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NOTES 

1) ABBREVIATIONS 

The following abbreviations are used in this thesis; 

HMPA = hexamethylphosphoric triamide 

DMSO = dimethyl sulphoxide 

THF = tetrahydrofuran 

GLC = gas-liquid chromatography 

TBDMS = tert -butyldimethylsilyl 

MEM = me thoxy e thoxyme thy 1 

DEAD = diethyl azodicarboxylate 

TEAD = 2,2,2-trichloroethyl azodicarboxylate 

PTAD = 4-phenyl-l,2,4-triazoline-3,5-dione 

m p = melting point 

bp = boiling point 

MCPBA = m-chloroperbenzoic acid 

MMPP = monoperoxyphthalic acid, dimagnesium salt 

DDQ = 23-dichloro-5,6-dicyanoben2oquinone 

DCC = 1,3-dicyclohexylcarbodiimide 

DMAP = 4-dimethylaminopyridine 

2) MOLECULAR MODELLING 

For the three dimensional minimised structures depicted on 

pages 13 and 22 the following colour coding system is adopted; BLACK = 

Carbon atom, GREEN = Hydrogen atom, BLUE = Nitrogen atom, RED = 

Oxygen atom. Minimisation was carried out on an IBM PS/2 Model 50 

microcomputer with an 80287 math coprocessor, using the ALCHEMY™ 

molecular modelling program, © Tripos Associates 1987. 
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Attempts were made to develop commercially viable syntheses of two target 

compounds of the type indicated in the title. The principle routes studied 

involved protection of the highly sensitive skipped diene functionalities in 

these molecules as their homo Diels-Alder adducts with suitable 

azodienophiles. Two approaches to these diene-protected intermediates 

were studied, the first of which involved cyclopropanation of analogous 

adducts from 1,3-dienes and the second functionalisation of the Diels-Alder 

adduct formed between cycloheptatriene and 4-phenyl-l,2,4-triazoline-

3,5-dione. 

Investigations were also carried out into the synthesis of the 

targets via acyclic, skipped diene-containing hydroxy acid precursors. The 

construction of these was attempted utilising the ylid (3-3-diisopropyloxy) 

propylidene phosphorane as a three carbon homologating agent. 
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CHAPTER 1 

OUTLINE OF OBTECnVES + OVERVIEW OF MACROLIDE SYNTHESIS 

1.1 : OBTECTIVES 

The saw-toothed grain beetle Oryzaqjhilus surinamensis is the 

major pest of stored grain in the UK, and there is a great deal of interest in 

the development of a suitable chemical control method. The central aim of 

this project was to develop efficient syntheses of the macrolide aggregation 

pheromones I and H, which have shown considerable promise as lures for 

these commercially important pests*. 

fR1-11-METHYL-f3Z.6ZV 
DODECADIEN-IIOLIDE 
Pheromone of Oyzaephilus 

surinamensis S Oryzaephilus 
mercator. 

MG " 
1 Target Compound 11 H 1 Target Compound 11 

07',S7)-TFIIDECADIEN-
12-OLIDE 

Aggregation pheromone of 
Oryzaephilus surinamensis 

iTarget Compound 111 

SCHEME 1 - THE TARGET COMPOUNDS 

TOTTiE SYNnifESK CXFIWVUZROLIDES - y\N 

OVERVIEW 

In common with synthetic chemistry as a whole, the area of 

macrolide synthesis has undergone radical change in the last twenty years^, 

with some dramatic improvements being made to long established 

procedures and the development of an array of promising new techniques. 

The strategies which have been used in the construction of these molecules 

can be broadly divided into two camps, these being 

1) Approaches which rely on direct formation of the macro- ring system, 

either by condensation of an acyclic co-hydroxy acid or by a similar 

intramolecular reaction involving functionalities other than the lactone 

itself. For convenience these different transformations will all be dealt with 
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under the general heading "direct macrolactonisation", although the range 

of reactions which have been applied to such ring closures is quite large. 

