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Chemistry 

\ 

SYNTHES'IS OF PHENOLIC NATURAL PRODUCTS 
( 

\ 
\ 
'~ .. , 

A new metl10d for the acetalization of carbonyl compounds 
~ -

usdng chlorot~imethylsilane under mild conditions is . 
r , ~ . 

described. Carbonyl compounds' are acetal ized by ethy lene 

glycol with chlorotrimethylsilane. 
, , 

Two isomeric methyl olivetolates were synthesised by the 
~ \ 

condensation of 1~3-bis(trimethylsiloxy)-1-methoxybutadiene 
, . -

wi th the' corresponding electrophilic components. This \ . , 

, .' 
rea,ction has clearly indicated the discriminati 'I.e beh-ev,iour 

i ... ~ 

of l,3-ôis{trimethylsiloxy)-~-methoxybutadiene towards 

diffarent electrophilic sites thus leading to regio-
, . 

selecti vi ty. 

A new ptethod for ,the synthesis of oli vetol is described ." 

This method provides a shorter route to olivetol from acyclic 

precursors. 
\ 

A new synthes is of fj Ltetrahydrocannabinol i5 described. 

The synthesis is patterned after biogenetic considerations. 

A new method for the synthesis of poly ~-carbonyl 

'i compounds using dikJ,tene and enol sily1 ethers is described. 

1 The possibility of synthesising gossypol by the C~~lO-
arornatization procedure was investigated. 

f" 

i 
\ 

1 

' . 
1 

• 1 

/ 

. \ ' 

" 

. 1 



PbD 

, 1 

RESUME 

Thomas Chaly 

'SYNTHESE DE PRODUITS NATURELS PHENOLIQUES 
1 
Il 

· . 

Chiinie 

,\ 
1,1 

Nous décr~vons ici une nouvelle méth'ode, d' acétallisation 
\ 

de composés caf'bonyles, sous conditions douces, qui utilis.e le 

triméthylchlorosilane. Les composés carbonyles sont 
\ \ 

aœtaJ.lisés par l'éthylène glycol avec du trirnethylchloro-

, 
\ 

/ 
/ 

\': ) 
synthétisés \\ 

par :ondensation du bis (trirne_thy~siloxy) "::',1, 3 rnethoxy-l 

silane. 
'< 

De ux oli veto lates de méthyle isomères ont été 

butadiène avec les composés électrophiles correspondant .. 

Cette réaction a clairement mis en évidence le comportement 

di scriminatif du bis (trimethylsj,loxy) -1,3 methoxy-l butadiène 

envers les différents sites électrophiles, conduisant ainsi à 

la régioséleetivité. 

Nous décrivons par la suite une nouvel\e méthode de 

s~nthèse de l'olivetol. 
1 

Cette méthode fournit une route plus 
\ 

courte pour l'oli vetol à part~J; de précurseurs acycliques. 

Ùne nouvelle synthè se du /::, 1-té trahydrocannabinol éft 
\ 

décrite. \ 

Nous décrivons aussi une nou;~1.1e méthode pour la \ 

synthè se de composés poly ~ ca;t"bonylés utilisant le d{cétèà~ 
, - \ , 
et des éthers-énoliques silile s. " 

Enfin la possibilité de synthétiser le gossipol par une 
b 

procédure. de cycloaromatisation a été examinée'. 
1 
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I. INTRODUCTION 

A. KINDS OF PHENOLIC COMPOUNDS 

Naturally. occurring phenolic compo~nds were studied 

e;tensively 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' distrrbuted in nature from micro-

organisms to higher plants and anim~ls. Flavonoid.s, terpene s, .- /' 

couunon}lasses of 
"-

coumarins, tannis, etc., are sorne of the -. , '\,:," 
plant phenolics l • 

The division into groups of plant phenolics is based on 
o • 

structural ground and upon information gained subsequently 
, 

from the study of biosynthetic pathways. ., A classification of 

these plant phenolics based on their carbon skeleton was put 

forward by Harborne and Simmonds 2 in 1964. AlI, the phenolic 

compounds were found to have a basic aromatic nucleus with 

side chain of 3, 4 or 5 carbon uni ts or another ring. Thq~ 

the Key structure in this classification of the first group is 

the C6 -C 3 skelet,on. A typical exam.ple of this class of 
,;, ....... 

compound is the coumarin (l:) . 

H 

1 

- l '," 

.. 



o 

o 
2 

The flavonoids comprise the largest single family of 

oxygen ring ph,enolic natural compounds. They are known as 

plant pigments. All these flavonoids contain a basic skeleton 

of C6eC3eC6 unit. The flavones apigenin (~) and luteolin (1) 

Me 

H H H / 

2 3 

are widely distributed in angiosperms. The ph~roglucinol 

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

wheat 3 ) 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 

H H 

H H 

4 5 

" 
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• 

, 3 

. 
shikimic acid pathway leading to the Fhenylpropane-type 

'r 

co~pounds. Phenolic compounds of the qenzoquinone, 

naphthaquinone and anthraquinone types are also found in 

nature. Among the se , 'the anthraquinones are the Most numerous 

and Most widely' distributed in higher plants and fungi. 

Emodin 6 is a well-known example of this class'of compound. 

H 

These naturally occurring phenolic compounds are believed to 

be of polyketide originS and are often st~ucturally 

distinguishable by the presence of substituènts in the two 

benzenoid rings' of the anthraquinone nuclei. 

Tetracyclines and anthracyclines' a;re among a group of 

.closely related naturally occurring phenolic compounds with, a 

considerable amount of t~erapeutic value as antibacterial and 
, 

anticancer agents. Ma~y naturally occurring tetracyclines 

have been isolated. Oxytetracycline (1) is an example of this 

o ///c'rass 6 • The anthracycline antibiotics daunomycin (~) alld r 
/ - , 78 

.~ andriamycin (~) aFe important antitumor d~ugs' Chalcones 

------------ , " ~, 

1 
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are aiso naturally occurri,ng phenolicr comp,ounds having the 

5 

generai structure C6 .C3-·c6 • Phloridizin (10) is an example of 

dihydrochalcones. 

H 

10 

Even though l-:-dihydroxybenzenes are Iess common in nature, 

the 2,4-dihydroxybenzoic acids are weIl known. Orsellinic 
l' 

acid (11) is the most important of them aIl. The acid (11) 

corresponding t~ 5-n-pentylresorcinol (olivetol) (13), is 

prenylated in Cannabis Sativa and with modification yields 

the cannabinoid group of natural phenolic compounds. 

OOH 

H H 

\ 



. ' 

\ 

H H 

13 -

The tn-hydroxybenzene system arises from pblyketide cyclization 
f 

and is quite common in nature. Phenolic compounds of this kind 

are frequently found incorporated into terpenoid residues and 

h d h l-u-.. d 'd 9 d suc compoun s ave ~en terme meroterpeno~ s , an occur' 

with great structural variety. In the simplest forrn,~ such ... 
units comprise acyclic prenyl substituents as in 14 and 15. 

. . 
~' 
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7 

The çharacteristic feat~re of plant phenols derived from 

10 s\likJmic acid pathway is the p'attern of hydroxyl group 

~ 

present in the aromatic rings. Almost invariab1y a single 

''\ 
phenolic hydroxyl group, if present, is located ortho or para 

to the carbon substituent. Thus, p-coumaric acid (16) is a - " 

.common plant phenol. Several natura1ly occurring phenoli~ 

glycosides have been isolated. There are two types of 

OOH 

" 

H 

1 
glycosides, namely, O-glycosides and C-g1ycosides., found in 

nature. Even though the' principal form of combination of 

phenols and sugars is that of O-g1ycosides (e.g. IL and 18), 

several C-glycosides have been identified. Of these, vitexin 

11 (19) is probably the best known example. Plant stillbenes 

are a relatively small group of natural plant phenols found 

throughout th? plant kingdom,Ofrom algae to conifers l~ . The 

pentahydrc;>xystillbene (20) was isolated from "vouacoupa 

macropetala Il • 

. " 
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B. BIOSYNTHESIS OF PHENOLIC COMPOUNDS 

Naturally occurring pnenolic compounds are believed to be 

"/ 
formed\~ by two important biosynthetic pathways, namely the 

shikimic acid and the polyketide 13- 1S The formation of 

aromatic compounds from carbohydrates via the shikimic acid 

pathway was demonstrated by Davis 16 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 Neish 17 • In the shikimate 

pathway18, the l'ni tial step is the condensation of phosphoenol 
) 

pyruvate (~) and erythrose 4-phosphoric acid (~). Even 
, 

though the intimate mechani~m of the various ste~are net 

wholly understcod, the enzymes participating in the reactions 

;~.' 19 • ~'" have been stud1ed weIl • The formation of the sh1kimic aci'd' ~ 

(23) by this pathway i6 given in Sche~ I.I 
-~ 

The second most impo~tant pat~~y which poly 
" ~ 

.... "''-' .... , 

functional aromatic compounds are synthesi~ed jn nature is the 
., -....--...... 

"'-, 
acetate-polyketide patliway exemplified by Schemè--,I.'2~ The 

, "'~~, ' 

formation of .aromatic nuçleus in nature from acetate ùnit' .... was 

first proposed by collie
20 

on the basis of his Observatio~:~ 
that diacetyl acetone (~) would cyclize under strongly basi~ "­

conditions to orcinol (25) and under milder conditions to the'~ , 

'"" , ~ naphthol 26 as in ,~cherre 1.3. Since then, a number of people 
, 

have investigated this topie with a great dea1 of' 

. 21-25 1nterest • 3-Hydroxy phtha1ic acid (~) is' an example of 

r 
,. 

-, 
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. . . 
, . 

COOH 
" 

C=O 

bH2 

NO ',1 
,-"2 Pi H~CH 

--_"-!'~....::;.....--....:a.. ~ , 
·c 

phospho-2-keto- 3 . deoxy- CH~H 

heptonate aldolase l ""_ 
CH-OH '" 

S-dehydro­
H quinate 

dehydra tase 

shikimate 
dehydrogenas e 

- ~e 
~NADPH NADP HO" 

,,\ 

bH
2
0P0

3
H

Z 
" , 

~ . dehydro-
. ~ qui na te 

" 

H 

~ synthasè 
~Q.OH 

H 

shikimate 
kinase 

T\ 
ATP ADP 

Pi 

) 

10 ~ 

, . 

, 
j 
! 



l prephena te 
dehydratase 

QCH,~-COOH 

l trans:minase 

Q-c~CH-COOH 
, 1 

;' NH2 
f 

phenyl alanine 
i 

1 
1 

TRVPTOPHAN 

P -Hydroxyphenyl pyruvate 

l 
H~·7~-COOH 
~'611H2 . 

tyrosine 

Scheme r.l (cçnt'd) 

1 " 1 

1 
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CH -C -So»A 3 • 

, 

""0 CoA CoA 

,OH 

Co~ 

( 

... 

Scheme 1·2 
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~ 
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:> 
H 

~ 

--:;: 

Sche~ l.3 

a simple 'phenolic corupound deri ved from a pol;r.ketide. 'The" . . 

13 

bi,osynthe's,is' of co~pounâ ~ wa~ studied by Gatenbeck2~ using" . 
• • ~ ••• ,...J"", "'.... <' • • ~ 

.14~-label·~~.!19' based on tne 1~C-distribution in 3-}\ydroxy-
-

phthall.c acid, 'isoLated fro~ penicillium islandièum, . grown on 
-< -
~-" . ' 

CH3' l4COONa.- Th~ 3-hydroxyphthalic acid was isolated .and i ts 

-.14c ... distril:~ution ~cCording to the radioacti ve patt~rn showeâ a 

;; strict conformity to the acetate the ory. Gat~nbeck and-

." 

, . 



, .... /, 14 

." 
) 

• OOH OOH 

OOH 

> 

Scheme 1.4 

< -

producin~ fùngu~_chaetomium cochliodes paIl. 
'" :: 6 

- 18 
The O-content 

in the carboxyl- group and in.the hydroxy groups 'of orsellinic 

'" < < 

acid was determihed. A high degree o~' incorporation was 
18 -'-

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

• 1 



", 

~I 

J 

,1' 

J , 

15 

each hydroxy group. The~e results confirm the,postulated 
, 

~direct condensation of the activated tetraketide 29 as an 

intermediate in the biosynthesis of orsellinic acid. 

--_/ 

Scheme I. 5 

The oxygenation pattern in scytalone (l!) shows a 

pentaketide origin as in 30. This was ~onfirmed by the 
1 

," '. 28 29 
labelling technLque ' using 13c as the labelling isotope. 

In the 13C nrnr spectrum af scytalane produced in the presence 

of sodiu~ [l-13 C]-acetate the signals dué to Cl' C3 , C4 , C6 

and Ca are enhanced to about twice the natural intensity thus 

confirming the pentaketide origin. 

.. ' 

OOH 

30 -
H 

1 ,,, 
< 

./ 
q 



,.r .,JO< 

<. 
1 

16 

, 
13 < 13 

Incorporation studies using [1- C]-, [2- C]-, and 

[1,2-13C]-acetate have shown that the biosynthesis of 
-ê. 

multicolic acid (~) in pencillium multicolor involves the 

intermediate formation of 6-n-pentylresorcylic> acid (l!) which 

il 
H 

HOO 

in turn is formed from a tetraket'ide inte"rmediate 30 <2.1). 

> 

HO 

Scheme I.6 

Biosynthesis of griseofulvin (~) was investiga~ed by 
1 

several groupslS,31,32 and,from all these studies, the 



17 
---.. 

, , 

formation of griseofu1vin from acet~te unit wa~ fina11y 

supported. In 197~ Sato33 was able to demonstrate the 

formation of grise~fu1vin from acetate units with the help of 
13' . - 13 13 13 " 

C nmr uSl.ng [1- C]-, [2- C]-, and [1,2- C2]-acetate as' 

trace,rs. The biosynthetic pathway is depicted in Scheme l. 7. 

13 13_ 
, CH3 -cao 

HM 

35 

Scheme l.7 

'Incorporation stu,dies were done' with singly and doubly 

labelled [13c]-acetate using a high producing"strain of 

) 

Il 

l' 



/ 

18 
, , , 
\ 

penicillium patulum. 
\ . 

A clear pre ferential incorporation of\ 

label, into the acetate starter unit confirrned that \ 
L 

. fI' . f d f . 1 h k'· d h' 34 gr1.seo U Vl.n l.S orme rom a S1.ng e epta et~ e c al.n 

Sclerin (36) is a physi010gically active metabolite of 

Sclerotinia Sclerotiorium. 'Its biosynthesis was investigated , ~ 

35 36 ' 
by several groups' These studies support the formation 

of sclerin by the condensation of two separate polyacetate 

chains wi th'out prior cycliza,tion as shown in Scheme 1.8. This 
"\ 

c~ R . " 
~~OOH 

a 
M 

. M 
M~OOH 

t r ~ 
C1 C1 

( 

37 13 13 was reinvestigated in 1977 using H COONa and [1- C]-

, 13 13 
sodium acetate, [2,- C]-mal.onate and [1,2- C]o-sodium acetate. 

. 13 13 . 13 
B~sed on the c- C coup1l.ng in the C nmr, it 'was suggested 

that an alternative pathway in which two separate po1yacetyl 

chains condense to forlll a ring once (either by ~ or b) and the 

head part of one of the two chains may be lost perhaps by 

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

Iikely. 



~-

" 
19 .. 

'" , 
C, , -

~OOH 
~ 

'~OOH 
M , 

,t ~t , 
C, C1 M 

,/ 

OOH 
~ '. 

M 
OOH 

R Scheme 1.8 

The pattern of radioacti'vity in aloenin (37) after 
- -

administration of [1-13CJ-acetate, [2_1~]-~lonate or 

[methyl-14c]-rnethionine to aloe arborescens has been 
) 

detérrnined and the results are consistent with the expécted 

b · h' t 38,39 1o~ynt et~c rou e • 

oSEnzyme 
~ ~ ( " 

37 

Scheme L 9 
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. 13, 13. . 
Analys1s of the C-. C coup11ng pattern of seca1on1c 

acid (~) produced by cultures of pyrenochaeta terrestris 

supp1emented wi'th [13 c]-acefate, is consistent wi th the 

formation of the tetrahydroxanthone moiety, via ring cleavage 

of an anthraquinonoid precursor to give a benzophenone 

intermediate (Scheme 1.10)40. Incorporation of [13cJ-acetate 
fit 

oSEnzyme 

> 

> 

) Scheme 1.10 

lnto cercosporin (39) by cultures cercospora kikuchîi -

indicates its >bio~ynthesis via oxidative coup1ing 0\ two 

____ ... _-=._-- n _ 

1 

: 1 , 



21 

hept-aketide uni ts, the methoxyl and methylenedioxy carbons 

'. ()41 being der~ved from the Cl-pool Scheme 1.11 . These are a 

CH3 COONa 

39 

Scheme 1.11 

, ! 

few exarnples of the many biosynthetic schemes reported in the 

lite rature . The idea that sorne of the phenolic bompounds are 

biologically constituted by the, acetate and polyketide is weIl 

supported by' the experimental evidences. 

) 

, , 

1 
.J. 
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c. SYNTHESIS OF PHENOLIC COMPOUNDS 

There are several methods available for the synthesis of 

pheno1ic compounds. The purpose of this section is to presènt 
. 

a few examp1es from the lite rature • Examples wil-l a1so be 
. 

given to demonstrate the synthesis of po1yfunctiona1 phenolic 

compounds, which ma~ be usefu1 for the construction of some 

natural phenolic compounds. In general thé synthepis of 

phenolic compounds depends on sorne aromatic precursors as the 
, 

starting unit~ An example is the synthesis of phenol itself 

from benzenesulfonic acid (Scheme 1.12) 0 Alkyl phenyl ethers 

when heated undergo Claisen rearrangement to ferm substituted 

42-44 phenols (Scheme 10,13). Aryl lithium when subjected 

'" Ô' OH - 6 ). \ 

\ 

\ Scheme 1.12 -, 
oH'-CH=C~ 

') 

&H,-CH=CH, 
, 

. (\ 

> 

Scheme 1.13 

) 
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", 
to oxidation, gives a mi~ture of products which include 

4S phenol (Scheme l .14) • The Bayer-Villiger reaction of 
,-

, .. 

;i 

200lf > . 2Q-oH' 
Schene I.14 

aro~ic carbonyi compounds is a gooà rnethod for preparing 

- h 1 46 p enD s Thu~ treatment of p-methoxybenzophenone ~i th 

. peracetic acid gives benzoic acid and p-methoxyphenoi 

(Scheme I.l~). Substituted phenols are aiso prepared by the 

benzoyl oxidation with benzoyl peroxide (Scheme 1.16)47.
0 

Oxidaeion of aromatic aIdehydes by Dakin reaction
48 

using 

o-w-O-OMe 

o 
--)~ Q-:c00H 

Ho-Q-oMe 

Scherne I. 15 



. ( 

, . 

Scheme l .16 ~ 

- .' 

'~H 

~CO(,t> 

alkaline hydrogen peroxide leads via rearrangernent to the 

24 

) 

formy1 esters of phenols. Thus salicylaldehyde was converted 

to the corresponding phenol as shown in Scheme 1.17. 

Scherne 1.17 

--



J 

Hy.droxylation of aromatic compounds with hypofluorous ,acid 

49' 
was reported by Evan et al. in 1977. Thus benzene was 

. hydroxyla ted as gi ven in Scheme 1.18. 

\ o + HO--F > 

" 

Scheme 1.18. 

, 
irected metalation of aromatic ter~iary amides is a 

recently eveloPed synthetic approach for the preparation of 

POlYSUbsti~~d ~romatic compounds SO . Ortho lithiation 

followed by el~roPhilic substitution ,is generally used. A 
"-

genera1 synthetic ~'è~ is depicted in SchelTe 1.19
51

• 

" 1 
'",; .. 

