hydroxide (10%, 5 mL) was added.
The solution was stirred at room temperature for 10 min and
acidified with hydrochloric acid. The product was extracted
with ether, the ether extract was dried over anhydrous
magnesium sulfate, filtered and concentrated. The crude
product was a light yellow solid, recrystallized from
petroleum ether giving quantitative yield of the acid 152.
The compound melts at 26W-265°C. The spectral data of the

14

compounds are:
lg nmr (DMSO—dG‘): 2.5 (s, 3H), 6.9 (s, lH),

7.1 (s, HY, 7.60 (s, 1H), 10.7 (s, 1H);

ir (KBr) v: 1695, 1725, 3200 br and 3600-3400;

ms m/z (relative intensity): 220 (100, M:), 175 (35,

Mt -coon), 119 (98), 65 (60);

Anal. calcd. for: CllHBOS: mol. wt. 220.0371;

found: mol. wt. 220.0332.



CLAIMS TO ORIGINAL WORK /

A new method for the preparation of acetals using -

chlorotrimethylsilane was developed. The new procedure can be

carried out under mild conditions utilizing readily available - ' -

chemicals.
Two isomeric methyl olivetolates were synthesised for the

first time from acyclic precursors utilizing the cyclo-

.aromatization procedure.

A new method for the synthesis of olivetol was developed.
This synthesis provides a shorter route to olivetol from
acyclic precursors.

A new biomimetic synthesis of A1-THC was developed. This
synthesis demonstrates the poténtial of being a general
approach tb the synthesis of phenolic natural products with a
m-cresol skeleton.

A new method for the synthesis of poly B-carbonyl
compounds using diketene and enol 511;1 ethers was developed.

The: possibility of synthesising gossypol by the cyclo-

aromatization method was ipvestigated.
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