2) Approaches which form the macro - ring indirectly, e.g. by fragmentation 

of suitable bicyclic (or even tricyclic) precursors. These routes will be 

referred to under the general heading "ring expansion"). 

: iDiDRjEcrr 

This has been by far the most widely used strategy, as for the 

majority (i.e. those which have ring sizes of fourteen or more) of interesting 

macrolides its advantages over ring expansion routes far outweigh its 

disadvantages. The main advantages are 

-O 

X = OH, S-pyr, etc ; Y = HO, OPPh 3 , etc 

S(:H[E]VII3 2 

Macrolactonisation of activated hydroxy acids 

i) Complex skeletal features may be constructed without the restrictions 

which arise when a potentially sensitive group such as an ester is present. 

This allows the use of a number of reactions which form an essential part of 

the armoury of the modern synthetic chemist (such as carbene / carbenoid 

processes and most reactions involving the use of "hard" organometallic 

reagents such as Grignard reagents or organolithiums). 

ii) The fact that the skeleton can be functionalised when in an acyclic rather 

than a cyclic form allows greater freedom in the generation of 

stereochemical features, as the conformational restrictions imposed on a 

cyclic structure will themselves tend to create an (albeit limited) degree of 



stereocontrol (by directing the mode of attack of a reagent towards a 

particular face of the molecule, for example) which may well be in conflict 

with the stereocontrol which is actually required. This is of course a mixed 

blessing, as stereocontrol (particularly enantiocontrol) will of course be 

harder to induce in an acyclic system than in a cyclic one. 

iii) There are a now several mild and efficient lactonisation techniques 

which can be used in the presence of a wide range of functionalities. The 

three most prominent ones are 

a) The Corey "double activation" procedure^ 

b) Mukaiyama carboxylate activation'^, and 

c) Mitsunobu hydroxyl activation^ ("reverse activation") 

Of the three processes the Mukaiyama procedure has been the 

most widely used^, although the Mitsunobu lactonisation has also proven 

useful in some cases^. 

O 

HÔ  

n = 5 to 14 

2,2'-dipyridyl disulphide 

xylene, 25°C 

O N-

HO.. 
(CFt). 

-0 
(C^. ) = 0 

- 2-pyridinechione 

IWC. lO ĝkrs 

H+ 
transfer 

GO^ 
(cit). 

SCHEMES 

The Corey "double activation" approach to macrolactonisation 

The oldest of the three is the well-established Corey "double 

activation" cyclisation (SCHEME 3), which activates the carboxyl group by 

forming the 2-pyridinethiol ester; this further drives the lactonisation by 

promoting proton transfer from hydroxyl to carboxyl . Using this method 
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the Corey group (and several others) have achieved syntheses of some quite 

complex polyfunctional macrolides^^. Nevertheless despite its proven worth 

this approach has one fundamental weakness : temperature. In order to 

carry out the more entropically demanding cyclisations (i.e. those of 8-13 

and 18+ member rings) it typically requires slow addition of the appropriate 

co-hydroxy thioester to refluxing xylene (140°C) over long periods of time 

(>24 hours)^\ Clearly this poses considerable problems with temperature 

sensitive molecules ; if either the hydroxy acid or the lactone are prone to 

isomerisation the technique is likely to prove of little use. 

O 

HÔ  
(CHJ, A OH 

n = 5 to 14 

LO 

- H Q 

EtaN 

-HI 

O 

HÔ  
(at). A N© lO 

"O 
I 

H 

SCHEME 4 

The Mukaiyama route to macrolides, illustrated for 2-chloro-l-methylpyridinium iodide. 

The Mukaiyama procedure, on the other hand, proceeds under 

much milder conditions (refluxing acetonitrile usually suffices, and indeed 

12 

refluxing dichloromethane has also been used ), Reaction times are 

generally lower too (2-8 hours is typical) and yields are often higher. Its one 

disadvantage with respect to the Corey procedure is that it does not proceed 

under completely neutral conditions; the presence of a mild base (such as 

triethylamine) is necessary to neutralise the acid which is formed. 