1" 

RLi ct: . Z 
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Scheme 1.19 
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A metal-ha'logen exchange seq 'enée deve loped by Parham, 
o ' 

52. ' 
Bradsher and co-workers <,Scherre 1.20) provides a synthet:i~ 

equivalent of ortholithiated benzarnide and was found to be 

~ use fuI for~ the preparation of polysubstituted aromatlc 
, 

, compounds bea'ring reac~l ve functional groups. 

, 

26 
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1 
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> ~ 
2 H+ J -1 

, 

1 
.. 

~ , 

Scbeme 1.20 

tP 

, , 

~ #~ ~.... r _~ ... :. 

, ~ 

- , 

. -

With thls general introduction, we can discuss -8,ome 

examples of the total synthesls 'of phenolic natural p~oduéts. 
"-

An elegant synthesis of dl-griseofulviR (40) was achieved by 
~ -

Stork and To~asz53 in 1962 by reacting 7-:chloro-4, 6-di~ethoxy 
'-,. 

" 

: 

coumaranone wi t~ me thoxyethynylprope nyl ketone in the pre sence _~ 

, " ------------------------
<;>f potaE;siurn terti'iry butoxide (Scherne 1.21) bya'double 

, 

Michael reaction. Of the reactions disc~upsed sa far the 
, 0 

synthesis of phenoli.c compounds depends c~wpl~tely on an 
. 

aroma--tlE precursor. 1t ls clear that phen'ols with certain 
, 
\ , 
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MeO 
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j \ 40 
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Le .. : . . 
1.·21 

i 

:" \ 

\ 
• 
j 

CI 

4 J' 

1 

substit\jtion patterns ax;e not amenable 
j 

described so far. severla~a ernal:ive 
, 1 

~ J 

devised! for construc.tJ:tl9; aromatic rings wikh appropriate 

v 'hYdio~Yi~ nO~-benZe~Oid p·recursors. The two common 

~ 
to lthe methods 

st~ategies h-a-v-e---be--e-n---------

~ " 
methodsJ available for t~e construction of ~ix-membered rings 

, ) .... / ; 
. l ' 

are th~ _Robinson--ann,~l~tlion a~d 'the DielS-îlde~ raaction. In 

h R ~. 1 . ~4 th . h - t\. . . . Il t e o~1.nson-a.nne at~on.:, e reg~oc ern~s {Y loS essent1.a y 
- l '1 ~ 

cbntrolled by :the direc~ion o~ polarization~ within eacb 
~ ~ 4 .1 

~ J 
fragment, represented schema-t::ically in Schetlte 1. 22 • . ' 

i 
\ 

1 
l. 

, 
.l 
j , 

1 
1 1 
1 ~ 

1 i - ~ 1 " 1 1 . 

'/. -1 " \ , 
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, 
~RObins~~-annelation,had been used for the synthe sis of natural 

\ 

products \like steroids and severa!': new annelation rnethods 

are de signed 
, . for\this purpose. ,An example is depicted in~' 

\ , '\ 

The Diel~-Alder react~on has beèn extensively"-
\ ,3 \ . 

Scheme 1. 23 • 

\ 
:6 \ 

BAS'E > + , 
\ 
\ 

-\ 

> 

a 

.\ 
\ 

Il> 
1 
\ . 
" , 

.! 

. " 

Scheme 

1 
.-
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used by organic chemists for the ,construction of pOly­

/," 

30 

substituted six-membered ring comp6unds. A typical example of 

the Diels-Alder reaction leading to a phenOlic compound i9 

given in Scheme 1.2455 • 

fOOMe 
OOMe 

+ III > .,. 
Rearrangement 

b~Me OOMe 
. OMe 

MeOO OOMe 
\ 
\ 

\ 
OOMe \ 

\ OMe 
\ 
\ 

\ 
\ 

cherre 1.24 -
, .' 

, . 
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,. Diels-Alder reactions using siloxy-subst~tuted 1,3-dienes 

has been of interest recently ~cause of the fact that siloxy 

butadienes can easily he made and they provide high regio-

selectivity. Thege dienes are extensively used for the 

preparation of po1yfunctiona1ized ring systems by the Diels­

AIder reaction. Danishefsky56 has synthesizeq a number of 

compounds using O-~i~y1ated dienes. A typicalDexample which 

demonstrates this methodology is exemplified in Scneme 1.25. 

Me 

TMSCI 

Et3 
ZnCI

2 

OOMe 

Me 

MeOOC-C C-C OOMe ,. 
\ 

_H_+_~> H~OOM~ 
llAoOMe 

Scheme 1.25 

1- (Tr.imethylsiloxy)-butadiene (41)' and ethyl propynoate give 

only the orthoa9duct 42
57 

(Scheme 1.26). Application of this 

11 

' ... , 
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, -
.y0OEt 5E~ u)Et3 

EtOOC ' 
C 
III t > 
c 
1 M ~ H • .... ' 

\ 
Scheme I.26 

!'t 

methodology to the' synthe sis of ~atural products like 

lasiodiplodin (43) 58 has been reported by Danishe fsky. A brie f 

synthetic scherne is given in, Scherne I.27. A similar 

59 methodology was adopted by Brassard and Savard for the 

synthesis of naturally occurring quinones. The process is 

exemplified in Scheme I.28 for the synthesis of chrysophanol 

(46) by the regi~specific reaction between the vinylketene ' 

acetal (!!) and 3-chlorojùglone (~). The sarne approach was 
, ""'. 

applied to the syntbesis of Steffimycin 50 by Gesson and 
r 60 t 

Jacquesy in 1983 (Scheme I.29) from 47 and 48 through the 

interrnediate 49. 

In this laboratory, ~ have, been int~rested in the use of 
\ 

bis-enol silyl ethers for th~ preparation of highly 

substituted phenolic cornpounds\by a cycloaromatization 

61 process This will be discussed later in a separate section 

in this thesis. 
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Scheme L29 
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D. BIOMlMETIC TYPE SYNTHESIS' 

The term "bïomimetic synthesis" has been chosen to 

describe an organic synthesis designed in such a way that it 

follows, at least in its major aspects, the biosynthetic 
. 

. pathways. The s~ccess of these types of syntheses depends 

upon how on~ can utilize reactions and conditions that 

34 
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, 

parallel the biosynthesis, but at the same time utilizing 
• 

reagents andvconditions that are different from the living .,... 

systems, SQ that the ete mi st tan capi tal,ize on the advantages 

offered by' organie synthesis . 
. 

It has been established thàt many of the natural phenolie 

compounds arise in nature from acetate through the polyketide .. 
-pathway62-6~. ,Considerable researeh has been done -to mimie 

. 65 
such syn~hesis of phenolic compounds in the laboratory • 

.. 
During the rast deeade a number of reports have appeared in 

the literature on the conversion of protected and unprotected 

poly-~-ketones and poly-~-keto acide to phenolic compounds. 

These results have indicated that cyelization and 

~ aroma tiza tion of the poly-~ -carbonyl cornpounds can be 

duplieated in the laboratory to sorne extent. COllie's62 

research -has laid the foundation in this respect (Scheme I. 3) • 
.. ' 

This work was later extended by Birch66 through the synthesis 

of dihydropino,syl vin (51) aceording to Scheme I. 30. There was 

> 

H 

Scheme I: 30 
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a renewed interest in this field of cyclization due to the 
/­, 

availability of poly-~-carbonyl compounds. Aldol condensation 

and cyclizàtion of the poly-~-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 

2267 (Scheme 1.31). Another interesting reaction is the 

cyclization of the methyl ester of· 3,5,7-trioxoheptanoic acid 

54 . kl b' d" 67 1n wea y aS1C con 1t10ns • The reaction proceeds through 
j 

aldol cyc1ization and dehydration to the phe~olic compound 5S 

(Scheme 1.32). When strong basic conditions were used for 

H 
H 

H 

/ 
-( 

1 
Scheme 1.31 

the cyclization, benzoyl ph1oroglucinol', S6 was the main product 

resulting from the Claisen condensation (Scheme 1:33). The 
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/ 
/competition between the aldol and the Claisen cyclization is a 

/ drawback in this kind of cyclization-aromatization reaction. 
/ 

Metal ions were used for the control of regiochemistry, but 

the \esult was not promising68 Moreov~r, with increasing 

chain lengths, the number of possible cyclization products are 

also increasing rapidly. In order to avoid these problems, 

different strategies have been adopted. A derivative of 
~ r 

tetra-~-polyketone in the forrn of enamine was used for the 

synthesis of resorcinols69 as exemplified in Scheme I.34 • 
.... 

> 

H 

R 

Schema I. 34 

The sarna group has synthesized in good yield the resorcinol 58 

using the enamine 57 (Scheme I.3?). These two ,reactions show 



H 

Scheme I. 35 

e 
\ 

sorne 'dfrectional influence due ta the enamine group. This has 

not been explored completely for the synthe sis of polycyclic 

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 
\ 

specifica11y ta 61 as in Scheme I.36. It was observed that 

Claisen c1eavage accurred under conditions required to open 

system. This places a limit on the' 

H 

Scheme 1. 36 



,applicability of the pyrone approach to the synthesis of 

polycyclic phenols., 

Many of the polyketide nap,hthalene and. anthracene 
1>. 

40 

Il 

compounps arise by a reaction sequence in which.the initial 

aldol attac~ must occur at the internaI carbonyl group. A 

biomimetic type synthe sis of the naphthalene 66 was reported 

by Harris 70 The doubly protected hexaketone 62 with 

diisopropylamine gave the expected resorcinol 63. The 

resulting phenolic group was protec·ted as it:.s acetyl ----­

derivative 64. Treatment of 64 with acid gave the triketone 

intermediate 65 which underwent aidaI cyclization imm~diately' 

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

62 

> 

64 

S cherne 1. 37 
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1. 

., 
.terminal~y_~proteêted heptaketone, the p.referred site 

, ~ 

~focyclization is the 4-keto group and therefore terminal 

~rotection has only very limite,d .value for the sy~thesis of 

1. ~nth-racene der~vatives. \ , .... 

" l, A different strategy 

\

' . 
" was adopted .by Harris and his 

'. 71 
co-workers by 

show ,in Scherre 
\ "'----" 

way of ~r.9tecting the mid~le keto group as 

1.38 for the synthesis of ~modin (67). The 
l 

chernistry of triketo acid~ anà-estê!s and ~lso higher homologs 1 ____ i 

has attracted considerable attention a~'~è-n?~.~ __ The 
~ -.... ---

cyclization and aromatization of such triketo esters and -its -- '_ 

higher hornologs to resorcinols and naphthols mimic their 

formation in nature. A typical example of preparing such 

triketo esters and its cyclization to phenolic commpounds by 

Hill and Harris 73 is d~picted in Scheme 1.39. 

Even though ~here are still limitations ta the synthe sis 

of naturally ocurring phenolic cornpounds through this 

polyanion chernistry, 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 

preparation of poly-~-carbonyl cornpounds. 
1 

Recently, Brownbridge 74 in this laboratory\ developed the 

use of enol silyl ethers as the equivalent of enolate anions. 

With the bis-enol silyl ether (68), it can be c~nsidered as 

the dianion '. eq';li valent of acetoacetate. The coJpound 68 
, , \ \ 

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

equivalents to give phenolic compounds. 
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In a typical procedure, methyl 4/6-dim~hyl salicylate ' . .., (70) was synthesized by condensing l,3-~is(trimetby1silOXY)-

l-methoxybuta-l,3-diene (68) with ~ in the presence of 

titaniurn tetrachloride as depicted in Scheme I.40. The 

?TMS?Me 

~TMS 

\ . 
9™S R 

M~~e 
68 

Scheme I.40 

) 

o 
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'. 

control of regiochemistry of this condensation reaction ia 

descri1:5ed e1sewhere in this thesis. T1)e use of this 

methodo1ogy for the syn~hesis of natura1 pheno1ic compounds 

is demonstrated by the synthe sis of sclerin (36) 75 in 

Scheme 1. 41. 

71 

TMS TiCI
4 

, . 

NaOH 
(' 

Scheme 1.41 
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'. 
'-.~ II. A BIOMIMETIC SYNTHESIS OF A>1-TETRAHYDROCANNABINOL 

" 

,\ 
'''''-

A. INTRODUCTION 
>-

Cannabinoids are a group of phenolic cornpounds isolated 

from a plant called cannabis sativ~. 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 1 in India and marihuana in 

North America. HerbaI cannabis is prepared simply by 

collecting the flowering tops and allowing them to dry • 
• 

Cannabis resin is made by separating the superficial hairs 

which contain the active resin from the rest of the plant. 

This is done by cooling dried plant materiçll and coarsely 

powdering and sifting. The finest powders are rich in resin 

haira and can he compressed readily into a hard, pale 

brownish-green masse 
, 

Even though cannabis res.j.n constitutes a number of 

closely related compounds, ~~-tetrahydrocannabinol(~1-THC) . . 

(72) is now recognized as heing responsible for the majority 

" 

" 
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of the psychotornirnetic activity of 'marihuana ,76. The active 

principle oceurs, in both fresh plant and dried or prepared 

materiai with a group of related meroterpenes. The three main 

cannabinoids present in cannabis. preparations are 6 1-THC,' 

cannàbinol aBN (~) and cannabidiol caD (~). Altogether, 

approximately 35 different cannabinoids have 'been identified~ 

in cannabis. 

. . 

" 

As illicit drugs, hashish and t'Ile other cannabis are' 

used in different parts of the world. Apart from the bad 

publicity tha"t these drugs have acquired for the past century, 

there is a positive side that has ~en discovered in' th~ past 

years. The resin has been used in ~edicine al?d aiso as 

h t . t' d . th . t . 77 payc 0 oml.me l.C rug Sl.nce e anCl.en tl.rnes • A Chinese 

tr~se~about 200 years old, has recorded the use of 

78 cannabis as an anaesthetic in surgery 

( 



., 

( 

• 
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The biomedical aspect o~ cannabis was investigated by 

differe,nt groups and several reviews have been published 79-81 

In various animaIs, ~1-THC and other synthetic THCs show· 

predomi~antly central nervous system (CNS) depression~and 

ataxia, which lasts from several hours to days, depending on 

the dose administered. Hashish and its active component~ 

have been used for glaucoma and as an antinauseant in pat~nts 

undergoing cattcer chernotherapy82 In the case of glaucorna 

where patients tend ta become refractory to the drug in 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 sorne indication of analgesic potentia1 

for /j. 1_THC83 • 

V~rious analogs of ~1-THC have been prepared and 

investigated for their rnedicinal uses. A carbocyclic ana10g 

(..z1) origina11y synthesised by Roger Adarns84 in the 1940s, 

\ 75 
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1 
1 

/ 

85 shows hypotensive effects at doses where no CNS effects 

occur. Thi~ wil±\ open up a frui tful area for cardiovascular 

Preliminary studies have indicated the use of nabilone 

1!, another analog of ~1-THC as a tranquilizing agent86 

M 

M 

B. BIOGENESIS OF CANNABINOIDS 

Since Todd suggested the idea87 that the cannabinoids 

are originating in the plants from a condensation of, a terpene 

derivative with olivetol, Many people have investigated the 
~ 0 

bi?genesis of cannabinoids. Cannabinoids occur in plants in 

both the free and carboxylic acid forms. Fetterman and 

88 co-workers have shown that the acid forro decarboxylates 

quantitatively when gas chromatographed. Even though the 

carinabinoic 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 
. -

have a 'reason to believe that the ~ 1-tetrahydroca~nabinoic 

acid i~ an intermediate during the biogenesis of ~1-THC. The 
:} ... 

\ 

", 

". 
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~ 

assumed biogenesis of il 1-THC is depicted in Scheme ILl89 • 

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 numerous new cannabinoids have made possible -the 

presentat~on of Todd 1 s scheme in modern terms. The presence 

of cannabinol and èannabinoic acid in hashish, one derived 

from olivetol and the other from olivetol carboxylic acid 

poses a problem in biogenesis. With the information available 

60 far, it ie hard to decide whether cannabigerol and 

\ cannabigerolic acfd are formed independently or whether the 

, , 

<!' 

oli vetolic acid chain is ,the only one and the other compounds 

are fo rrne d' by dec,arboxylation in ~he 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 beeon obtained 50 far in this field. 

c. SOME OF THE PREVIOUS SYNTHESES OF à 1-THC ~ 

The firet total synthesis of à 1-THC (72) was reptrted 

by Meehou1am and Gaoni 90 in 1965 as depicted in Scheme II.2. 

In this synthesis, the cyclization step involves a trans-cis 

isomerization of double bond, which. formally does not 

participate in the reaction. It is possible that the geranyl 

derivative ~ isomerizes through internaI return to the 

derivative 79 which undergoes cyclization. The olivetol part 

, 

Î 
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was synthesized from 3,S-dihydroxy benzoic acid by, many st~ps. 

The overall yield obtained in this synthesis was 2%. 

Another synthesis of ~1-THC was reported by Mochoulam 

et al. 91 in 1967. In this synthesis they used verbeno1 (!!!.) 

as the terpene part. This synthe sis was p1anned on the basis 

that the attack by the- resorcin01 will be favoured from the 

H 
PTsA ) 

+ 
H 

) 

+ 

Scherne II. 3 

) 

THF 
HaOH ), 

SH11 
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side opposite to the bulky dimethylÏnethylene bridge in 

verbenol andwilx thus provide stereochemical control of the , 

reaction to give'mainly trans products. The synthetic scheme 

ia depicted in Scheme II.3. 

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 gi ve 

stereocontrol, it lacks the r~giose1ectivity in the first step 

thereby giving severa1 products. 

92 1 Petrzilka et al. reported the synthesis of !::. -Tac us 9 

(+)-cis- or trans-p-mentha-2,8-diene-I-01 (82) which was l ter 

modified by Razdan93 and co-workers. They were able to 

isolate the f:l1-THC in 31% yield. The main difficulties were 

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 aIl the syntheses described 'so far, they have in 

common as the critical step the condensation of a monoterpene 

with olivetol (13) which is generally synthesized from an 

aromatic precursor such as 3,5-dihydroxybenzoic acid, (83). 

Olivetol has' been synthesized by several
o 

groups94-96 and a 

synthesis by Corey in 1967 is an example or such an approach 

(Scheme II.5). In a sirnilar approach, Krishnamurty and prasad97 

pave described two new methods fQr the synthesis of olivetol 

in 1975. The reaction Bcheme is depicted in Scheme II.6. 
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D. ,CYCLOAROMAT~ZATION ~ACTION 
( . 

The prdblem of making benz~noid compounds from acyclic 

recursors remains a challenge due to the lack of.a well 

. ësta-blished -method. -.Recently a novel cycloaromatiza-t;ion 
G ____ _ 

reaction invol ving the condens~~i~~-ô"1tw~three-CarbOl'r- ûrilts, 

one with two micleophilic sites and the other contai?ing two 

electrophilic sites was reported from our laboratory as in 
,6 74 

equation l • The regiochemistry in the reaction depends on 

(~ y :> 0 
~, 0-

D, 

(1) 
) 

\ 

the differen~ial reactivities of the electr9Phil~ and the 
o 

nucleophile. The nucleophilic unit used in this case was 1,3-

bis-(trimethylsiloxy}-l-methoxy-buta-l,3-die~e {G8}, a dianion 
,1 -

equivalent (84) of methyl acetoacetate. This reaction i8 of 

~ - .... 

,-
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p~rticular importance, since the 'acetoacetate unit is the 
,.' 

fundamental building block in the biogenesis of many natural 

?TMS ?Me 
~TMS 

products. Contil.ensation' of 68 with various equivalents o~ ~­

dicarbonyl compounds i~ the presence of titaniurn tetrachloride 

gave substituted rnethyl salicylates. The regiochemistry is 

controlled by the o~der of reactivity of the electrophilic 

sites, which is conjugate position of enone > ketone > mono-

.thioacetal, acetal, etc. Essentially 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·. 
Q> 

Moreover the regiochemistry in these r.eactions is essentially 

controlled by the direction of polarization within each 

fragment. This new methodology provides a novel way of mak~ng 

phenolic compounds and will have sorne advantage for the 

synthesis of naturally occurring phenolic compounds. 

,. 
,1 
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E. THE PROPOSED SYNTHESIS OF 6,l-TETRAHYDRQCANNABINOL , 

In this thesis, we wish to propose an alternative 

,synthesis of 6l~THC based on the cycloaromatization reaction. 

The basic strategy adopted for the synthesis of 6 l -THC 

includes the condensation of methyl olivetolate (~) with an 

optically active'inonoterpene, para-mentha-2.,8-diene-l-ol (!!~) 1 

'"" 
as shown in ScherneII.7. The methyl olivetolate part can he 

Ô
OH 

\\' 

+ ~ 

H 

A .Jl5 

_. 

, 

Scherne II. 7 

synthesised by the cycloarornatization 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. In 

the final condensation process, the three reaction sites in 1 

olivetol are reduced to two sites in the case of methyl 

olivetolate. This may enhance the regioselectivity of the 

cond~nsation reaction. 
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III. RESULTS AND DISCUSSION 

A. NUCLEOPHILIC COMPONENT 

Preparation of l,3-bis-(trimethylsiloxy)-1-~ethoxybutadiene 
, 

l,3-bis(Trimethylsiloxy)-1-rnethoxybutadiene (68), the 

dinucleophilic component required for the cycloaromatization 

reaction was synthesised by a two-step procedure as shown-in' 

Scheme 111.174 • Direct si1ylation of the dianion of methy1 

acetoacetate was not carried out because of competitive 

C '1 l ' 98 -s~ y at~on • The monosily1ated compound (87) was prepared 

~M. 

TMSy ,?Me 
~TMS 

68 

Scheme II!.1 

LDA 
TMSCI 

-7S0C 

\ 
\ 

by a procedure developed by Danishefsky99, in which the silyl 

group was introduced in basic media using zinc chloride as a 
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", 

catalyst. Co~pound 87 was distilled at reduced pressu~ and 

was reasonably stable at 4°C under anhydrous conditions. ~~ 

62 

Compound 87 was then converted to the bis-enol-silyl ether 6~ 
Compound 68 was ~ 74 by a procedure developed in our laboratory 

found to rearrange with heat and was therefore usually not 

purified by distillation. Compound 68 was of reasonable 

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

\ 

B. PREPARATION OF THE \E~ECTROPHILIC COMPONENTS 

The electrophilic component consists of carbonyl 

equivalents with different reactivity at the 3 carbon unit 
f 

sites. In order to make the regioisomers of methyl 

olivetolate, two differènt elec'trophilic components were 

requ-ired~ , , 

Preparation of methyl 3-oxo-octonoa~e (88) 

The dianion of methyl acetoacetate was prepared by a 

d d 1 d b '1 100 Th d" h proce ure eve ope y We~ er e ~an~on was t en 

condensed with n-bromobutane in THF. The required methyl 

3-oxo-octanoate (88) was obtained in 68% isolated yield. This 

reacti?n is depicted in Scheme 111.2. The compound was 

identical in aIl respects to that reported in the 

literaturelOO,lOl. Conversion of the keta ester 88 ta the 

corresponding 
J> . 

methyl 3,3-d~methoxyoctanoate (89) by the usual 
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" 
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~M. ;.., 
R 'R A-SUU 
~Me ) 

THF 

~ Br~ . ) 

- - Me 68-j_- Me 

Scherne III.~ 

'" liter~ure procedure'of refluxing with dry rnethanol, tri-

rnethylorthotormate and para- toluenesulfonic acid (PTSAY as 

shown in Scheme 111.3 The acetal was isolated .in 78% yield. 

Me 

MeOH 
PTsA 

Scheme II!. 3 

,.' 
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The crude reaction mixture contained sorne of the· elimination 
. ~ 

'produèt 90 which we were'able to separate by column 
1 Q , 

~hromatogr~~hy. ' In its H nmr, compound 90 shows the 

Me9 H 
~~Me 

90 

64 

proton at ô 4.96 and the vinylic-OMe proton at ô 3.66 compared 

to the ace tal proton i~' compound 89 a; 0 3. 20. '. In the ~ nrnr 

of compound 89, the expected upfield shift of the methylene 

protons at the C-2 position was observed (6 2.67) compared to 

that of the keto ester 88 (6 3.40). The singlet at' ô 3.67 is 

assigned to the methyl protons of the ester and the sing1èt at 

6 3.20 was assigned to the ketal protons. The multiplet 

between 6 0.96-1.83 is assigned to the n-pentyl protons. 

the ir spectrum, 89 showed a carbo,ny1 absorption àt 1750 

C. KETALIZATION 

--Aceta1ization of alde~ydes and ketones is very commonly 

used in organic synthes~s. Many methods are availab1e in the 

102 103 li teraturè for this purpose . 1 Fo~ the synthe sis of 

/ 
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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 procedure can he carried out under 
1 ~ 

mild~r conditions utilizing readily available chemicals. 
1 

Ke~nes are converted to the corresponding l,3-dioxolanes by 
! 

r,ac~ion with a small excess of ethylene glycol in the presence 

o~ trimethylchlorosilane. In essence, trimethylchlorosilane 

wa~, used as the condensing agent for the acetalizatiqn 

~ readtion. A general scherne is depicted here (Scheme III.4). 

0 

( ~AR' + HO~OH + 2TMSCl > 

RXR' + ~e3SiOSiMe3 + 2HCl 

• 

Scherne III.4 

i 

Using this methodology methyl acetoacetate was converted to the 

corresPQnding l,3-dioxolane ~ in 90% yield. The reaction ia 

represented in Scherne III. 5. 
~ 

___ -~ r 
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) 

Scheme 111.5 

In a similar way, me~hyl 3-oxo-octanoate (88) was 

converted to the corresponding dioxolane derivative 92 in 88% 
/ 

~ield (Scheme 111.6). In the lH nmr of compound 92 the singlet 
1 

> 
Me 

Me 

i 

Scheme III. 6 
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at Ô 3.63 is assigned to the ester methyl protons and the 
~ 

singlet at ô 3.93 is assigned to the ethylene ketal protons. 

The methylene protons at the 3 position appear at ô 2.60. 
~ 

The mechanism oÏ the formation of the ketal is believed to 

involve sorne kind of complexation or bonding between the 

carbonyl oxygen and chlorotrimethylsilane. A plausible 

/ 
~ 

67 

mechanism is depicted in Sche~ 111.7. This reaction has been 

<:! 

c- H~ 
::::a. ~ ~ 

c:::: ~ 
1. 

XI " 

Scheme III. 7 

extensively investigated later by Brook l04 ,l05 of our 

laboratory. The salient features of the reaction are 

summarized below. 
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, (l) For normal non-activa ted a Idehyde sand 'ke tone s, 

f 
acetal formation can only obcur with ethylene 

glycol but not with methanol or ethanol. 

(2) The acetalization with ethylepe glycol can be 

carried out in methanol as solvent. This is useful 

in cases where solubility may pose a prob1em in the 

conventional procedure. 

(3) For activated carbonyl compounds such as 1,2-

dicarbony1 compounds or a,a-dichloroketones, ~ 

acetalization with methanol can 'a1so be achieved. 

Thus diacety1 is selectively converted to the mono o 

acetal under these conditions (Schemè III.8). 

\, 

TMSCI 
MeyM;' 

> ;' 1r 

Scherne III. 8 
( 

) , 
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D. REGIOCONTROLLED SYNTHESIS OF MÈTHYL OLIVETOLATES 

(1) S:(nthesis ot' methyl 2,6-dihydroxy-4-pentylbenzoate 

The condensation of methyl' 3,3-dimethoKyoctanoate (89) 

with the bis enol silyl ether 68 to give the aromatic product 

was carried out in the following manner. The ace~al 89 was 

mixed with the bis enol silyl ether 68 in dry methylene 

-chloride. On addition of titanium t'etrachloride and overnight 

stirring at-ro~m temperature, formation of the methyl 

olivetolate/(93) was real!sed in 72% yield. The reaction was 
/~ -

\ / 
monitered by GLC. The synthetic route is represented in 

Scheme III.9. The methyl olivetolate thus obtained was 

r 

\ 
\ 

.?TMS 9Me 

~TMS 
+ 

Me 

93 

Schema III.9 

72 "/. 

,. 
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k, 

purified by column chromatography. The resulting product was 
\ 

.' 
a white crystalline solid 'with a mp 29-30,oC. 

In the lH nmr, the sin~leb at Ô 4.03 is assigned to the 

methyl ester protons (-O-f!!.3-}·J The multiplet at the high - ~.~" 

field is assigned to the n-pentyl protons. Since the aromatic 

protons are equivalent, they appear as a singlet at 6 6.27. 

Similarly the phenolic protons are also equivalent. Sinee the 

phenolic protons are hydrogen bohded to the adjacent carbony1 

group, the position of the peak is shifted downfield at 

Ô 9.30. Its infrared spectrum contained a carbonyl band at 

1675 cm- i and a characteristic hydrogen bCded pheno1ic band 

-1 at 3460 cm These data,~coupled with t ss spectrum 

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

been formed. Further proof for this structure was obtained by 

conversion of 93 to olivetol (13). 

A plausible mechanism of the formation of methy1 

olivetolate is schematically represented in Scheme III.tb~~ 

The methyl' olivetolate was hydrolysed and decarboxylated/ in 
/ -' , /' 

one step with sodium hydraxide in methanol and water to give <> 

olivetol as shown in Scheme III. Il. The co~pound ootained was 

a)light brown sol~d with a mp of 4l-42°C (literature mp 

42_44°C)94,97 The compound was identieal in aIl respect$ 

with the spectral data of olivetol reported in the literature. 

---~----
This constitutes a new and convenient synthesis of .olivetol'. 

However, for the synthesis of ~I-te~ahydrocannabihoate in the 
) 

/" . 
proposed scheme, compound 2l is of the wrong regiochemistry. 

,1 
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H 

\ 
The regiuchemistry of the cyc1oa~omatizàtion reaction must he .. 

reversed to get the cor-rect isomer of methyl oliveto1a.te 96. 
;' , 

T'his was realised-~ the fo11owing manner. 

First of aIl the ethy1ene ketal (_92) "was hydrolysed using 
[ 
\ 

sodium hydroxide in methano1 and water. The prod\lct isolat'èd 

was the ex~ted acid 2! in 69% yield. The Yield;:ldepended 
.' / 

upon the ac~ ification of the crude reactian mixture. The 

reaction mixture had to be sufficiently acidic ta get the 

maximum yie1d 'without hydrolyzing the ketal~ The optimum pH 

was 3. The reaction is represented in Scheme I11.12. The 

Na OH 
) 

CH3 
CH30H \ 

92, H20 1 D. 

H 
69ï. 

94 

Schene II1.12 

1 
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acid obtained was identified on the basis of spectral data. 

The disappearance of the methyl protons and the appearance 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 depièted in 

Scheme 1II.13. In, the proton nmr, the product,was easily 

recognisable due to the disappearance of the acid proton and 

the downfield shift of the Methylene proton (6 3.17). Tqe 

, ' 

, 

OXALYL CHLORIDE 

BENZENE 

6. 

Scherne 111.13 

, 
/. 
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acid chloride was found to ~ very unstable. Hence it had to 

be prepared and used immediately for the next condensation , 
reaetion with - the bis enol silyl ether. By converting the 

ethylene ketai 92 to the acid ehloride ~, we have ehanged the 

relative electrophilicity of the twc;> carbonyl funetions (the 

acid chloride being more electrophilic than the ketal). 

Removal of any trace of oxalyl chloride completely fram the 

acid chloride was essential for the suecess of the 

cori4ensation reaction with the bis enol silyl ether. This w s 
, 1 

achieved by l}.igh vacuum evaporation of -the crude acid chlor de 

(1-2 h). 

(2 ) 

The condensation of 95 wi th 68 to give the aroma ie 

product was carried out in the following manner. Th acid 

chloride was dissol ved in dry methylene chloride ul)der 

nitrogen followed by the addi~ion of the bis enol silyl ether. 

On addition of titanium tetrachloride and stirring for 48 h at 

room temperature, formation of the olivetola~e 96 was 

realised in 55 % yield. The progress of the reaction was 

monitered by GLC. The methyl olivetolate (96) was isolated 

from the crude reactio'n mixture by column
c 
chromatography. The 

product obtained was a white solid with m.p. 65-68°C. The 

reaction is represented in Scheme 11I.14. In the proton nrnr 

the singlet at ô 11. 58 is assigned to the' phenolie proton 

/ 
I~ 
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H 

~djacent to the carbomethoxy group. The downfield shift o~ 

thi's pheno1ic proton. is quite as expected due to hydrogen 

bonding. The non-hyq!ogen-bonded phenolic proton at the 4 

posi tien is assigned to the ~a'k at 0 5.78-6.05. The 

multiplet at 6.13-6.33 is assigned to ~he. two non-equivalent 

aromatic protons. The infrared spectrum was quite ' 

characteriatic. It contained a carbonyl band at 1660 cm- l and 

the pheno1ic bands at 3600 and 3400 cm-::-:-_~ (broad). The Maas 

apectrum of compound 96 gave the mo1ecular- _~on at m/z = 

+ -
238 (M') and the fragmentation pattern was at mJz = 207 

(M~-OMe), 206 (207-H) and 182 (206-CO). A plausible mechanisrn 
,," -

ia given in Scheme III.lS. The methyl o1iveto1ate ~'w~s 

hydrolyzed and decarboxy1ated in one step with sodium 

hydroxide in Methanol and water to give oliveto1 13 

(Scheme 111.16). The, compound was içentical in aIl respects 

with the spectral data of olivetol reported ,in the 
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literature94 ,97. 1t 1s 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 oli vetolate (96) thus prepared has the desired 

characteristics to undergo condensation with the terpene 

component wi th one advantage by reducing the reaction sites fran 

three to two by the incorporation of the ester group. Since 

hydrolysis and decarboxylation of the ester group cari be 

achieved easily after the reaction with the terpene, the 
(; 

presence of the est~r group is r~ally advantageous for this 

synthesis. 

H 

-' 

, ' 

Schema 111.16 
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E. SYNTHESIS OF METHYL-- ,:\ETRAHYDROCANNABINOLATE , 

Condensation of 96 with an equivalent' of (+)-trans-p--
mentha-2,8-diene-l-ol

l06 
was carried out under atrictlY 

controlled conditions l07 , 108 as described below. 

A mixture of the olivetolate 96 and the m?noterpene 82 

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 hydride) was added. 
~ 

The reaction mixture was stirred at 0 Oc for 1.5 h and 
, 

anhydrous sodium bicarbonate was added. Stirring continued 

until the brown eolour faded, and the reaction mixture was 

filtered and evaporated to give a colourless gum. The crude 

produet was purified with flash column chromatography on 

silica gel. The major eomponent isolated was identified as 

(-) -trans-Ll1-methyl~tetrahydrocannabinoate (.~2) in 55% 

isolated yield. A small amount of the Ll 6 -isomer (~) was also 

detected in the proton nmr of the erude product, but was not ' 

isolated from the column. The rest of the matérial was a dar~ 

tar which also could not be isolated from the eolu'Inn. The 

reaction ia as depicted in Sèheme III. 17. In the ~ nmr, the 

singlets at ô 1.09 and ô 1.43 are assigned to the geminal 

methyl protons. The singlet at ô 1.68 ia assigned to the 

vinylie methyl protons. The ester rnethyl proton is assigned 

to the singlet at ô 3.91. The singlet at 6 6.21 is assigned 
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Scheme 111.17 

- ) 

to the on1y aromatic proton in this mo1ecule. The vinylic 

proton appears at Ô 6.39 as a broad singlet. The singlet at 

Ô 12.32 is assigned to the phenolic proton and the downfie Id' 

shift of this proton was quite as expected due to intrà-

rnole,cular hydrogen bonding with tne adjacent carbonyl group. 

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

supporting the existence of only one forrn of the isomeric 

rnethyl-~1-tetrahydrocannabinoate. In the rnass spectrum of 

compound 97 there was the molectrlar 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 -1 cm Optica1 rotat·ion measurement observed for this 

compound is [a]D = -188.4° (0.16 CHel 3 ). Further proof for 

-
this structure was obtained by conversion of compound 22. to 
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6. 1-TaC. A mechanism of the formation of 6.-Ltetr~hydro-

cannabinoate is given in Scheme III.18. 

) .. 
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F. ' PREPARATION OF ô,1-THC FROM METHYL b,l-TETRAHYDRO-" 

CANNABINOLATE 

The hydrolysis and decarboxylation of methyl f:l1-tetra- , 

hydrocannabinoate (97) to b, l-THC was achieved in a one pot - . 
reaction using sodium hydroxide in methanol and water. 

Compou,nd 97 was refluxed with sodium hydroxide in; methanol and 
\ 

water 'for 5 h. The reaction mixture was cooled and the 

product was extracted with ether. The crude product was 

109 puri fied by flash column chroma tography The 

decarboxy1ation proceeded easily because of the presence of 

the orthophe~olic group. The compound iso1ated was identified 

as (_)-~1-tetrahYdrOCannabi~1 (72) in 78% yie1d. The 

reaction is repre$ented in cherre III.19. The spectral data ... 

17: • 

- . 

NaOH 
CHpH ~ 

Scherne III. 19 

. \ 

78% 
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of the compound 72 were identical. in all respects ta that 

reported in the literature. In the proton runr spectrum, the 

geminal met1;yl protons appear as two separate single,ts 

(ô 1.09, ô 1. 40) . The singlet at ô 1.68 is assigned to the 

vinyl methy1 protons. The broad daubl~t at ô 3.21 (J = 

.! 

9.1 Hz) ls assigned ta the proton HA. The large splitting in 

th:i.s signal is attributed ta the trans-diax:i.al coup~ing to H
B

• 

The broaden;j..ng of HA might have been caused by the unresolved 

splitting originate from coupling to the adjacent vinyl H and 

Î10 ta bath Ca methylene and C
9 

methyl protons • The phenolic. 

proton was shifted upfie1d (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 ... 
spectrum of compound, 72 gave the rnolecular ion at rn/z 314 (Mt). 

Optica1 rotation measurement observed for this compound is 

[œ]D = -170° (C 0.04 CHCI 3 ) compar:ed, te the literature value 

of [a]D = -174° reported for" an authentic sample in 

111 chloroform . 

With this we have completed the biomimetic sypthesis of 
1 

11 1-tetrahydrocannabinol. Several features of the present 

synthesis are of interest. Condensation of 68 with 89 or 95 

represents a controlled condensation of a tetra-~-carbonyl 
o 

Î 

unit i~ a biomirnetic way and can be regarded as a general way 

to canstruct natural products with resorcinol ·skeleton. 

Secondly, in the condensation of the methyl olivetolate (9"!) 

with 82, we observed chromenylation only at the carbon ortho 

/ 

o 

1 

/ 

\ 
\ 
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\ 
to the two-hydroxy groups. This is diff~rent from the 

reaction of olivetol where chromenYlatiod, also oceurs at the 
\ 
1 

carbon between the OH and the alkyl side ~hain. Thus' we 
\ 

believe that the .present biomirnetic synthe$is provides a 

convenient and efficient synthesis of b. 1-THC and possibly its 

analogs. 