Nevertheless it is steadily replacing the Corey method as a means of 



-5-

forming complex macrolactones via carboxyl group activation. 

The last of this trio of ring closure techniques takes a different approach, as 

the hydroxyl (rather than the carboxyl) group is activated to facilitate ring 

closure. It is also allows hydroxyl groups to be condensed onto other active 
c 

hydrogen bearing centres ; however the 

0 

HO.. 

n = 5 to 14 

A OH 

DEAD PhiP 

benzene / 25°C 

r (CHjn-x 
o © /==0 

•"P--0 
Ph. O 

.0 
(C%), o 

+ 

0=PPh3 

SCHEMES 

The Mitsunobu lactonisation reaction 

lactonisation reaction has received the most attention. Whilst yields are not 

usually as good as those obtained using the other two methods (formation 

of the lactide is harder to suppress, making the method less suitable for very 

difficult cyclisations) the reaction is very mild (typically a few hours at room 

temperature) and like the Corey method proceeds under essentially neutral 

conditions. 

Whilst these three approaches have been the most widely used 

there are several other less important techniques which have been 

13 

developed; these include lactonisations mediated by tin oxides , cyanuric 

chloride^t DCC-DMAP^^, and crown ether containing thioesters^^. Also, a 

method for closing macrolide rings via enzyme-catalysed transesterification 
17 

of methyl esters of hydroxy acids has recently been reported . In addition to 
these there are a large number of reactions other than ester formation which 

18 
have been used to close macrocycles; Dieckmann cyclisation , free radical 

mediated methods^^ and intramolecular Wittig / Wadsworth - Emmons 
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olefinations are good examples . Of these the last has seen the most use, as 

there are a number of interesting macrolides which contain 

a, |3-unsaturated ester functionalities which can be made via intramolecular 

Wadsworth-Emmons reaction of the esters of fi-phosphonato acetates . It 

also has the advantage (when performing entropically demanding ring 

closures) that it creates a conformationally constraining feature (i.e. the 

olefin) in the actual ring closure step, which is usually (though not always) 

preferable to having it present prior to ring closure. Its major limitation is 

that only E-alkenes may be produced using the relatively mild phosphonate 

ester-stabilised ylids; much more brutal conditions are needed to generate 

the unstabilised ylids needed to form Z-alkenes, and as the reaction must be 

carried out under high dilution with m situ formation of the ylid 

competitive enolisation of the carbonyl terminus becomes a serious 

problem. 

In summary then direct macrolactonisation techniques are the 

approach of choice for systems where the ring closure itself is not especially 

disfavoured, and as such are the most commonly used and well studied 

approaches to macrolides as a class. 

1.2.2 : RING EXPANSION ROUTES 

The formation of macrocyclic lactones by either a bridge-bond 

severing fragmentation of a bicyclic precursor or an insertion of atoms into a 

cyclic precursor of less than the required ring size is an extremely versatile 

and valuable synthetic approach, as the problems inherent with direct 

formation of strained systems can be avoided. Needless to say this approach 

is of particular value in forming ring systems (such as 8-13 which also 

contain conformationally restricting features) where the difficulty of 

macro-ring closure precludes a synthesis by a direct macrolactonisation 
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strategy. The general approach (a selection of the most widely used 

variations of which are outlined in Scheme 6) has been extensively 

22 

reviewed quite recently (1988), and given the large number of possible 

approaches this overview will concentrate mainly on the general strategies 

which have been employed rather than on specific reactions. Information 

will however be included on important techniques which it is felt did not 

recieve adequate coverage in that review. 

o 

( < % 8 (%). 

a) Oxidative cleavage of internal alkenes 

(CHQn (%). 

b) Ring opening in cyclobutane containing molecules. 

o 

(%). 