., 

1 
\ 

\ 

, 
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IV. AN ~PP~OACH TO THE SYNTHESIS OF GOSSYPOL 

A. INTRODUCTION .' 

Gossypol (98), a polyphenolic bin~phthyl comI?ound, is a 

yellbw pigment tha,t is produced by certain species of cotton 

plants. It was first isolated from the seed and root bark of 

the cotton plan,ts by Marchlewski who deri ved i ts nam~ from 

"gossyp (uim phen }olll to indicate i ts orig in. This compound, 
~ 

has sorne renewed interest because of the reports from the' 

1 Pe,ople 's Repub~ic of China concerning, it'~ efficacy'as a ma le~ 

112 a'ntifertili ty ~gent 

. , 
Large scale clinical trials· îrr 'China 

indicate that the drug is safe, effective, inexpensive and 

revers ible in i ts effects. 

---- ..----
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The compound is interesting \;,biochemi"illl~ because it is a 

o ... .. 1 , 

no?-steroirlal drug that works by"' \nhibiting sperm prod~ction 
1 

in male animaIs and humans. Thus it is different ,in ~ts 

biolog ical acti vi ty 'from the s'teroid-based oral 

contr::acepti ves. It may offer a new direction in.birth control. 

Gossypol is known ~o have to~ic effects in both animal~ 

and humans, but the effective dose for an antifertility effect 

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

o 113 
based on animal data • At higher concentrations gossypol 

can cause circulatory problems,"\ heart failure, ,diarrhea and 

• 
hair discoloration. 

There have been several studies about ~o.ssypol, but the 

. \1' most important synthetic and degradative studies were done by 

114 Adams and Edwards " especially the total synthesis "by the 

latter as depicted in Scheme IV.l. 

A recent synthesis of gossypol by Venuti llS also used the 

same aromatic precursor as the ::;tarting mater~al. , Even though 

the se synthetic methods are useful for making gossypol as 
li' 

,( 

such 1 a different approach using an acyclic precursor might be 

useful for making synthetic analogs of 'gossypol. 

/ . 
1 ! 



fi 
1 

( , 

r 

, H 

.Me 
D. 

. 
S cl1'eme IV. 1 

H 
C.Hs-NH-CH: N-C,Hs 

> 
H HYdrolysis 

( 

Me 



\ , , 

87 

/ 

B. THE PROPOSED SYNTHESIS OF qOSSYPOL 
. 
The basic strategy involved in our approach to the 

synthesis-OI gossypol is_ t? utilize the cyc1.oaromatizàtion 

reacti.on to make the aromatic skeleton' from acyclic 
, 

precursors. Gossypol is a dimer of two naphthol units. Hence 

in" all total synthe ses, the aim is to make the monomer. A 

retro synthesis is depicted·in' Scheme IV.2. Therefore'in our 
o . 

approach, there are two stages for the total synthesis of if 

~ 99 
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gossypol. In our f~rst stage we have to sy~th~sise the 
• , . 

88 

mOlecule.1.Q!. In order to JTl9.ke this molecule" our approach is, 

agairÎ through the cycl..oaromatization reaction.- A, retro 

synthesis of molecule .!.Qi is given 'in Schema IV.3. Aga,'in the 

electrophilic and the nucleophl1ic companents have ta be 

synthésised fram appropriate starting materials. 
"' 

OOMe cC 

, . 

Séheme IV. 3 
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~OOMe 

Et. 

106 

1 
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V. RESULTS AND DISCUSSION 

, .' ~. P~EPARATION OF ETHYL 2~IS6PROPYL~3-0XO-BUTANOATE 

, Our initial attempt to rnake, the compound 107 by the 
,. 116 

literature-cited procedure using ~thy1 acetoacetate and 

isopropano1 in the presence of boron trif1uoride etherate was 

not satisfactQry. By this procedure, compound 107 was 
• 

obtained in JO% yield. ,The reaction is reproduced in 

Schem~ v. '1. Sin~e çompound 107' ls 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 search of 

a new method, we first tried the anion ch~mistry by preparing 

the lithium enolate of e'e:hyl isovalerate (108) using LDA and 

~Et+ J:. ) 

30% 

, ) 

). 

, --
~cheme V.l 



( 

9Q 

o 
then reacting i t wi th acetyl ch1pride (Scheme·V. 2 ) • Compound 

107 was never isolated by this method. lristead the starting 
. 

material ethyl isovalerate was recovered. 

() 

~I + 

Scheme V. 2 

LDA 
1> 

THF 

~~The ~se of silyl en?l ethers in organic synthesis is 
'\ Il r 

becoming increasingly popu1ar • O-Silylated eno1ates have 
l. 1 

~everal practical advantages as synthetic equivalents of 

conventional metal enolates and enol intermediates. Th€y 

.~ react regiospecif ica11y' wi th a vari~ty of electroph i1es. ' 

Therefore in our approach, ethyl isovalerat~ ~as converted ço 

the sy1y1 enol ether 108 using LDA and chlorotrimethy1si1ane 

in dry THF at -78°C. The crude product was disti11ed under 

red"ï.lced pressure to gi ve the pure compound- in 85% yie1d. , 

, 

.. 
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foEi LDA ,.~S 
THF Et 

TMSCI 
) 
~ 

85% 

-78°C 
108 

"-

f Scheme V.3 6 ./ 

. 
Condensation reaction of compound 108 with acetyl 

·chloride was carried at -78°C in dry methylene chloride using 

t~anium tetrach10ride as the activating agent. The crude \ < 

~I 

ç 

product was distilled under reduced pressure to give pure ~ 
t> 

in 90% yield: ~he compound was i~entical in aIl as~ects to 
. '. . ' 116 

that reported in the llterature • Alternatively, compound 

107 was prepared by condensing compound 108 with acetyl . 
chloripe in dry _methyle~ne ~h1oride at room temperature using 

ZnC1 2 as the activating agent. ~~C12 was found to be a better 

r
S 

~I Et CHzCI1 Et 
, '0 + .,. 

80% TiCI4 J. -780e 
108 107 

'" 

Scheme V.4 
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'choice in th is case, 1 because of the simplici tyc in the workup· 

procedure. . -

> 

Et 15% 

Scheme V.5 

. 
B~ PREPARATION OF 1,3-BIS(TRIMETHYLSILOXY)-1-ETHOXY-2-

ISOPROPYL-l,3-BUTADIENE (110) 
. 

The mono silylateà compound 109 was prepared by refluxing 
, 99 

107 with triethyl amine, 4nC12 and TMSCI in benzene • The 

crude product was 'a mixture of the mono and bis eno1 5i1y1 

, ether ~n 60: 40 ratio. They were separated by fractional 

distillation under reduced pressure. 

ZnCI
2 

TMSCI 

Scheme V. 6 

Et 

• 
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Compound 109 was converted to the bis enol sily1 ether 
.~ . 

110 by treating ethy 1 2-isopropy 1 3-trimethyl siloxy crotonate 
, , 

(109) with lithium diisopropylamide in THF at -78°C followed 

.' by quençh ing wi th TMSCl. 

basis of spëctral data. 

Compound 110 was identified on the 
û -

In i ts proton nmr spectrum the two 

sin~lets at & 4.10 and ô 4.27 are assigned to the vinylic 

protons. The presence of only one doublet for the isopropyl 

group is a clear indication that the two methyl groups ~re not 

diastereotopk as ~hey were in 107. Mass spectrum of compound 

lia gave the mo1ecuiar ion-at rn/z = 316 (M~). 

Compound 110 was also prepare~ by an alternate procedure 

from 107 using 2 èquivatents of LDA and TMSCI. The reaction 

was nearly quantitative and no C-si1ylated product was, 
, . 

observed. The second method was more convenient and was used \,-

for "further preparation of 110. 

Et 

2LDA 

2TMSCI 
THF 

-7 ff'c 

Scheme V. 7 

t.. 
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C. CONDENSATION REACTION OF 110 

The next attempt w~s to prepare the acetal 112 'by 

reacting 110 wi th trimethy 1 orthoacet'ate' in dry methylene 

'chloride using t i taniurn tetrachloride as the acti vating ,agent. 

The crude product was distilled under reduced pressure and the 

pure compound obtained was the elimination product 111 in 75% 
, -.-

yiela. Even thoug~ this is not surprising, we expected to get 

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

~ represented in Scheme V.8. In'another experirnent, the bis 

• 

Et 

Et 

\ 
" 

l' 

\Scherne V.8 

\ " 

enol silyl ether 110 was \ondensed with triethyl orthoacetate 

in meth~lene chloride at -78°C using TiCl 4 as the activati~g 

agent. The product obtained was the ketone 113. The reaction 

r , 
J 



/ 
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is depicted in Scheme V.9. Probably the acetal 114 was fQrmed 

Scheme V.9 

.. 

but it has undergone titanium tetrachloride-prornoted 
. 

deketalization which will be discussed later in this thesis. 

In order to avoid the deketali2ation, in another experirnent, 

the workup was carried out at a low ternperature. But only the 

keto ester was obtained. 

Our next attempt was to convert the elirnination 

III to the acetal. In an att'mPt to rnake the acetal 

elirnination product III was refluxed with trimethyI 

orthoformate, methanol and paratoluenesulfonic acid (catalytic 

amount). Surprisingly the product obtained was not the 

expected acetal 112. The proton nrnr of the product obtained 

showed rnethyl protons at ô 1.43 and a singlet corresponding to 

o 

1-
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the acetal protons at 6 3.13. But the methylene proton at the 
J ", 

4-pos i tion expected for the acetal 112 was 'not present in thè' ~ 

1 ' 
H nmr. The mass spectral measurement of this compound was 

not successful because of decornposition in the mass , 

spectrometer. We suspected the formation of .compound 115. 

H-C(OMe) 
3 

Et 

Scheme V.I0 

Probably the reaction might have gone through the pa~h 

described in Scheme III .11 which is similar to a reverse-

C1aisen reaction. The structure of compound 115 was cortfirmed 

by synthesising it from 107 by refluxing with methanol, 

trimethyl ortllioforma te and parat?luenesulfonic ac id:. The 

compound obtained was identical in aIl respects" to compound 

~ 115 obtained in the previous experiment. 

,. 



PTsA 

Et 

~Et 
PTsA > 

.... Scheme V.11 

9 

Et 

Ef 

Et ,----+ 

) 

/' 

// 
In the meantime a facile method for the 

. / 

synthesls ~f the 
" 

ketone 113 was developed by us using 
/ 

diketene as given in 
G'" \ p 

97 

/ 

Scheme V. 12. Diketene was dissolved in dry methylerl,e chloride 

followed by the addition of 108. The reaction mixture was 



( 

( 

. 

fo
MS 

Et 
+ 

Scheme V.12 
- . 

113 

Et 
18% 

98 

cooled to -78°C and titanium tetrachloride was added dropwise. 

After workup the crude product obtained was purified by flash 
~ 

column chromatography. -The product oQta!ned was !!l in 68% 

yield. The lH nmr spectrum of 113 reveals the presence of a 

vinylic proton at ô 5.47 and a broad singlet at ô 15.08 

indicating that the product exists in the en01 form. The .. 
doublet at ô 2.87 is assigned to the proton at the 2-position. 

The two doublets centered at ô~.50 and 0.60 are assigned to 

the isopropyl rnethyl protons. The infrared spectrum of the 

,product contained broad'band~ at 1620 and 1740 cm-l. The mass 

spec~_rurn of compound 113 gave the molecular ion at m/z = 

214 (M+). This reaction may have sorne utility for the 

preparâtion of polycarbonyl cornpounds. A plausible mechanism 

is depicted in Scherne V.13. 

(" 

• 
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r"e 
, : fMS CI 

, 

e . Et 

> / 
Et 

Scheme V.13 

In an attempt to ketalize 113, thé compound was refluxed , -- . 

with methanol, trimethy1 orthoforrnate and paratoluene su1fonic 

acid (catalytic amount). The product obtained was aga in the 

reverse-Claisen product 115. In order to avoid the reverse­

Claisen reaction described in Scherne' V.l1, the reaction tirne 

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 112 has turned out to be -....-

\~ difficult, we decided to look for other alternatives. The 
4 

/ 

J 
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ethylene acetal 116 was synthesised by refluxing III with 

------­ethylene glycol and ch1orotrirnethylsi1ane in dry methy1ene 

chloride as given in Scheme V.14. The ctude p~oduct was 

100 

purified by colurnn chromatography to give the pure compound in 

78% yield. In the proton nmr the doublet at ô ~.98 is 

assigned to the isopropyl methyl protohs. The proton at the 

2-position appears as a doublet at ô 3.40 and the me,thy,lene 

proton at the 4-position appears at ô 3.00-3.07. The sing1et . . 
at ô 1.43 is assigned to the methy1 proton. The 'triplet 

centered at ô 1.33 and the quartet at 6 4.20 is assigned to 

the ethy l protons. The ethylene protons of the ace"tal shows 

up as a sing1et at ô 4.30. The infrared spectrurn of compound 

116 shows two strong bands at 1710 and 1740 cm-l. Another 

potential candidate, the dithioacetal 117, was prepared by 

reacting compound III ",i th benzenethio1 and pyr.idine 74 in 

". 



carbon tetrachloride at roçm temperature. The crude product 

obtained 'was purifie~ by fractional 'distillation under reduced , . 
pressure.fo give the pure compound in 84% yield. The reaction 

i~ depicted in Scheme V.lS. No hernithioacetal wa~ isolated 

from this reaction. In the proton nmr, the two doublets 

centered at '0 0.80 and 0-.92 are ass igned to the isopropyl 
. , 

methyl protons. The triplet at ô 1.17 and the quartet at 

ô 4.JO are assigned to the ethyl protons. The proton at the 
~ . 
2-position aBpears as a doublet and is assigned to the peak 

• "'c~ntered at 0 3.13.' {he singlet at 0 3.37 is ass igned to the 

methylene proton at the 4-position~ Infrared spectrurn shows 

two streng bands at 1700 ~nd 1740 crn- l AlI these compound~' 

(Ill, 116 and 119) can be considered as the 3-carbon· 

el~ct~Phil'C unit required for the conaensatio~ and cYC~o­
aromatization'reaction te forrn the arornatic ripg. 

Et 

Q}-SH 
Et 

Pyridine 

Scheme V.lS 
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. 'D. SYNTHESIS OF NUCLEOPHILIC COMPONENT 

Thecnucleophile required for the cycloaromatization 

react;.ion was the d ianion equ i valent ·118 of methyl , 

acetop~ruvate (120) which can provide the other 3-carbon unit 

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

bis(trimethyl siloxy)-pentadienoate (122) was synthesised in 

two steps from 120. 

~OOMe 
A ft . ?TMS ?TMS 

-~OOMe ~OOMe 

,.-
The first step involves the formation of a monosi1y1ated , 

compound using triethylamine, znC1 2 and TMSC1 as in 

'Scheme V .16. The product obtained was a rnixt~re of the mono­[ . 

" 

R g Et3,N 
~OOMe --z-n'"-C-I~--< 

Benzene 
TMSCI 

Scheme V.16 

.. 

~
MS . 

58% 
,OOMe 

~
MS TMS 

38% 

OOMe 
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silylated compound 121 and the bis silylated compound 122 in a 

ratio of 60:40. Thèse compounds were separated by fractional 

distillation under reduc~d pressure. Conversion of'compound 

121 to 122 was carried out using one equivalent of LDA and 
~ ( 

TMSCl in THF. 

We. were able to prepare c~mpound 122 fro~ 120_in one-step 
", 

using 2 aquivalents of LDA and TMSCl in THF at -78°C. 

~OOM. 
.no 

2LDA 

2TMSCI 
THFo -78 C 

Scheme V.l7 

?TM~?TMS 

~OOMe 

. , 

In Qoth caSéS describe9 above, the workup procedure was rather 

tedious. Filtration of the crude product, after treatment 
. , 

with hexane to remove the inorganic salt, was difficult. 

Recently, the synthesis of enol silyl ethers using 
'-

trimethylsi1y1 trifluoromethanesulfonate (123) was reported 

by Sl'rnchen and Koberl18 • (F l S h V 18) or examp es see c eme • • 

We have adopted this procedu~e to make compound 122. 

Therefore, when 120 was refluxed with zinc ch10ride and 

9 , 



. 

.' 

, .. 

> 

1 

Scheme V.lS. 

, triethylamine in brzene after theo addition of 2 eq}livalents 

of trirnethy1silyl trifluoro ethanesulfonate (123). The bis 

104 

enol sily1 ether 122 was iso The reaction 

is depicted in Sch,erne V .19. he method was found to be rnuch 

/ 
. " 

.tJ 
.li 
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105 
" 

·~OOMe+ 
ff 

2 TMSo- 5 -<:F3 

8 
• Et N 

~ 3 
Benzel'le 

ZnCI2 

TM~TMS 
, •. 18% 

OOMe 

Scheme V.19 

J 

simpler in its workup. The only drawback in this case is the 
~ -' , • h igh cost of the reagent 123~ 

. 
E. CYCLOADDITION REACTION USING COMPOUND 122 

Cyèloaddition reaction of compound 122 was first- tested 

by reacting the compound with the monosi1ylated compound 121 
• 

in the Q~esence of titanium tetrachloride as the activating . ' 
agent as shown in Scheme V.20. 

,TMS? ?TMS 

~OOMe COOMe 

TMS9 H 
~..J'I~OOMe 

Scheme V. 20 

.' 

1 

1 

1 

1 

.. 

\ 
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Compound 124 was the expected aromatic compound obtained, 

by the cyc1oaromatization rea~tion. In the proton nrnr 

spectrum 6~ 124; the sing1et at ô 2:20 is assigned to the 
... . 

methyl protons on the aromatic ring. The ester m'ethy1 protons 

are assigned to the sing1ets at 6 3.83 and 3.90. The' arornatic 

proton~ appear at ô 6.90 and 8.13. The phenolic hydroxyl was 

confirmed by deuterium.oxide 'exchange (peak at ô 6.5) in 

IH nmr • 

A mechanism for the formation of compound 124 is 

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

l'a 
TM~~-TMS CI ?\ 

M 
ct TMS(" 

J
:' 000 ~~ 

TMS?J tR-TiCI 3 

~OOMe 

OOM~e __ ~ 

" 
OOMe 

Scheme V. 21 

'> 

OOMe 
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C't>mpound 122 is indeed capable of undergoing the cyc1o- ,-..::::.;=;--

aromatization reaction by acting as the nuc1eophi1ic 
\ . 

component, our next aim wa~ to synthesise the target inter~ 

mediate 104. Since it has been reported from this 1aboratory 

104 

OOMe 

OOEt 

i 
" 

that the condensation of 4-methoxy but 3-en-2-one (125) with. 

1,3-bis{trimethy1si1oxy)-1-methoxy buta-1,3-diene gave 

6-methyl sa1icylic acid (126)74, we attempted the condensation 

LOOM~ 
~ 50% 

1 

Me~ 

Scheme ,V. 22 



~ 

-. 

\ 

108 

.' 
of 'Ill \\ri th the bis eno1' silyl ether 122 us ing TiC1 4. as the 

activating agent in dry mebhylene chlor.ide. Unfortunately no 
. ' 

e~pected '-"cycloaromatization\. reaction was observe~...," The crude 

reaction mixture on purification by column chromatography gave 

the starting material III a10ng with the self condensation 

PFoduct 124.~ Repeating th, reàction at room temperature using 

" 
OOMe 

/ 

... ~ 
OOMe Œ 

+ 
TiCI4 

CH2Clz 
-7S0C 

Et OOMe 

OOEt 

.l1L 
c 

'l.!M.. 

Scheme V.23 

l 

the same activatipg age~t ~id not give the expected compound 

104. Using ZnC1 2 as the activating agent, the.condensatiGn 

'r~action was repeated, but't~e. results were the same, except 

that no self condensation product resu1ted. 