c) Fragmentation of a,(3-enones via tosylhydrazones to 

give alkynones. 
(CHJm (C ^ 

SCHEME 6 

A selection of the more widely used ring expansion reactions 

The simplest of these methods is the Baeyer-Villager oxidation of 

macrocyclic ketones to give the n+1 macrolide via an oxygen insertion. This 

has been used extensively^^, but has two major limitations, these being i) the 

need for the substitution patterns on either side of the ketone to be 

significantly different if any regiocontrol is to be obtained ii) the similarity of 

the conditions for Baeyer-Villager oxidation to those for alkene epoxidation. 
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which makes selective oxidation of the ketone difficult in molecules which 

also contain simple alkenes. Other relatively simple methods include 

translactonisations from smaller macrolides bearing hydroxyl-containing 

side chains^'^ (the driving force being provided by the release of strain on 

increasing the ring size), the use of Claisen type 3,3-sigmatropic 

rearrangements^^, and the ring opening of cyclobutenes^^. These simple 

methods have not however proven as useful as the more powerful 

fragmentation-based techniques (such as the one shown in Scheme 6c), 

which are increasingly coming to dominate the field. During the last ten 

years a great deal of new fragmentation - based methodology has been 

developed, arising mainly from the application of well known 

fragmentations to the solution of synthetic problems. 

((%). FeSO. 

Cu(0Ac)2 

Regiochemistry of alkene determined 
by conformation of molecule. Geometry 
exlusively E for macrolides with n+m>l 
(i.e. 10 or more member ring). 

(%). B-scission (CIt)m ' (at). 

o 

Cu(0AC)2 

(Wm (9t)n 

O 

SCHEME? 

Fragmentation of a-alkoxy hydroperoxides 

Chief among these have been the work of Schreiber on metal 

catalysed fragmentation of a-alkoxy hydroperoxides^^ (Criegee 

rearrangement. Scheme 7 - see also the related work of Suginome^^ 

illustrated in Scheme 9) and that of Posnergf al. utilising the oxidative 

fragmentation of y-hydroxy stannanes^^ (Scheme 8). 
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Pb(0Ac)4 
Oxidative fragmentation 

E-alkene only 

(CHJ, Pb(0Ac)4 
O 

Oxidative fragmentation 

Z-alkene only 

SCHEMES 

Formation of macrolides by fragmentation of y-hydroxy stannanes. 

The latter method is perhaps the more interesting as it allows both E and Z 

allcemeis to l)e jtyrrrieclSO-ST, thie ĝ ecnne.b-y l)eing; debemiirieci trp tlie 

stereochemical relationship between the tributylstannyl group and the 

adjacent bridgehead hydrogen. Its usefulness is limited by the fact that as yet 

the only fully developed method for emplacing the tributylstannyl group in 

a non-allylic position has been via 1,4-addition of tributylstannyllithium to 

a suitable a,p-unsaturated ester or enone^^, although it is possible that the 

functionality could be generated from the equivalent alkyl halide via 

formation of either the Grignard reagent or the organolithium species and 

then transmetallation. 

( 6 ^ . l ) H g O / l 2 / P h H 

2) hv ^ 

(Wm (aW. 

o 

6-scission 

Bu,SnH 

(CHJm ' W . 

O 

(at)m ((%). 

o 

SCHEME 9 

Preparation of macrolides by photolysis of lactol-dcrived hypoioditcs 
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Other fragmentation routes which have been used in the synthesis 

of macrocycles include one of similarly wide utility, this being the 

fragmentation of bicyclic a,13-unsaturated ketones to give co-alkynones^^ 

(Scheme 6, reaction c)). This has seen quite wide use in the formation of 

larger ring macrolides (15 member or more) but the formation of a linear 

acetylene unit leads to a severe penalty in thermodynamic terms due to the 

steric restrictions incurred. This means that the method is of very limited 

use for smaller ring sizes. 
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CHAPTER 2 

POSSIBLE SYNTHETIC PATHWAYS TO THE TARGET COMPOUNDS 

2.1 : GENERAL CONSIDERATIONS 

When designing a synthesis of the target compounds there are 

several points which must be borne in mind; 

1) They each contain 1,4-diene and (3,Y-unsaturated ester functionalities, 

both of which are unstable to acid, base, heat, light and atmospheric 

oxidation (whilst the former is reasonably stable if stored carefully^"^ the 

latter is extremely sensitive and in general compounds containing such a 

functionality are synthesised via routes which generate it as close to the end 

as possible^^). The targets themselves have been reported to be unstable 

even at freezer temperatures (-20°C). 