. " 
,.. 

.,J. 1. 
,!." 

"..,.. 

J 

" 
\, 
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Since su1fur can stabi1ize the positive charge better 

than oxygen; .we thought it reasonab1e to make the thio ana10g 

of lr1, ethyl 5~pheny1thio-2-isopropy1-30ne hex-4-enoate 
o , 

(129). The starting materia1, 3-pheny1thio-crotonic acid ~ 

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

1aboratoryl19 by reacting diketene with benzenethiol in the 
s 

presence of concentrated H2Sà 4• Compound 127 was converted to 

the acid ch10ride ~ by reactiqg it with oxa1y1 chloride in 
. 

dry benzene. The reaction was comp1èted in 10 min and the 

-acid ch10ride 128 was obtained in quantitative yield' 

(Scheme V.24). Compound 128 was found to be very unstab1e 

, , 

OxalYI chloride 
>. 

Bèzene 

" 

Scheme V. 24 , 

..... 

. 
and was therefore immediately èondensed wit? 108 in the 

presence of TiC1 4 as the activating agent. The resu1ting 

product was the expected compound 129 in 70% isolated yie1d. 

It existed as a mixture of two geometric isomers~which could 

not-be separated. The reaction is represented i~cheme v.25. 
~ 

. , 
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110 
\ 

\ 
\ 

\ 

~, + 
t Tici. ~ A~Et CH~Clz 

. 7àoc - \ 
~ 

\ / 

/-/ 
----

Scheme V.25 \ " j 

\ 
\ 

\ 
\ 

In a- similar approach, the 'benzylthio ~eriva'Çive, ethyl 
\ 

5-benzylthio-2-isopropyl-30ne-hex-4-enoate (131) was prepared 

starting from 3-benzylthio-crotonic acid (130) as depicted in . ' -
Scheme V.26. -co~und 132 wa~ a ~ixturetOf 2 geo\~tric 

~ \ 

';p ~H2tP 1 

~
2 Oxalyl Chloride 

)0 

H Benzene 
U9 ~ ru 

, . 
X~S r uEt' 

OEt· 80% 

Scheme V. 26 

• 1 

\ 
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isomers in the ratio of 75:25. We were able to separate the 

• isomers by ~ol~mn chromatography. The isomers were 
, 

characterized on the basis of nuclear Overhauser effect 

(NOE)120,12l. The major isomer was the one' in which the vinyl 

hydrogen and the methyl group are trans to each other. This 
0, 

was assigned on the basis that there was no increase in the 
1 ' .. 

i·ntens i ty of the methyl signal in the H nmr spectrum upon 
ù 

double irradiation of the 'vinyl hyd~ogen. The major isorner 
~ 

was thereforè~he E isomer 133. In the case of the minor 
(' 

isomer 'in which the metliyi and the hydrogen are cis to eàch 
" 

other, ~there was ~ considerable increase in the intensity of 

the methyl peak upon double irradiat~on. On this basis, the 

" minor isomer was assigned the Z st~reochemistry ~(134). 

Et 

E 
z· 

133 134 -> • l, 

Ketalization of the compounds 129 and 132'were not 
., 

successful~ The condensation reaction of both these compounds 



, 

( 

ç 
.;-' 

( 

112 

129 and 132 was carried out with the bis enol si1y1 ether 122 

in _ the presence of TiC14 as the actiità.ting agent. ,No new 
" - v 1 

aromatic compound was detected in the H nrnr of the crudè 

product., Purif tcation of the crude product by column 

chromatography resu1ted in the isolation 'of the starting 

rnateria1 and a small am~unt of the self condensation-product 

124.x 

;:~ 
OOMe 

OOMe 
OOEt 

+ 
CH2Clz 

, TiCI4 

~ -78°C 
Ét 

~) OOMe 
+~ 

~ "cOOMe 

-? .. 124 

~A OOMe 

~ OOMe OOEt 
~~-~----- " CH

2
Clz .. • 

+ TiCI
4 

,,-78~C 
Et OOMe 

+134 

124 " 

Scheme V. 27 

.-.. -_/ 
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Before we came to any conclusion, we decided to do the 
\ , 

condensation reactions of the other ac'etals which we had 

a1ready prepared (Schemes V.14 and V.IS). Thus the ethy1ene 

acita1 116 was reacted with the bis enol silyl -- \ 
\ 

the presence of TiCI~ a~ the activating agent. 

crude product indic~ed the absence of any new 

ether 122 in 

IH nmr of the 

ar0matic 
'\ 

product. There was sorne evidence for the formation of a 

sily1ated keto ester 135 and the self condensation product 

124. Purification of the crude product by column 

chromatography gave 113 and 124. 

~OOMe 
yTMS ?:MS <> 

~OOMe 

OOEt 

-+~ 
Et 

Et 

Scheme V. 28 

113 ;' 
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, 
A simi1ar condensation reaction was carried out with the 

qithioaceta1 117 and 122 in the presence of TiC14 as.the 

activating agent. But unfortunate1y no expected aromatic 

compound was iso1ated. There were sorne peaks in the crude 

1H nrnr spectrum between 6 ppm and 7 ppm. These peak~ 

disappeared from the fractions obtained after co1umn 

chromatography. They cannot be assigned, ta any aromatic 

c~pound. The on1y product iso1ated was the self condensation 

product 124. 

)
yTMS?TMS , 

~OOMe 
122 

Et 

OOMe 

OOMe 

, 124 

Scheme V. 29 

At .this stage, we'as~ume that 1,3-keto ester 

functiona1ity in the compounds 111, 116, 119, 12~ and 132 



" 

might have contributed negatively in rendering the 

cycloaromatization reaction. One possibility is that these 

compounds probably u,;dergo s ilylation during the r"eaction. 

Another possibility ~s that the steric hinderance due to the 

isopropyl group may prevent either the complexation with 

115 

TiC1 4 or the approach of the nuc1eophi1e, either of which will 

not lead to cycloaromatization. 

The ne~t approach was to avoid the first problem 

mentioned above by 'protecting the keto group at the 

~-pos i tion. Oi rect ketaliza tion 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 
l 

adjacent isopropyl group. Therefore, the only possibility is , 

to incorpQrate an acetal or an equiva1ent at the 3-posit'ion 

while the molecu1e is being constructed. 

With ,this in mind, the orthoester 137 was synthesised .. 
according to the literature procedure 122 ,123 4,4-Dlchloro-

." but-3-en-2-one (136) was prepa:ç-ed by reacting acetyl chloride 

with vihylidene chloride (135) in the presence of"AIC1 3• 

Compound lli was then reactÈ~d wi th sodium methoxide to get the 

compound' 137 as in Scheme V.30. Compound 137 (4,4,4-tri-' 

methoxybutan-2-one) was th en reaèted wi th the enol s ilyl ether 

108 in the presence of TiC1 4 at --78 oC. The expected acetal 

138 was not' obtained, but methyl acetoacetate.and ethyl 
- 0,'1\ ...... 

isovalerate were recovered frorn the crude reaction mixture. 

The reaction is depicted in Scheme V. 31. . 
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Scheme V. 30 

fo
MS 
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Scheme V. 31 
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At this time, a new thio eno1 si1y1 ether, 1-trimethyl­

siloxy-3-phenylthio~1-methoxy-buta-l,3-diene (139)119 was 

117 

p~epared in our laboratory and its nuc1eophilic reactivity was 

tested with a number of e1ectrophiles. As in the case of 

(j>f ?TMS 

~Me 

139 

1,3-bis-(trirnethylsiloxy)-1-rnethoxy-buta-l,3-diene, the site 
, 124 

at C4 was found to be more reactive than that at C-2 • We 

decided to use this information to crea te a new dianion 

equivalent of ethy1-2-isopropy1-3-o~o-butanoate. We aiso take 

advantage of a methodo1ogy to ma~e vin~1 su1fide using P2~5 as 

pub1ished by Trost in 1983125 (Scheme V.32). In a simi1ar 

P.20S 
) 68% 

~-SH 

\ 

Scheme V.32 

\ 
.... 

li 
4 
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way, we were able to make tne required vinyl suIf ide, ethyl 

3-phenylthio-2-isopropyl-but-2-enoat~ (140) by stirring ethyl 
,0 

2-isopropyl-3-oxo-butanoate (107) wi~r benzenethiol and P20S 

for 20 h as in Scheme V. 33 • Compound 140 was converted to the 

r,t>-SH 70% 
Et Et 

107 140 

Scheme V. 33 

correspondlng eno1 si1y ether (1-trimethy1siloxy-l-ethoxy-

2-isopropyl-3-phenylthio buta-f,3-àiene (141) by the 

fol1owing procedure. LDA was prepared in THF at 0 oc 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. TMSC1 and al1owed. to warm to room temperature. 

Aft~r the workup, procedure, the nmr of the crude product 

showed the formation of the expecteà enol si1yl ether. But 
" "-

the proàuct contained sorne impurities. Since the cornpo~nd was 
~ 

found to be very unstab-le, further .purification was not 

possible. The formation of the enol silyl ether was confirmed 

) 
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f 

on" the basis of its reaction with trimethy1 orthoacetate as 

fo11ows. 

~Et 
LDA 

~ 
.. TMSCI Et 

, THF 
, 

140 141 

Scheme V. 34 

. 
Compound 141 was reacted with trimethy1 orthoacetate in 

the presence o~ TiC1 4 poping ta get the aceta1.143. 

Unfortunate1y the product isolated was the ketone 142 which 

might have arisen from, the aceta10 143 by cleavage wi th TiC1 4 

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

Scheme V. 35 

/ 

Et 

50% 

119 
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1 sily1 ether 141 is capable of un~ergoing condensation-~eaction 
1 

Whichl can be used for the chain elo~gation reaction to cré'ate 

new ~inyl suIf ides. 

IThe ketone 142 is aiso a potential intermediate which, we 

thought, might be able to convert to the required acetal 143. 
1 

Therefore, the ketone was r~f luxed wi th methanol, trimethy 1-

orthoiformate and paratoluene sulfonic aaid. ·Unfortunately,· no 

expec~ed acetil was isolated. Instead,' a light yellow 
, 

crystalline compound, 144, was obtained "(Scheme V.36), In the ---. 

CHlOH 

Et PTsA 

H-C(OMe)3 

M 

.. 
Scheme V.36 

Et' 

lH nrnr, \the doublet at ô 1. 41 ls ass 19ned to the isopOropyl 
\ , 

rnethyl protons and the multipl~1: at ô 3.l0-~7 is asslgned to 

CH 
t'he methine proton (-CH / 3) on the isopropyl group. The 

-'\. CH 
- 3 

" 
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yinylic proton appears at ô 5.40. The singlet at ô 7.48 ts 

assigned ta the ring proton. The infrared spectrum of the 

compound showed bands at 1630 and l710 cm -1 We have also 

prepared the vinyl suif ide ~, but the preparation of the 
," 

corresponding enol silyl ether was not successful. 

1!§.. . 

In an a--.l ternate method for the preparation of the acetal 

143, compound 141 was reacted with trimethyl" orthoacetate in -- . 
the presence of ZnCl 2 as a catalyst. IH 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 143: 1e decided to do the 

condensation reaction wi th the bis en01 silyl ether 122 using 

121 

~,the crude product before purif ication. Therefore compound 143 

was mixed with the bis enol silyl ether 122 in methylene 

chloride and TiC1 4 was added dropwise. But no expected 

arornatic compound was isolated (Scheme V. 38) • In order tQ . 
'" . 

--- ~-- ----- -
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Scheme V. 37 

" Cj>TMS?TMS' 

~OOMe 
1~~ "TiC:l. 
+ 

Et 

Scherne V.38 

Il 
(1 

OOMe 

OOEt 

" . 

check the reactivity of !il, the condensation reaction was 

repeated with 1,3-bisttrimethylsiloxy)-1-methoxy-buta-l,3-, 

, f h . h" f " 1) 126 diene (WhlCh waa used or t e synt eS1S 0 ollveto as ... 
• depicted in Scherne V.39. Again only starting materials were 

recovered. 

122 

1 
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Q 
123 

.. ' 

J':MS?TMS 
7~Me 

122 ' 

+ 

Et 

Scheme V. 39 

, 
Considering aIl the reactions that we hâve 'done so far 

one can come te sorne conclusibns, namely, in spite of the many 

".-different carbenyl equivalents used (ketal, thioketal, enal 

,1 ether, enol thioether), the condens-ation of 122 with a 
" 

3,5-diketoester bearing a 2-isepropyl group has ~ot been 

succe~sful. We can only attribute the difficulty to the 
'-

presence of the isopropyl group. The diffiëulty is manifested 

, in several ways.. The f irst ls the poss ib lu ty' of a retro­

Claisen (or Aldol) type reaètion as observed in Scheme V.IO. 

The second manifestation is that titanium tetrachloride, 

instead of complexing with the ketal function te promote the 

condensation reaction, leâds to the deketalization reaction. 
, " 

This ls the case'af the reaction of 141 with.trimethyl ortho-

, , 
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acetate (Scheme V. 35) • The ketal of '143 is çonverted to the 
\ 

ketone 142. 

Recently i t was repbrted in the li terature: 27 that 

acetals and ketals can be converted to carbonyl compounds by 

usin~ TiC1 4 as a promoting agent (Scheme V. 40 ),. 

" 

j 
~' )e=o + Rel + ROTiel, 

1 
Scheme V.40 

,~ 

conclusion that it is the 2-isopropyl group 

which preven l3 the condensation of 122 with a tri-carbonyl 

equivalent 'n mind, we attempted two possibilitles. The first 

q,uestion wat: Is the cycloaromatization possible if the 
,J 

isopropy1 group is in the nuc1eophilic component instead? If 

the target lintermediate 104 is bisected in another fashion, 
, 
, . 

one can 'Sfthat ~it may be constructed by the condensation of 

110 wi th 1 3 according to the retro-synthes is depicted in 

-' 
Scheme V.4. Our first attempt was' to make the compound 143. 

• 
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OOMe 

OOEt 

Scheme V. 41 

~
MS TMS 

OOMe 
+ Et .' .A 110 

v-

Et 

.. 

'Therefore 122 was reacted with trimethY1 orthoac"etate in 

methy1en~ chloride us ing TiC1 4 .as the acti vating agent. 

Unfortunately no expected aceta1 143 was forrned. Instead, a 

srnall amount (10%) of the elimination product 146 was 

iso1ated. The rest was a polymerised tar (Scheme V!42). 

125 
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~ 126 
\ 
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~ 

~ Ti CI. 
CH3-C( OMe)3 + OOMe 

~ 
CH2Clz 

OOMe-

Scheme V.42 

Since the reaction did not work as'we expected, we tried 
, 

a 'on~-pot reaction' to avoid any e1imination during the 

workup. In this 'case we ,first rnixed the trirnethyl ortho-

acetate and 122 ~t-78°C and then TiC1 4 was, added ta the 

reaction rnixt,ure. The reaction mixture was stirred for 2 h at 

-78°C fol1owed by the addition of compound 110 and TiC1 4• No 

exp~cted aromatic compound was isolated. The crude product on 

purification gave III along with the keto ester 107. 
~ 

Com~ound 

III was formed by a single; condensation reaction of the bis --. ' , 
eno1 sily1 ether 122 with trimethyl orthoacetate sirnilar to 

, --
what was reported in Scherne III.S. Ethy1 2-isopropyl-3-oxo­

butanoat~ (107)' was forrned from the bis eno1 ether 110 during 

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

'J 
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OOMe~~~t 
OOEt À v+ 

11L 

. Scheme V. 43 ..: 

127 

il 

Et 

We therefore asked~the second question, if thé isopropyl 

group is absent in either the nucleophilic or the 

electrophilic component, can condensation of compound 122 with 

"a trica~bonyl compound take place? We therefore decided to 

make the acetal 147. 1,3-Bis(trimethylsiloxy)-I-methoxy 

buta-1-3-diene was condensed with trimethy1 orthoacetate 

(excess) using TiC1 4 as ·the acti vating agent. The compound 

~ 

- ------.:::..-



isolated was the elimination product 146 in 62% yield. The 

reaction ls depicted if.l Scheme V. 44. Compound 146 was then 

•• r 

~
MS Me CHz CI2 

TiCI .. >-

Men,..pMeA R 
~Me 

Scheme 44 

sUbjected to ketali~ation using methanol, paratoiuenesulfonic 

128 

acid and excess Of trimethyl orthoformate. The resulting 

compound was the acetal 148 with a methoxy group in the 3-

posi tion' {Scheme V. 45}. Essentially, compound 148 has aIl the 

PTsA 

H-C(OMe)3 

\ 

Scherne V.45 

Me 

148 
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characteristics that can undergo cycloaromatization reaction 

with the nucleophile 122. A plausible mechanism for the 

formation of 148 is rePFesented in' Scheme V. 46. ~lhen 148 was 

ID 

~ 
M~ j>Me?Me R 
~Me 

. Scheme V. 46 

" 

) 

.. 
MeOH 

.. 
MeOH 

--7 
Me 

--?> 
Me 

~ 

Me 

condensed" with the bis eno1 si1y1 ether 122 -in dry methylene 

chloride at -78°C using TiC14 as the activating agent, new 

129 
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arOlltatic compounds were detected in the IR nrnr of the crude . 
.' 

product. Purification of the crude reaction mixture gave two 

new aromatic compounds. The spectral 'data of the se comp9unds 

do not fit the pro~erties expected for aromatic compound 149. 

Th~ structures of these compound~ were assigned on the basis 

130 

of their spectral data and also from their chemical beha~iour 

as -15~.. The condensation reaction was repeated with a 

.M 

fMS?TMS 

~OOMe 
TiCI4 

Me 

Scheme V.47 

OOMe 

OOMe 

shorter reaction ti~e (12 h) and on1y one compound, ~50, was 

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

been formed from 150. 
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In the proton nrnr of 150, the sing1et at 6 2.31 is 

assignea to the rnethyl group on the ring and the singlet at 

6 3.83 i~ assigned to the rnethy1 protons of the esteri The 

singlets at 6 6.72, 6.85 and 7.24 are assigned to the protons 
1 /' • 

on the ring. The pheno1ic proton appears at ô ID.65 

131 

indicating'that it i5 intrarnole~ular1y hydrogen bonded to the' .... 

adjaeent carbony1 group. Infr~red ~pectrurn showed bands at 

1680, 1720 and at 3400 cm-1 Mass spectrurn of 150 ~ave the 

+ mo1~cu1ar ion at m/z = 234 (MI). , 13C nrnr indicated the 

presence of 12 ditt~rent carbons at 6 22.14, 52.89, 105.16, , 

113.52, 118.75, 119.08, 134.88, 142.49, 149.50, 160.29, 161.64 

and 164.61. 

The attached proton tests (APT) have been found very 
.. 

use fuI for the idef!tification of quaternary, ,CH, ca 2 .... and CH 3 

carbons in 13c nrnr spectroscopy128-130 Such a tést was 

carri~d out for 150. Thee ;tegative peaks a't 6 22.19 and 52.19 

are assigned to the methyl on the arornat~c ring and the ester 

methy1 respective1y. The other three'negative peaks at 
\ 

113.54, 118.51 and 118.92 are'assigned to the viny1ic CH 
\ .. 

carbons. The positive peaks at 6 105.16, 134.84, 142.44, 

~149.53 and 161.56 are assigned to the quaternary carbons. 

In the proton nmr of 151 the sing1et at ô 2.40 is 

assigned to the methy1 protons on the ring. There were two 
.. 

sing1ets at ô 3.82 and <3.93 corresponding to the -OCH 3 

protons. The sin~1ets at ô 6.81 (2B) and ô 7.~3 -are assigned 



. . 

to the vinylic proton on hhe ring. In the infrared spectrum, 

there were two strong~ba~ds at 1720 and.1740 cm-l and no band 

corresponding to the ~droxyl group was present. Mass -, 
1 + 

_spectrum gàve the mo1ecu1ar ion at,m/z = 248 (M.) and the 

+ fragmentation pattern was at m/z = 233 (Mo-CH 3 ) and 189 

(~-COOMe.). ~3C runr indicated the presence of 13 different 

signaIs at ô 22.10, 52.78, 56.34, 87.14, 112.17, 113.74, . 
119.99, 137'~r 138.21, 143.57, 147.67, 160.83, and 161.69. 

It seems that the condensation reaction proceeded in the 

132 

desired manner, except that the reaction went one step further 
, 

by cyclizing the ester side chains. We tried to stop the 

second cyc1ization by further reducing the reaction time. 

However, no condensation reaction was observed. Hence we 

believe that the first cyclization is slower than the second 

cyc1ization. Use of ZnC1 2; instead of TiC1 4 as the activating 

agent failed to give any condensation products. 

A plausible mechanism accounting for the formation of 150 

and 151 is depicted in Schemes V. 48 and V. 49 respecti ve1y' •. 

The structure of 150 was confirmed by chemical transformation. 

Compound 150 was reacted with s~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 comp1eted in 10 min 

/, 
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Scheme V.48 

) ) 

'7 

( Scheme V. 49 
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'ct> e 
NaOMe ~ 1E 

~ OOMe 

OOMe 

149 

Scheme V. 50 

/ 

/ 

at room temperature in quantitative yield. The .light yello/ 

solid thus obtained was insoluble in 

The compound was recrystallized from 

\ 

Sche~e V. 51 

/ 

most organic sOlve~. 

petroleum ether. An the 
,1 

/ 

/ 

/ , 
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/ proton nrnr the s inglet at & 2.5 is .,ass igned to' the methy 1 

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

.and 7160 are assigned to' the ring protons. The sing1et at 

ô 10.70 is assigned to the intrarn01ecularly hydrogen-bonded 

pheno1ic protons. The acid proton appears as a broaa singlet 

at ô 3.5. Infrared spectrum of the acid showed strong bands 

at 1695, 1725 and two broad bands at 3200 and 3500 cm-l. , 

These broad bands are characteristic of phenolic and 

carboxylic acid absorptions. Mass spectrum of the acid gave 

the molecu1ar ion at m/z = 220 (Mt). In the fragmentation 

pattern, mass spêctru'm shows the 1055 of COOH with a fragme'nt 

at m/z = 175 (Mt-COCH ). 

135 

We can therefore conclude that cycloaromatizati9n between 

122 and a tricarbonyl equivalent such as 148 can indeed occur. 

The presence of the isopropy1 grou~owever, rendered the 

cycloaromatization impractica1. AnY)futurè design in the 

synthesis of gossypol, using the cycloaromatization approach, 

must take this fact into consideration. 
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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 weré used. FT-IR spectra were recorded on a Nicolet 

7000 series instrument. 

Mass spectra (ms) were obtained on a Dupont 2l-492B mass 

spectrometer either by a direct insertion probe or by a batch 

inlet and on ,a Hewlett-Packard mo~el 5984A coupled gas 

chromatograph-mass spectrometer. 

n magnetic resonance (lH nmr) sp~ctra were recorded 

T-60A, or XL-200 spectrom~ter, using either , -
'--~-

e-thyls ilane (TMS) or chloroform as the internaI 

standard. The peaks were designa ted as ,~inglets (s), doublets 
, , 

(d), triplets (t) and quartets (q) or multiplets (m). The ---doublets and triplets were recorded at the centre of the peaks. 

l3C nrnr spectra were recorded on a Varian XL-200 or 

Brucker WH-90 spectrometer. 

Analytical TLC was perforrned on Kieselgel 60 F254 (Art. 

5554-MERCK). For the visualization of the compounds, q dip 

solution containing ammonium molybdate (2.5 g) and ceric 

sulfate (1 g) in concentrated sulfuric acid/water 

(10 mL/90'mL) was used. 

, 1 , .. -



Column chromatography was performed by ~lash column 
, "" 109 

'chromatography as described by Stil'l • For flash column 

chromatography, silica gel (Kieselgel 60, 40-63 ~) supplied 
e. 

by Merck was us~d. 

Solvents\ ~sed for the"'reactions wet:e cornpletely dried. 

THF was dried over sodium and benzophenone (indicator). 

Benzene was dried over~jurn and kept over sodium wire. 

Triethylamine was dried over phosphorous pentoxide. 

Optical rotations were measured using a Perkin-Elmer 141 
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polarimeter and elemental analyses ~ere determined by Guelph , 

Chemical Laboratory, Guelph, Ontario. 

Preparation of methyl 3-trimethylsiloxy-but-2-enoate (~)99 
, 

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 benzel)e followed by c'hlorotrimethyl-

silane (108.5 g, 1 mol). An exotherrnic reaction was "noted 

after 30 min. The temperature was then raised to 40°C and the 

reaction mixture was stirred at that tempe rature overnight. 

After cooling, th~ reaction mixture was added to l L of ether 

(dry) and filtered. The filtrate and combined ether washings 

were concentrated in vacuum to give a brown oil. Distillation 
'1t 

through a vigreux column gave 60% of the monosilylated 
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., 
compound (~). The spectral data were identical to the one$ 

"' 99 . 
'report.ed in the literature • 

PreparatJon of l,3-bis-(trimethylsil~xy)-1-methoxy-

butadiene (~) 74' . J 

To a solution of dry di isopropy,lamine" (34 mL, 24 mmol) in 

dry THF (50 mL) under nitrogen at ooe 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 

wa~ cooled to -78°C an9 methyl 3-trimethylsiloxy but-2-enoate 

(3.8 g, 20 rnmol) was added. The yellow anion was quenched 

after 10 min with chlorotrimethylsilane (4 mL). The mixture 

was allowed to warm to DOC and concentrated in vacuum. The 

residue was triturated with dry hexane (20.0 mL) and was then 

filtered. The filtrate was concentrated under high vacuum, 

to give the bis enol silyl ether as a yellow oil. Tne hexane 

treatment was repeated (in case any salt was' aga in 

precipitated) using 100 mL of dry hexane. The compound ~as 

not stable enough to be distilled and therefore was used as 

such for the next reaction. The compound was identified by 

74 1 comparison with the known spectral data • H nmr (CDC1 3 ), ô: 

0.14 (s, 9H,); 0.20 (s, 9H), 3.48 (s, 3H), 3.88 (d, lH), 

4.09 (d, 1H). , 

• 

.. 
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Preparation of 2-methylaceto-2-methyl-l,3-dioxolane (2!) 

To a well-stirred solution of methyl acetoacetate 

,(1.16 g, la rnmol) and ethylene glycol (1.24 g, 20 rnrnol) in 

25 mL methylene chloride (dry) at room temperature was added 

slowly over a period of 20 min chlorotrimethylsilane 

(1.63 g, 15 rnmol). An exothermic reaction was noticed. The 

, 139 
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reaction mixture was refluxed for 20 h, cooled and washed with 
" 

5% aqueous sodium carbonate solution. The meth1lene chloride 

solution was dried over anhydrous magnes~um sulfate, filtered 

and evaporated. 'The cru de product was distilled to get the 

pure dioxolane in 90% yield as a colourless oLl: 

bp 36-38°CjO.25 to~r; 

lH nrnr (CDC1 3 ), ô: 3.96 (s, 4H), 3.66 (s',3H), 

2. 66 ( s , 2H) and 1. 46 (s ~ 3H); 

Anal. 

C 52.38; H 7.60. 

Prepàration of methyl 3-oxo-octunate (~)100 

found: 

Dry tetrahydrofqran (25 mu) was distilled into a 50 mL 

flask containing 54 mg of sodium hydride under nitrogen. The 

flask was cooled in ice and methyl acetoa~etate (1.16 g, 

10 rnmol) was added, dropwise and the colourless solution'was 

stirred at OOC for 10 min. Then 4.8 mL (10.5 mmol) of n-butyl-

lithium in hexane was added dropwise. The orange solution was 

stirred at O~C for an additional 10 min. A solution of 
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" n-bromobutane (1.50 g, Il mmol) in 2 mL THF was added and the 
1.. 

reaetion mixture was
c 
stirred at roorn temperature forcIS min. 

The mixture was acidified with cone. HCl and was diluted with 

5 mL of.' water and 15 mL of ether. The organic phase was 
, . 

washed with water cmany times until the aqueous extracts were 

neutral to pH. The ether solution was drieo over anhydrous 

magnesium sulfate, filtered-and concentrated under vacuum. 

The erude product was distilled under redueed pressure to give .. 
a eolourless oil in 68% yield: 

bp 56-58°C/O.54 torr: lit. bp 53-54°C (0.4 torr)lOO: 

) lH nmr (Cnel
3

), ô;, 0.77-1. 87 (m, 9R), 2.55 (t, 2R), 

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

Preparation of the 1,3-dioxolane 92 

To a'well-stirred solution of 'methyl 3-oxo-oetonoate 

(1.72 g, 10 rnmol) and ethylene glycol (1.24 g, 20 mmol) in dry 

methylene chloride at room temperature was added ehloro-

trimethylsilane (1.63 ~, 15 rnmol) over a period of 20 min. 
~ 0 

The reaction mixture was refluxed for 2~ h, cooled and washed , . 
, 

with a 5% aqueous sodium carbonate solution. ~he ethylene 

chloride solution was dried over anhydrous magnesium sulfate, 

filtered and concentrated under va~uum. The crude product was 

distilled under reduced pressure to give a colourless oil in 

88 % 'yie.ld: 

,.. 

L 
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bp 84-85°C/O.5 torr1 lit. bp 97-99 ô C (1 torr)1011 

lH nmr (CDC1 3 ), ô: 0.77-1.53 (m, 9H), 1.73 (t, c 2H ), 

2.60 (s, 2H), 3.63 (s', 3H), and 3.93 (s, 3H); 

ir (CC1 4 ): 1780 cm-11 

Anal. calcd. for CIlH2004: C 61.081 H 9.32; 

found: C 61.13; H 9.35. 

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

A mixture of methyl 3-oxo-octano~te (1.72 g, la rnmol), 

dry methanol (30 mL), trimethyl orthoformate (5 mL) and a 

trace amount of para-toluenesulfonic acid were refluxed for 

24 h. The reaction mixture was cooled and poured into a 5% 

141 

sodium carbonate solution and ext~acted with ether. The ether 

extract was washeq once with water and dried over anhydrous 

magnesiurn sulfate and filtered. The filtrate was 
. 

concentrated under vacuum. The crude product was purified by 
. . 

passag~ through flash colùmn chromatography (e1uent: ethyl 

acetate/hexane 1:9, v/v). A co1ourless oil was obtained as 
\. 

----the pure product in 78% yield: 

lH nmr (CDC1 3 ), ô: 0.87-1.93 (m, 1lH), 2.67 

( s, 2H), 3 • 20 ( s , 6H) and 3. 67 ( s , 3H) 1 

. -1 
ir (CC1 4 ): 1750 am • 
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Preparation of the 1,3-dioxolane 94 
, 

The ketal 92 (2 .16 g, 10 mmo1) was re fluxed with a 30% 

sodium hydroxide solution (20 mL) for 24 h. The reaction 

mixture was· cooled and acidified with hydrochloric acid 
-

(wat~r/conc. HCI, 50:50, v/v) to pHo 3., During neutralization, 

the reaction mixture was cooled in ice water. The product 

was quickly e~tracted with ether and washed once with 
, 

distilled water. The ether solution was dried over anhydrous 

magnesium sulfate and filtered. The filtrate was evaporated 

to get the acid in 69% yield. The acid was a co10urless 

thick oil, which solidified on coo1ing: 

1 H runr (CDC13 ), ô: 0.77-1.50 (m, 9H), 1.57-2.00 

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

( s, IH). 

Preparation of the 1,3-dioxolane 95 , 

, The acid 94 (2.02, 10 mmo1) was dissolved" in dry benzene 

"under nitrogen. The benzene solution was sti~red at room 

temperature for 10 min. Oxa1yl chloride (1.26 g, 10 rnrnol) was 

added dropwise. The reaction mixture was slowly ref1uxed for 

2 h, coo1ed and benzene was removed by 'evaporation in vacuum. 

The crude product was a light ye110w oil in 90%' yield. The 

product decomposed at room temperature: 
1 ". , 

H runr {.CDC13 ), ô: 0. __ 77-1.50 (m, 9H), 1.57-1. 93 
'\ 

(m, 2H)', 3.17 (s, 2H) apd 3.97 (s, 4H). 
) 

'. 

l' 
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Synthesis of methyl 2,6-dihydroxy-4-pentylbenzoate (93~ 
, 

The ketal ~ (0.218 g, 1 mmol) ~as mixed with the bis 

enoi silyl ether 68 (D.260 g, 1 mmol) in dry methylene 
• , 

143 

chloride (20 mL) under nitrogen at room temperature. Titanium~ 

tetrachloride (0.378 g, 2 ~ol) was added dropwise and the 

reaction mixture was stirred for 48 h at rOOIn temperature. 

The crude mixture was poured into a sodium bicarbonate 

solution (10%, 10 mL) and extracted with ether. The ether 
# 

extract waa dried"over anhydrous 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~ hexanejmethylene 

ch1oride, (3:5, v/v). The major fraction was a white solid of 

the methyl oli;'eto'late (methyl 2,6-dih.ydroxy-4-pentyl benzoate 

(93) in 72% yield. The minor fractions were the starting 

material methyl acetoacetate and methyl-3-oxooctanoate: 

mp 2~-30o,C :_" 

lH nrnr (CDCI 3 ), 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); 
-1 ir (CC1 4 ): 1675,3200 (br) and 3460 cm 

ms m/z (relative intensity): 238(M~,20~207 (6), 

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

Preparation of olivetoi (5-pentyl-resorcinol) (g) 

The methyl olivetolate (0.238 g, 1 mmo1) was dissolved in 

methanol (10 mL) and sodium hydroxide (2 mL, 30% aqueous -
SOlution) was added. ~he reaction mixture was refluxed for 



5 h, cooled and acidifi~d with IN HCl and'ex~racted with 

ether. The ether extract was dried over anhydrous magnesi~m 
<1. ' 

sulfate, filtered, concentrated and evaporated to dryness 

under hi<lh, vacuum. 01 ive t,JI was obtained as a 1 ight brow,n 

sol id in 85% yield: 

mp 41-42 0 C ,li t • mp 4 2 - 4 4 0 C 94 , 9 7 ; 

1 H nmr (C OC 13 ), ô: O. 4 a -1 • 21 (m, 9 H), 2. 24- 2 • 65 
, 

(m, 2H), 6.01 (s, 2H), 6.20 (s, 2H), 6.31 (s, lH);' .. 
-1 ir (CC1 4 j: 3610 cm 

l , + ms m/z (relatlve intensity): 180 (25, M.), 137 (30)', 

124 (100),124 (45), 55 (24); 

~na1. ca1ç;d. for CllH1602: C 73.29 % ; H 8.94 % 

° 17.7541; found: C 73.J8% ; H 8.84%. 

Synthesis of methyl 2,4-dihydroxy-6-pentylbenzoate (~) 
, 
The acid ch10ride ~ (1.1 g, 5 mmoI) was mixed with 1,3-

bis-(trimethy1siloxy)-1-methoxybutadiene (1.30 g, 5 mmo1) in 

dry methylene chloride under nitrogen at room temperature! 

Titanium tetrach10ride (2.64 g, 14 mmo1) was added and the 

reaction 'mixture was' stirred at room temperature for 24 h. 

The reac~ion mixture was poure,d into a 5% sodium bicarbonate . 
solution and. extracted with ether. The ether extract was 
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dried over anh~drous magnesium sulfate and evaporated under 

vacuum to remove the solvent. The crude ~roduct '~as subjected 

to flash column chromatography (eluent: ethy1acetate/hexane, 

~ 20:80, v/v). The major fraction isolated was the rnethyl 
\ 

olivetolate in 55% yield. Methyl o1iveto1ate is a white solid: 



• 

mp 65-68°C; 

1H nmr (CDC1 3 ), 6: 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), Il.58 (s, 1H); 

-1 cm ir (CDC1 3 ): 1660, 34~0,' 3600 

ms m/z (relative intensity): + 238 (48, M.), 207 (25), 

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

Synthesis of methyl ~1-tetrahydrocannabinolate (22) 
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A mixture of methyl 2,4-dihydroxy-6-Eentylbenzoate (96) 

(0.238 g, 1 rnmol), (+)-trans-p-mentha-2,8-diene-l-ol (0.182 g, 
1.2 mmol) and anhydrous magnesium sulfate (25 mg, pre-dried 

under vacuum) was stirred with dry methylene ch10ride under 

ni trogen for 20 miri'. The reaction -mixture was coo1ed to 0 OC 
\ 

and boron trifluo~ide etherate (0.312 g, 22 rnmol, pre-dried 

by disti11ing over calcium hydri~e) was added. Stirring 

continued at O°C until the red cotour was faded (to a1most 

colour1ess in 2 hl. The reaction mixture was filtered (more 

dry methylene chloride was used to wash the flask) and the . 
filtrate was concentrated by high vacuum. The crude product 

L 

was subjected to flash column chromatography (e1uent: carbon 

tetrachlori~e/methylene chloride, 4:1, v/v,~ Fraction one was 

the minor fraction containing a mixture of (+)-trans-p-mentha-, 

2,8-diene-l-ol and a srna11 percentage « 10%) of the methy1 

à
6-tetrahydrocannabinoate which,was not isolated in pure forme 

Fraction two was a colourless gum identified as methy1 

à
1-tetrahydrocannabinoate in 55% yield: 



l, 

1 / 

1.H nmr (CDC1 3 )/'Ôf 0.89 (t, 3H, CH
3

), 1.09 (s, "3H, 

CH 3 " 1.40-2.40 (m\~-':2H', 1.43 (s, 3H, CH 3 " 1.68 

(s, 3H, CH 3 ) 1 2.53-2.93 (m, 2H), 3.91 (s, .JH, OCH 3 ), 

6.21 (s, lH, aromatic), 6.39 (s, br, lH, vinylic 

proton), 12.32 (s, 1H, pheno1ic proton); 

-1 ir (CC1 4 ): 1650 and 3400 cm ; .. 
+ ms m/z: (relative intensity): 372 (35, M.), 340 (80), 

325 (25), 257 (60), 256 (100); 

[a] D: -188.4° (0.16 CHCI 3 ); 

Anal. calcd. for C23H3204: mol. wt. 372.4908; 

found: 372.4912. 

Prepàration of {-)-trans-6 1-tetranydrocannabinol (]2) 

from methyl 6 1 -tetrahydrocannabinola te' 
, l .: . , 

The (-)-trans-6 -methyltetrahydrocannabinolate (0.10 g, 

was ref luxed wi th aqueous sodium hyd roxide (25%, 5 mL) in 

methanol (10 mL) for 5 h. The reaction mixture was eooled, 

acidified with IN HCI and extracted with ether. The ether 
1 

extract was dried over anhydrous magnesium sulfate, fi1tered 
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d h " . an t e\ sol~ent was removed by hlgh vacuum. The crude product 

J'as subjected to flash column chromatography (eluent: ethyl 

~cetate/hexane, 15:85, v/v). Fraction one was the major 

frac~ion and'was identified as (-)-trans-6 l -tetrahYdrO­

eannabinol in 78% isolatèd yield: 

2 Q Q-MHz nmr (CDC1 3 ), Q: O. 88 (t, 3H, CH 3)' 1.09 

(s, 3H, 3H, CH 3 ), 1.40 (s, 3H, CH 3 ), 1.26-2.33 
. 
(m, IlH), 1.68 (s, 3H, olefinic CH 3 ), 2.44 (t, 2H), 

3.21 (d, br, lH), 4. 71 (s, lH, phenol ie OH).' 
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6.10 (s, 1H, aromatic), 6.21 (s, 1H, aromatic), 

6 34 ( 1H ' l' ) 131 • s,,,, vl.ny lC ; 

-1 FT-IR (CC1 4 ): 36~4 cm (pheno1ic OH)131; 

uv (ethano1)l31: 275 and 281 nm; 

+ +' ms m/z (relative inte!lsity): 314 (15, M.), 299 (20, M.-CH3 ), 
, 

271 (6), 231 (40), 205 (45), 100 (100); 

ms (TMS derivative of THC) m/z (re.1ative intensity): 

386 (100, M;), 371 (68), 343 (24), 330 (17), 315 (43), 303 (37), 73 (86); 

[a;]D: -170° (C 0.04 CHCl 3); lit.
93 [a]~: -174°. 