2) The geometries of the alkenes are all Z, which for compounds of these 

ring sizes is the less stable isomer (the majority of naturally occurring 

37a 
unsaturated 11-14 member ring macrolides have E alkene geometries ; the 

37b 
Z configuration is relatively uncommon ). 

3) The large number of flat sp^ centres, taken together with the ring sizes and 

the unnatural alkene geometries combine to make the molecules very 

difficult to cyclise directly (although this has been achieved, albeit in very 

low yields^^). 

2.2 : TACTICAL CONSIDERATIONS 

The problems outlined above give rise to a series of tactical 

limitations which must be appreciated when designing a synthesis 
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i) It is unlikely that the (3,Y~unsaturated ester functionality can be created by 

simple deconjugation of the equivalent a ,p -unsa tura ted ester whilst the e 

-alkene is present. Even if the necessary pattern of unsaturation could be 

created, examination of the 3D structures of the two possible geometrical 

isomers of the hypothetical a,^-unsaturated lactone precursor suggests that 

the E-alkene would be far more likely to result f rom deconjugation than the 

Z (Scheme 10). This looks particularly certain for the E - isomer, which 

should be by far the easier of the two to make (either via Wadsworth -

Emmons olefination or by selenoxide / sulphoxide elimination^^ - again 

modelling suggests that such elimination would give an E-geometry, which 

would in any case be expected for a ring of this size). 

ii) Whilst the presence of the methyl group in compound I does suggest the 

use of the Baeyer-Villager oxidation to form the ester group (from the n-1 

macroketone), the presence of non-conjugated alkenes makes selective 

oxidation of the ketone difficult. Although a reagent, bis- (trimethylsilyl) 

peroxide, has been introduced which displays such selectivity on acyclic and 

common ring size compounds, the yields which it gives are by no means 

encouraging . Furthermore the conditions required would quite probably 

cause destruction of either or both of the sensitive functionalities in the 

targets (which, assuming that they cannot be emplaced by deconjugation, 

would need to be present before ring expansion could be carried out)]. 

These difficulties have combined to ensure that despite the great 

commercial potential of these compounds only one set of syntheses has 

been reported to date^^. These are the syntheses of Oehlschlager & his 

coworkers, and the general approach taken is direct macrolactonisation, via 

the appropriate hydroxy acid. Although these syntheses have been 

repeatedly used by the Oehlschlager group they are the product of what is in 

many ways a poor approach, as the lactonisation steps go in very poor yield 
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(2Z,6Z)-TRIDECADIEN-12-OLIDE 

SCHEME 10 

Minimum energy conformations for the hypothetical "deconjugation" precursors to II 
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for both compounds (7% for I and 27% for II). Furthermore the routes taken 

(Schemes l l a , l l b ) give only mediocre overall yields of the hydroxy acids, 

and the potential exists for considerable improvement in these preparations. 

It would seem that any synthesis which is to be used on a multi-gram scale 

must either avoid direct macrolactonisation completely or prepare the 

hydroxy acid precursors in very high yields. 