Preparation of l-ethoxy-1-trimethylsïloxy 3-methy1 

butene (ill) 

To a solution of diisopropy1 amine (3.4 mL, 24 mmol) in 

dry THF (50 mL) under nitrogen at aoc was added' n-butyllithium 

(16 mL of 1.5 M in hexane, 24 ~ol) dropwise. The solution was 

coo1ed to -78°C. After 10 min a solution of ethyl isovalerate 

(2.6 g, 20 mmol) in THF (5 mL) was added dropwise~ The 

solution was stirred at -78°C for 30 min and the light ~ow 
anion was quenched with ch1orotrimethy1silane (4 mL). (The 

, 
reaction mixture was allowed to warm to room tempe rature and 

stirred for another hour and the solvent Vias removed under 

reduced pressure. The res idue was tri'turated wi th 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 oil. The crude product was distil1ed 

unde,r reduced pres~ure to give the pure compound in 85% yield: . 

bp 28°C/0.2 torr~ 

IH nmr (CDC1 3 ), ô: 0.11 (s, 9H, ~Si-), 0.83 

(d, 6H), 0.12 ( t, 3H, J = 6 Hz J, 2.16- 2. 7 a 

(m, IH), 3.56 (d, IH), 3.70 (g, 2H, J = 6 Hz); 
1 

+ ms m/z (relative intensity): 202 (2, M.), 147 (20),. 

103,(50),84 (100). 

Preparation of ethyl 2-isopropyl-3 oxo-butanoate (lQ2) 

The eno1 sily1 ether 108 (2.02 g, 10 mmol) was stirred 

with acetyl chloride (1.17 g, 15 mmo1) in dry methy1ene 

chloride under n-itrogen for 10 min. The reaction mixture was 

coo1ed to -78°C and titanium tetrachloride (2.27 g, 12 mmol) 

was added and gradually allowed to warm to room temperature and 

~tirred for another 24 h at room temperature. The mixture was 

poured into a 10% sodium bicarbonate solution, extracted wit~ 

-ether, dried over anhydrous magn~sium sulfate, filtered and 

concentrated. The crude product was subjected to fractional 

distillation. The keto ester was obtained in 80% y:H~ld': 
/ . 

bp 30-32°C/0.05 torr; lit. l16 bp 36-38°C «Y.I'O.Q_t.o·;r'~ 

lH nmr (CDC1 3 ), ô= 0.87 (d, 3H), 1.00 (d, 3H), 1.10-

1.50 (m, lH), 1.27 (t, 3H, J = 6 Hz), 2.23 (s, 38), 

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

ir (CC1
4

): 1700,1730 cm-l. 

t 

1 
\ , 



,\ 

Frp.paration of ethyl 2-isopropyl 3-trimethyls ilo~y­

bu te noa te (la 9 ). 

149 

Anhydrous pewdered zinc chloride (0.2 g) was added to 

triethylamine (2.02 g, 20 mmel) and the rnix~ure was s,tirred 

under n~trogen for l h at roorn temperature until the salt was 

suspended in the, amine. T~ this wa~ded a solution of ethyl 

2-isopropyl-3-oxo-butanoate (.l.72 g, 10 rnmol) in 10 mL of 

beniene followed by chlorotrimethylsilane (1. 08 g, 10 mmol). 

The reaction mixture was stirred at 40°C for 24 h, cooled, 
, 

added to dry ether and filtered. The filtrate was concen-

trated and finally distilled under reduced pressure. Fraction 

'" one, the monosilylated compound was obtained in 60% yield: 

bp 48-52°C/0. 05 torr;" 

lH nmr (CDCJ..
3
', ô: 0.23 (s, 9H), 1.03 (d, 6H), 

1 • 3'0 (t, 3H, J = 6 HZ), 2.05 ( s, 3H-), 2. 73-

3.26 (m, IH), 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 o C/0.05 torr) identified as 

1,3-bis(trim~thylsiloxyl-l-ethoxy-2-isopropyl buta-l,3-diene 

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

are: 

1 H nm r ( C DC 1 3 ), ô: O. 2 3 ( s , 9 H), O. 2 5 (s, 9 H ) 

0.93 (d, 6H~, 1.17 (t, 3H), J =,6 Hz), 2.43-

2 • 8 6 ( m , 1 H ), 3. 8 7 ( q, 2H, J' = 6 HZ), 4. 1 0 

s, IH), 4. 27 ( s , lH); 

+ ms m/z (relative intensity): 316 (10, M.), 301 

(65), 197 (20), 

L / 
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A-one step preparation of 1,3-bis(trimethylsiloxY)-1-ethoxy-

2-isop~opyl but-l,3-diene (!!Q) 

To a solution of diisopropyl amine (6.8 mL) in dry THF 

(100 mL) under nitrogen at DoC was added 'n-butyllithium 
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(32 mL, of 1.5 M in hexane) dropwise. The solution was cooled 

to -78°C Cafter 10 min) and a solution of ethyl 2-isopropyl-3-

oxo-butanoate (3.44 g, 20 mmol) in dry THF (10 mL) was 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 

reduced pressure. The residue was triturated with dry hexane 

(200 mL) and the precipit~te was removed by"filtration. The 
• 0 

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 80-8IoC/0.QS torr). 

The spectral data were identical in aIl respect~ to those of 

110 reported in the cprevious experiment. 

Condensation reactfon of ~,3-bis(trimethllsiloxy)-1-ethoxy-

2-isopropyl-buta-l,3-diene with trimethll orthoacetate 

The bis enol silyl ether 110 (3.16 g, 10 'mmol) was stirred 

with trimethy1 9rthoacetate (1.20 g,~O rnmol) under nitrogën in 
( 

dry, methyl~e chloride for 10 min. The solution was cooled to 
\.. 

-78°"C and then TiC1 4 (2.5 mL, 10 rnmol) was added dropwise. The 



' .. 
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'reaction mixture 'was allowed to warm to room temperature and 

stirred .for 24 h~ The mixture 'was poured into an aqueous 

sodium bicarbonate solution (10%, 50 mL) a~ extracted with 

ether. The ether extract was dried over anhydrous magnesium 
• 
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sulfate, filtered and concentrateq under reduced pressure. The 

crude product was purified by fractional distillation 

(bp 78°-80 oC/0.05 torr). The compound obtained was id~ntified 

as ethy1 2-isopr~pyl-3-oxo-5-methoxy hex-4-enoate (111) in 74% 

yield. The spectral data for the compound are: 

lB nmr (CDCI 3 ) , ô: 0.75 (d, 3H) , 

0.60-1. 00 (m, lH) , 1.13 (t, 3H, 

(s, 3B) , 2.98 (d, lH, J = 8 Hz), 

4.18 (q, 2H, J = 5 Hz) , 5.53 (s, 

proton) ; 

ir (CCI 4 ) v: 1600, 1690 and 1740 

0.86 

J = 5 

3.87 

lB) , 

-1 
cm ': 

(d, 3H) , 

Hz) , 2.17 

(s, 3H) , 
.~ 

viny1ic 

+ ms m/z (relative intensity): 228 (5, Ma), 123 (40), 

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

Condensation reac~ion of 1,3-bis(trimethyl siloxy)-l-ethoxy-

2~isopropyl bu~a-1,3-diene with trimethylorthoformate 

The procedurewas exactly the same as described for the 
1 

preparation of Ill. The crude product obtained after workup 
.1 

was subjected to flash column chromatography (eluent: éthyl 

~ce_tate/hexane, 10:90, v/v). Fraction one was ethyl 
..... 

2-isopropy1-3,5-dioxo-hexanoate (113) in 65% yield. The 

... 
" 



( 
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cf")1Tpqund exists in i ts enol forme The spectral data for the 

compound ~ 
are: 

IH nmr (CDC1
3 

) , ô; 0.83 (à, 3H) , 0.97 (d 1 3H) 1 

0.67-1.13 (m, IH) , 1.20 (t, 3H, J = 6 Hz) , 2.00 

(s, IH), 2.87 (à, IH, J = 8 Hz), 4.13 (q, 2H, 

J = 6 Hz), 5.47 (s, 1H), 15.08 (s, br, lH); 

-1 ir (CC1 4 ) v: 1620, 1740 cm' ; 

+ ms m/z (relative intensity): 214 (5, M,), 172 (3D), 

130 (70), 115 (75), 43 (100); t 
Anal. calcd.,,) fo~ C11H1S94: C 61.66% ; H 8.46% i 

o 29.87%; found: C 61.Sg-% . H 8.52% ; 0 29.90% • 

Preparation of ethyl 2-isopropyl-3,S-dioxo-hexanoate U:.!l) 

from d iketene 
o 

.. 

Diketene (1.00 g, 10 rnmol) was mixed with the enol sily1 

ether 108 (2.02 g, 10 mmol) in àry methylene chI'oride unàer 

ni trogen. The solu tion was cooleà to -78 oc and TiC1 4 (2.83 g, 

15 mol) was added dropwise into the solution. The reaction 

mixture was slowly allowed to warrn to room telnperature 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 magnes iurn. sulfate, 

filtereà and conbentrated .under reduced pressure. The crude 

product was subjected to flash column chromatography (eluent: 

ethyl acetatejhexane, 10:90, v/v). Fraction one was the 

desired keto ester in 68% yield as a colQurless oil. The 
, 

spectral data are identical in aIl respects to those reported 

for the compound 113 in the previous experiment. 
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Attempted acetalizaton of III 

4 , 

Compound l:.!.!. (2.28 g, la mmo1) was mixed with dry 

methanol (30 mL), trimethyl orthoformate (4 mL, excess) and a 

catalytLc amount of para-toluenesulfonic acid. The reaction 

mixture was refluxed for 24 h. The cooled mixture was poured 

into' an aqueous sodium carbonate solution (20 %, 30 mL) and 
• 

extracted with ether. The ether extract was dried over 

anhydrous magnesium sulfateI filtered, concentrated and 

distilled under reduced pressure. Compound 115 was obtained 

as a colourless liquid (bp 68-71°C/0.04 torr). The spectral 

data for the compound are: 

1 H nrnr (eDe1 3), .6: 0.83 '(d, 3H),· 1.00 (d, 3H), 

0.70-1.10 (m, lH), 1.23 (t, 3H, J = 5 Hz), ~.43 

(s, 3H), 2.57 (d, lH, J = 8 Hz), 3.13 (s, 6H), 

4.06 (q, 2'H, J = 5 Hz) : . 
-1 cm • 

Preparation of the ethylene acetal ~ from III 

Compound III (2.28 g, 10 mmol) was rnixed with ethylene 

glycol (3 mL, e,xcess) and dry methylene chlorid~ (30 mL) under 

nitrogen. The solution was stir1red vigorously for 15 min at 

room ternperature and chlorotrimethylsilane (2.16 g, 20 mmol) 

was added. An exothermic reaction was noticed.. The reaction 

mixture was refluxed for 20 h, cooled and poured into a 5% 

aqueous sodium carbonate solution (30 mL). The m~thylene 

chloride solution was separated and dried over anhydrous 

~I 

\ 

,-
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• ,...,7" ".' 
, magne~ùm su1fàte, filtered and concentrated. The ç~ude 

\ 

. • 

.", 

product was purified by'~lash column chromatography Qsing 

ethy1 acetate and. hexane (15:85, v/v) as eluent. The ethylene 

acetal 116 was obtained in 78% isolated yield. The spectral 
" c:: 

~ata for the compou nd are: 
l' . 

l ' H nmr (CDC13 ) , ô: 0.98 (d, GH) , 1. 23-1. 57 (m, ~H) , 

1. 33 (t, 3H, J = 6 Hz) , 1. 43 (s, 3H) , 3.00 (s, IH) , 
'l 

3.07 (s, IH), 3.40 (d, IH, J = 8 Hz), 4.30 (s, 4H) , 

4.20 (q, 2H, J = 6 Hz) ; 

-1 ir (CC1 4J 1710 and 1740 ft v; cm ~ 

(40, + 213 (10) • ms m/z (relativè intenfjity) : 243 M .. -CH3 ) , 
',.. , 

PreEaration of ethy1 2-isoEropyl-3-oxo S,S-bis(phenyl-

thio- )hexanoate, -(.l!2).v • cP • 

Benzene thiol (1.32 g, l~ mmol) was mixed with 111 

(2. 28 g, ID,. mmo!) in àry CC1 4 (30 mL) under ni trogen. To this ~ 

was a~ded pyridine (2 mL~ and the reaction mixture was s~~rred 

for'24 h at ro6m temperature. The CC1 4 solution was ~ 

evaporated and the crude product was distil1ed under'reduced 

press~re to yield 84% of the dithio acetal (bp 64-68°C/0.OS 

torr) • The spectral data, for the compound are: 

IH 
< / 

nrnr (CDC1,3)' 0: 0.80 and 0.92 (2d, 6H) , 0.78-

1.00 (m" IH) , 1.17 (t, 3Hr J = 6 Hz) , 2.1'3 (s, 3H) , 

3.13 (d, IH, J = 8 Hz), 3.37 (s, 2H), 4.10 (g, 2H, 

J = 6 Hz), 7.13 ( s, 10H) 1 

-1 ir (CC1 4) v: 1700 and 1740 cm 

, , 

." 
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P~~paration of methyl 2,4-bis(trimethylsiIoxy)-pentaàien~ate 

(~) by LDA methoà 

Diisopropyl amine (3.4 mL, 24 mmol) was aààed to dry THF 

(100 mL) under nitrogen. The solution was cooled to DOC and Cf 

n-butyllithium (16 mL, 24 mmol) was added dropwise. The 

solution was cooled to -78°C and methyl acetopyruvate (1.44 g, 
1 

10 mmol) in·IO mL àry Tgp, was added dropwise. The solution 

w~s stirreà at -78°C for 1 h and chloretrimethylsilane (4 mL) 

was addeà and the reaction mixture was warmed to room . 
temperature and stirred for another 'hour. Then the solvent 

" 

was removeà under vacuum and triturated with dry hexane 

(100 mL), filterea-and concentrated under reduced pressure. 

The cruàe product was àistilleà unàe~ reduced pressure te give 

the pure proàuct in 70% yielà (bp 72-76°C/0.04 torr). The 

spectral data of the compound are: 

IH ~rnr (CDCI 3 ), ô: 0.10 (s, 9H), 0.13 (s, 9H), 3.57 

(s,' 3H), 4.43 (à, IH,.J = l Hz),,4.87 (s,'IH), 5'.90 

(d~ 1H, J = l Hz); 

ir (neat) v: 1630 anà 1730 cm-l 

0+-ms m/z (relative intensity): 288 (38, M.), 273 (65), 

245 (60),147 (30), 73 (100); ~ 

Anal. calcd. for: C12H2404Si2: mol wt. 288.4821; 

fou nd: mo le w t. 28 8 • 48 50 • 

Preparation of methyl 2,4-bis(trirnethylsiloxy)-pentadienoate 

(~) using trimethylsilyl trifluoromethanesulfonate 

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

dryabenzene (30 mL) under nitrogen. Triethylarnine (2.90 g, 

• 

.) 



( 

(' , 

, ! ~~. -- -.. 

~.26 mmol) was added and the solution was cooled to OOC. 

Trimethylsilyl triflqoromethanesulfonate (6.2 g, 28 mmol) was 

added" dropwise and the rec.tion mixture', was refiuxed for 2 h 

with a catalytic amount of anhydrous zinc chloride. The 

reaction mixture was cooled and ~fter removing the solvent 

und~r ~educed pressure, the crude product wa~ triturated with 

dry hexane (50 mL). The hexane solution was separated and 

concentr~ted under reduced pressuri (bp_88-900CjO.06 torr). 

The product obtained was a light yellow oil in 88% isulated 

yield. The spectral data were identical in a~l respects to 

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

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

3-enoa te Ull.l 

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 a solution of _ 
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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 reduced p~essure. Fraction 

one (bp 60-62°CjO.l torr) was the monosilylated compound 121 

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



\ 

bis(trimethy1si1oxy)-pent~dienoate (~). The spectral data 

\... of 121 are: 
1 . 

H nmr (CDC1 3 ), ô: 0.20 (s, 9H), 1.87 (s, 3H), 

3 .67 (s, 3H), 6.07 (s, lH). 

Synthesis of methyl (2-hydroxy-6-methoxy carbonyl-4-methy1 

pheny1-1-oxoacetate/(~) 

The bis enol sily1 ether 122 (1.44 g, 5 mmo1) was mixed 

with 121 (1.08 g, 5 mmol) in dry methylene ch10ride under 
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nitrogen. The reaction mixture was stirred at room 

temperature for 20 min and TiC1 4 (2.27 g, 12 mmo1) was added. 

The reaction mixture~was stirred at room temperature for 24 h 

and poured into a 20% sol~tion of aqueous sodium bicarbonate 

(30 mL). .The mixture was extracted with ether. The ether 

extract was drief over anhydrous magnesium sulfate, riltered 

and concentrated. The crude product was subjected to flash 

column chromatography (ethyl acetate a1one). The produc~ 

obtained was an orange solid (61% yie1d). The compound was 

recrystal1ized from CC1 4 (mp 138-I40°C). The spectral data of 

the compound are: 

1H nmr (CDCI 3 ), ô: 2.20 (s, 3H), 3.-83 (s, 3H), 

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

8.13 (m, 1H)i 

ir (CC1 4) v: 1550, 1730, 3610 cm-1 

+ ms m/z (relative intensity): 252 (20, M.), 193 (100°), 

133 (5), 77 (10); 

Anal. ca1cd. for C12H12?6: C 57.).6 % i H 4.79 % ~ 

o 38.07 % i found: C 57.22% ; H 4'.89% ; 0 38.15% 
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Preparation of 3-pheny1thio-crotonyl chioride (128) 
• 

Theoacid of 3-phenylthio-crotonic acid l19 (1.94 g, 

10 mmo1) was disso1ved in dry benzene (20 mL) under nitrogen. 

Oxa1y1 chloride (1.27 g, 10 mmol) was added dropwise to the 

apove solution. A brisk effervescence was noticed. The 

reaction was foilowed by GLC and was completed in half an 

hour. The solvent wa~ rernoved by high vacuum and the title 

compound was obtained in almost quantitative yield. The 

compound was unstable. ,The spectral data of the compound 

are: 

lH nmr (CDC13 ), 6: 2.40 (s, 3H, Me), 5.10 

(s, IH), 7.43 (s, SH, aromatic). 

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

hex-4-enoate (129) 
o 

The acid chloride 128 (2.28 g, 10 mmol' was -dissolved in 

dry methylene chloride (1~0 mL) and the eno! silyl ether 108 

(2.02 g, 10 nuno!) was e 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 
\ 

dried and concentrated under reduced pressure. The crude 

product was distilled to give' the title compound as a mixtûre 

of geometric isomers in 70% yie!d (bp 146-148°C/0.Ol torr). 

The spectral characteristics of the compound are: 
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IH'nrnr (CDC-l3 ), ô: 0.67 (dl' 3H), 0.,83 (d," 3H), 

0.88-1.50 (m, IH), 1.10 (t, 3H, J = 6 Hz), 2.33 

(s, 3H), 2.87 (d, IH, J = 8 Hz), 3.93 (q, 2H, 

J = 6 Hz), 5.67 (s, ~H), 7. 33 ( s, 5H) ~ 

-1 ir (CC1 4 ) v: 1600 br, 1670 and 1730 br cm 

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

The acid 130119 (2.09 g, 10 rnmol) was suspended in dry 

benzene (50 mL) and oxa1y1 chloride (1.27 g, 10 mmo1) was 

added. The reaction mixture was ref1uxed for l h, coo1ed and 
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the solvent was removed in vacuum, when the tit1e compound was 

obtained as a mixture of geometric isomers in the ratio 50:50 

in quantitative yield. The acid chloride thus obtained was . , 
90% pure. Being very unstab1e it could not be purified 

further. The spectral data of the compound are: 

1H nrnr (CDCI3 ), (two isorner~) 0 ô: 2.20 and 2.33 

(25, 6H, isorneric methyl), 4.00 and 4.07 (2s, 

4H, isomeric methylene proton), 5.83 and 6.03 

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

lqa, aromatic proton). 

l ,; 



( 
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Preparation of ethyl 5-benzy1thio-2!isopropyl-3 one­

hex-4-enoate (~) 

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

dry methy1ene chloride under nitrogen. The enol si1yl ether 

'108 (2.02 9, 10 mmol) was added and the reaction mixture was 

co01ed to -78°C and TiC1 4 (2.26 g, 12 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 20% sodium bicarbonate solution and extracted with ether. 

The ether extract, was ·dried over anhydrous magnesium sulfate, 

filtered and concentrated. The Qrude product was obtained as=· 

a mixture of geometric isomers (E:Z = 75:25) in 80% yield 
, , 

(co~bined). The crude product was subjected .to flash column 

chromatography (eluent: ethy1acetate/he~ane, 15:85, v/v). 

Fraction two was assigned to the E stereochemistry and 

fraction 3 was assigned to the Z stereochemistry on the basis 
. 120 121 of NOE experlment' The spectral data of the compounds 

are: 

E~isomer 

_,~H nmr (CDC1 3 ) , ô: 0.43-- (d, 3H) , 0.60 (d, 3H) , 

0.40-0.65 (m, lH) , 1.23 (t, 3H, J = 6 Hz), 

2.33 (s, 3H) , 3.03 (d, IH, J = 7 Hz) , 4.00 

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

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

ir (CCI 4 ) 1560 br, 1670 br and 1730 -1 v: cm 

d 



Z-isomer 

I H nmr (CDC1 3 ), ô: 0.90 (d, 3H), 1.00 (d, 3H), 

o • 88-1 • 03 (m, lH), 1. 27 ( t , 3 H, J = 4 Hz), 
1 

2.30 (s, 3H), 3.17 '(d, lH, J = 8 Hz), 4.07 

(s, 2H), 4.17 (g, 2H, J = 4 Hz), 6.37 (s, lH), 

7.27 (s, 5H)~ 

.ir (CC1 4 ) v: 1535, 1650 and 1730 cm-l. 

Preparation of ethyl 3-phenylthio-2-isopropyl but-2-

enoate (1:.!Q.) 

To a stirred solution of ethyl 2-isopropyl-3-oxè­

butanoate (107) (l.pl g, 9.3'6 mmol) and thiophenol (1.03 g, 

9.36 mmol, 0.96 mL) in dry methylene chloride was added solid 

P20 S (2.65 g, 18.7 mmol). The reaction mixture was stirred 

for 18 h and the methylene chloride solution was separated 

from the 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 satut~ted sodium chloride solution 

(30 mL). The methyl~ne 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 lOQ-104°Cj 

0~05 torr). The spectral data of the compound are: 
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j- /1 
~. H nmr (CDCl 3 ), ô: 1.13 (d, GH), 1.90 (t, 3H, 

, 
J = 6 Hz),' 3.07-3.67 (m, IR), 4.27 (q, 2H, 

J = 6 Hz), 7. 30 (s, SR); 

-1 ir (CC1 4 ) v: 1720 cm 

Preparation of l-trimethylsilo~y-3-phenylthio-l~ethoxy-

2-isopropyl buta-l,3-diene (141) 
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Diisopropy1 amine (3.4 mL, 12 mmol) was mixed with tetra-

hydrofuran (5,0 mL) under nitrogen. The solution was cooled to 

aOc and n-butyl1ithium (8 mL, 12 mmo1) was added dropwise. 

The solution was cooled to -78°C ànd the vinyl sulfide 

(3.16 g, 12 mmo1) was added dropwise. The reaction mixture 

was stirred at -78°C for 10 min and TMSCI (2 mL) was added. 

The solution was stirred again for another 10 min and allowed 

to warm to room ternperature. The sol vents were removed under 

vacuum. The product was triturated with dry hexane (50 mL), 

filtered and concentrated under vacuum. The compound was 

unstable. The spectral data of the geometric isomer are: 

lH nmr (CD,~13)' ô: 0.30 and 0.33 (2s, 18H, isomeric 

~S-O-protons), 1.00 and 1.13 (2d, 12H, isomeric 

methyl protons) 1.33 and 1.37 (2,t, 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 arornatic ring protons}. 



Condensation reaction of 141 with trirnethyl orthoacetate 

The enol silyl ether 141 (1.68 g, 5 mmol) was mixed with 

trirnethyl orthoacetate (0.6 g, 5 mmol) in dry CH2C12 (20 mL). 

The solution was cooled t~ -78°C and TiC14 (0.95 g, 5 rnrnol) 

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

tempe rature and stirred for 24 h. The reaction mixture was 
, 1 

poured into a 5% aqueous sodium bicarbonate solution and 

extracted with ether. The ether extract was dried over 

anhydrous MgS04 , filtered and concentrated under reduced 

pressure. The crude product was subjected to flash colurnn 

chromatography (eluent: ethylacetate!hexane, 10:90, v/v) to 
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give the ethyl 2~isopropyl-3rphenylthio-5-oxo-hex-2-enoate (142) in 

50% yield. The spectral data of the compound are: 

lH nrnr ( CDC 13 ), 6: 1. 16 (d, GH), 1. 27 ( t, 3H, 

J = 5 Hz), 2.00 (s, 3H), 3.27 (s, 2H), 3.10-3.36 

(m, lH), 4.17 (q, 2H, J = 5 Hz), 7.23 (s, 5H) 1 

ir (CC14 ) v: 1700 and 1720 cm-1
1 

'- +' 
ms m/z (+elative intensity): 306 (25, M.), 261 (28) 1 

155 (75),' 109 (100). 

Attempted acetalization of 142 

'The compound 142 (1.53 g, 5 mmol) ~as dissolved in dry 

methanol (50 mL) under 'nitrogen and the trimethy1 orthoforrnate 

(3 mL, excess) was added followed by a catalytic amount of 

parp-toluenesulfonic acid. The reaction mixture was refluxed 

for 20 h, coo1ed and poured into a 5% aqueous sodium carbonate 



, 
solution. The product was extracted with ether, dried over 

anhydrous ~S04' filtere? and c~nc&ritrated under reduced 

pressura. The crude product was a solid which was 
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. recrystall ized from petroleum ether to gi ve a light yellow 

crystalline compound (mp 106-l0.7°C). The spectra~ data of the 

compound 144 are: 

lH hmr (CnCl 3 ), ô: 1.40 (d, 6H), 2.05 (s, 3)1), 

3.1.0-3.57 (m, lH), 5.40 (s, lH), 7.48 (s, SH); 

ir (CC1 4) v: 1630 and 1710 cm-l ; 
+ ms m/z (relative intensity): 260 (75, M.), 24S (95), 

-
232 (60),217 (80), l-83 (100); 

" 

o 12.29% <S l2.32%~; found: C 69.32% 

o 12.35 % ; S 12.45 %/ 
....-"/ 

~\~ 
',/ 

H 6.29% 

prepara~ of ethyl 3-benz~lthio-2-isopropylbut-
\ 

2-enoa te-.....LJ...i.?) 

The keto ester 107 (1.61 g, 9.4 mmol) was dissolved in 

dry methylene chloride (50 mL) under ni;t:rogerr. Benzyl thio 

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

stirred at room temperature for 30 min. Solid P205 (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 
l ' 

methylene chloride soluti,?n waS' separated by centrifugation 

and the residue was washed once with CH 2C1 2 (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: 

IH nmr (CDC1
3

), (isomers) ô: 7.33 and 7.36 (2d, 
, 

12H, isomeric methyl protons), 0.93 and 1.00 

(2t, 6H), 1.76 and 1.80 (2s, 6H, isomeric viny1ic 

methyi proton), 2.43-3.27 (m, 28), 3.66 and 3.73 

( 2 s, 48), 3.80 and 3.87 (2q, 4H), 6.93 (s, 10H); 

ir (CC1
4

) v: 1720 br cm-li 

ms m/z (relative intensity): 278 (S, M~), 233 (10, 11:-OC2HS) 1 

+ 187 (60, M.-CH24», 91 (100). 

Preparation of ethyl 2-isopropyl-3-pheny1thio-5,S­

dimethoxyhex-2-enoate (~) 

The enol si1yl ether 141 (0.524 g, 2 mmol) was mixed with 

trimethy1 orthoacetate (1 mL, excess) in dry methy1ene 
\ 

ch10ride under nitrogen and a cata1y~c amount of ~inc 

ch10ride was added. The reaction mixture was stirred at room 

temperature for 24 h. The crude product was filtered and 

concentrated under reduced pressure~ The product was formed 

in 75% yie1d (from the nrnr of the erude product). The 
. 

compound was very unstab1e and attempts to purify the compound 

, by column chromatography or distillation resulted in the 

decomposition of the produ,ct. The spectr~l data of the 

compound are: 

lH nrnr (eDCl3 ), ô: 1.00 (d, 6H), 1.23 (t, 3H, J = 

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

o 



3.17 (s, 6H, aceta1), 4.07 (q~ 2H, J = 6 Hz), 

7 • 1 0 ( s , SH). 

.-/ 

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 

solution 

(1.68 ~, 5 mmo11, in dry methy1ene chloride. The 

was cooled la -78 oc and TiC1 4 (2.27 ,g, 12 mIl!0l) 

added dropwise. The reaction mixture was warmed to room 

was 
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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 MgS0 4 , 

fi1tered 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 pOfymerized masse 

Attempted in-situ 'synthesis of 104 

The bis enol silyl ether 122 (1.44 g, 5 mmol) was mixed 

with trimethy1 orthoacetate (0.60 g, 5 mmol) in dry methylene 

ch10ride (100 mL) under nitrogen. The solution was cooled to 
./ , ~ 

-78°C and TiC14 (1.13 g, 5 rnmol) was added dropwise. The 

reaction mixture was allowed to warm to OOC and the bis enol 
-

si1y1 110 (1.58 g, 5 m~ol) was added fo11owed by titanium 
-

tetrach10ride (2.26 g, 12 rnmo1). The 'react~on mixture was 

al'lowed to warm te;> room tempera_ture and s~irred for another 
1/' 

\ 

\ 
\ 



/ 

J' , 

28 h. The crude reactlon mixture was poured into an aqueous 

sodium bicarbonate solution (20%, 50 mL) and extracted with , 

ether. The ether extract was dried over anhydrous MgS0 4, 

filtered and concentrated under reduced pressure. The crude 

PFoduct was subj,ected to flash column chromatog~aphy (eluent: 

ethyl acetate/hexane, 10:90, v/v). Fraction one was 

identified as 2-isopropyl-3-'oxo-butanoate (107) and fraction 

two was III by comparison with the spectral data reported 

earlier for the~e compounds. 

\ 

Preparation ofomethyl 3-oxo-5-methoxy hex-4-enoate (~) 

167 

Trimethyl orthoacetate (~.80 g, 40 mmol) was dissolved in 

dry methylene chloride (50,mL) under nitrogen and coole~ to ~ 
, , . r 

-78°C and TiC1 4 (2.16 g, 10 mmol) was added droP~is~ fOlloweJ' 

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

- 1 reaction mix~ure was allowed to w~rm~ room temperature and . / 

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

sodium bicarbonate solution and extracted with ether. ~he 

etht extract was dried over anhy,drous magnesium sUlf~(e •. 
filtered and concentrated under reduced pressure. Th~ crude 

\ - - 0 

product ~as subjected to flash colurnn chrornatography (eluent~ 
\ 

\ 

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

" 

ti tle compound in 62% yield. The product\. was distilled) under 
~ ~ 

1 J 

., .' 

-, 
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reduced pressure (bp 74-76°_C/0.05 torr). Th~ spectral data of 

the compound are: 

1H nmr (CDC1
3

), ô: 2.27 (s, 3H), 3.40 (s,02H), 

3'.63 (s, 3H), 3.67 (s, 3H), 5.43 v( s, lH): 
p 

+ 'ms m/z (re1at'ive i:ntensity): 172 (25, M.), 140 (5),. 
, 

99 (lllO),. 5 9 (45); 
I/~ 

Anal. calcd. for C8H120 4 ! mol. wt~ 172.1802; 

ftound': mol. wt. "172'.1808 • 
, c~ 

" 

pr:paration of meth;l 3,5,~thOXY-heX!3-enoate 
: Compound 146' (3.44 g, 29 mmol) was disso1ved j,n- dry 

-------------CH2CIIZ (20 mL) and trimethyl orthoformate (10 mL) was added . 
, 

fo!1owed by a catalytic arnount of para-toluenesulfonic acid. 
~ 

~ The r~action mixture was refluxed for 24 h, coo1ed and poured 

into an aqueous sodium carbonate solution (30 mL). The 

'-product was extracted with ether. t'The ether extract was dried 
~ 

over anhydr~us magnesium sulfate, filtered and concentrated 

under redueed pressure. The erude product was disti11ed under 
o , 

6reduced pressure (bp 75-76°C/O.04 torr) to give the acetal 148 

in 70% yie1d: 

IR Amr (CDC1j)' 6: 1.23 (s, 3H)", 3.17 (s, 6H), 

J.2 (s, 3H), 3.57 (s, 2H), 3.6 a (s, ,JH), 5.03 

...(s, lH): 

ms m/z (rela'tive intensi ty): (M;) not de~ected, 
ô 

1'87 (30) a'1:p 89 (100) 1 

A:nal. ealed. for CIOHlSOS:C 5,5.03% ; H 8."31%; 

OT 36.66% ; found: C 55.15% H 8.42% i 0 36.71% 

\) . 
f J , • j 

, 

'P, 

... 

, , 
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Condensation reaction of ll1ethyl 3,,5, 5-trimethoxy"-hex ... 3-enoate 

148 with methyl 2,4-bis(trimethylsiloxy)-pentadienoate (~) 

The acetal 148 (0.436 g, 2 mmol) was dissolved in dry 

methylene chloride (30 mL) under nitrogen. The solution was 
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cooled to -78°C and TiC14 (0.756 g, 4 mmol) was added followed 

/~ ___ ------- by the addition of the bis enol silyl ether 122 (0.576 g, 'J 

~~ 2 mmol). The reaction mixture was allowed to wa.rm ta roam 

temperature and stirred for another 48 h. The mixture was 

poured into an aqueous sodium bicarbonate (20%, 20 mL) 

solution, and extracted wi th ether. The ether extract was 

dried over anhydrous Magnesium sulfate, filtered and 

concentrated under reduced pressure. _ The crude product was a 

light yellow solide The compound thus obtained was purified 

by flash column chromatography (eluent: methylene chloride). 

After col~ecting the first f~ction, ethyl acetate was used as 

eluent to collect the second fraction. Fraction one was 

l-carbomethoxy- 8-hydroxy benzopyran-3-one (~) isolated as a 

colourless crystalline compound in 55% yield. The compound 

was recrystallized from 'cyclohexane (mp l58-l59°C). The 

spectral data of ~he compound are: 

lH nmr (CDC13), 6: 2.31 (s, 3H), 3.S'3·{s, 3H), 

6.72 (s, IH), 6.85' (s, lH), 7.2:4 (s, IH), 10.65 

(s, lH); 

-1 ir (CHC1 3 ) v: 1680, 1720, 3400 cm 1 

ms m/z (relative intensity): 234 (100, M:) and 175 (40, 

M:~COOCH3~' 119 (25). 



\ 

\ 
\ 

\ 
\ 

( 

13C nmr (CDC1
3

), ô: 22.14, ,52.89,105.16, Ü3.52, 

118.75, 119.08, 134.88, 142.49, 149.50, 160.29, 

161.64,- 164.61; 

Anal. ca1cd. for C12HI00S: mol. wt. 234.052.~; 
\, 

found: mol. wt. 234.0.589. 

; 

128-130 APT Pulse sequence for 159 

APTPS ô (CDC1 3): 22.19 (negative, CH 3), 

52.95 (negative OCH3" 105.16 (positive), 

l13~54 (negative), 118.51 {negative),134.84 

(positive), 142.44 (positive), 149.53 (positive), 

161.'56 (positive). 

Fraction two was 1-carbomethoxy-8-methoxybenzopyran-3-

one (151) iso1ated as a light yel10w crysta11ine solid. The 

compound was recrystallized from methanol and gave a mel ting 

point of 198-200 oc (yield 25%). The spectral data of the 
) 

( 
compound are: 

1 
H nmr (C OC 13 ), ô: 2.40 (s, 3H), 3.82 (s, 3H), 

3 • 93 ( s , 3H), 6. 81 ( s , 2H) and 7. 23 ( s , 2H); 

ir (CHC1
3

) v: 1720 and '1740 c~-l; 

ms m/z (relative 

+ 233 (20, M.-CH 3 ) 

13c nrnr (CDC1
3

), 

intensity): 248 (100, M"t), 
+ 

~nd 189 (45, M.-COOCH 3 ); 

ô= 22.1,52.78,,56.34, 8-7.14, 

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 Aso (0.23 g, l rnmol) was dissol ved in methanol 

(10 mL) and aql,leous 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 extrac~d 

with ether, the ether extract was dried over anhydrous 

magnesium sulfate, filtered and concentrated. The crude 

product was a light yell w solid, recrystallized from 

petroleum ether gi ving uanti tative yield of ,the acid 152. 

The compound melts at 2 -265°C. The spectral data of the 

compounds are: . 
1 . 

H nrnr (DMSO-d 6 ): 2.5 (s, 3H), 6.9 (s, IH), 

7 • l (s, 'ury, 7. 60 ( s , IH), . 10 • 7 ( s, 1H ) ; 

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

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

M; -COOH), 119 (98) i 65 (60); 

Anal. calcd. for: CI1HSOS: mol. wt. 220.0371; 

found: mol. wt. 220.0332. 

~-_ ..... -
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, 
CLAIMS Ta ORIGINAL WORK 1 

A new method for the preparation of acetals using 

chlorotrimethylsifane was develoFed. The new proce.dure can be 

carried out under mild conditions uti1izing readi1y av~i1ab1e -' 

chemicals. 

Two lsomeriq 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 b1~THC was developed. This 

synthes is demonstrates, the potential of being a gener'al 

approach to the synthesis of pheno1ic natu:ral products with a 

rn-cresol skeleton. 

A new method for the synthesis of poly ~-carbonyl 
1 

compounds u5ing diketene and enol 5i1y1 ethers was deve1oped. 

The' possibility of synthesising gossypo1 by the cyc1o-

aromatization method was investigated. , 



, 
'-
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