2.3 : POSSIBLE IMPROVEMENTS TO THE SYNTHESES OF THE HYDROXY 

ACIDS 

MEMCI 
OMEM 

OMEM 

OMEM 

(1) TosCI / KOH 
(2) LiBr / Acetone 

(1) BuLi / THF 

(2) CHgO 

(1) BuLi 

(2) CgHg 

OMEM 

_ 

(1) EtMgBr/ CuCI / ROM 
(2) RBr / ROH / HMPA 

OMEM 

,OH 

OMEM 

"OH 

Jones reagent 

,CO,H 

1) THF / HgO / HCI 
2) F^Ni/Hg 

COgH 

SCHEME Ha 

Oehlschlagers 1986 synthesis of precursor to I. Yield of precursor = 7% overall. 
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As can be seen from Scheme l i b the routes to the hydroxy acids taken by 

Oehlschlager involve protecting the 1,4-diene as a 1,4-diyne, thereby 

enabling the use of reagents which would destroy the dienes themselves. 

MEMC 

.OH 

MEMO" 

MEMC 

(1) BuLi / THF 

(2) CHgO MEMO" 

MEMC 

(1) HgSO^/CrOg 

.OH 

(1) THF / HgO / HC|0 
(2) PgNi 

OH 

(1) TosCL / KOH / 
EtjO 

(2) Li Br / Acetone 

(1) EtMgBr / CuCI / ROM 
(2) RBr / HMPA 

SCHEME l i b 

Oehlschlager's 1986 synthesis of the precursor to II. Yield = 14% overall 

This approach also protects the deconjugated enoic acid group, 

which is generated immediately prior to cyclisation, which is performed 

using the Mukaiyama procedure (details in Chapter 1). No additional 

mformation about the cyclisation is given, other than a note stating that 

several attempts were made after which it was concluded that the cyclisation 

of the molecules is inherently difficult; no comment is made concerning 

alternative cyclisation conditions which might have been tried. However 
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given the molecules' and the also the hydroxy acids' sensitivity to heat it 

would not be unreasonable to assume that this is the only method which 

can be used successfully and that others were tried with no success (the 

Corey method would almost certainly destroy either - or more likely both -

the hydroxy acids and the lactones, whilst the Mitsunobu approach could 

not be expected to prefer intramolecular esterification with such a strained 

system). Clearly, then, in the case of compound I any improvement to the 

preparation of the hydroxy acid would be futile as the lactonisation goes in 

such poor yield. However, the 27% lactonisation yield obtained with 

compound II could just about form part of a commercially viable route to 

that compound, provided that the hydroxy acid could be made cheaply 

enough. Recent developments in the synthesis of 1,4-diunsaturated 

compounds have considerably simplified the search for a suitable route, as 

a) Recent work by feffery'^^ has shown that 1,4-enynes can be made via 

copper halide catalysed direct coupling of terminal acetylenes and allyl 

chlorides, under conditions mild enough to tolerate carboxylic acids and 

esters. Also no deprotonation of the acetylene is required as is the case with 

the coupling used in the Oehlschlager syntheses. This should allow the 

relatively low yielding Jones oxidation steps in the Oehlschlager syntheses 

to be dispensed with, by enabling the coupling of the propargyl (or allyl) 

halide fragments with 3-butynoic acid rather than 3-butyn-l-ol. 

b) Work by Santelli has indicated that skipped polyenes can be formed by 

Wittig reactions using the phosphonium salt (3,3-disopropyloxy)propyl 

triphenyl phosphonium bromide in an iterative process. This has been 

applied to the synthesis of methyl arachidonate'^^ (Scheme 12). Given that 

the hydroxy aldehyde starting material which would be required in the 

synthesis of target compound 11 is readily available from cheap starting 

materials^^ this would appear to be an almost ideal approach. 
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(a) 

(b) 

(a).(b), (a), (b). (a).(b) 

(C).((I) 

OiPr 
(V Ph3P—QJPJ. / THF / PhMe , ylid formed using NaNfTMS) ^ 

(b) O.IM pTsOH/THF 

(c) C q ^ , THF / HMPA, ylid formed using NaNfTMS) ^ 

(d) CHgNz/EtjO 

SCHEME 12 

Santelli methodology for the construction of skipped polyenes 

An investigation into the synthesis of compound II using this 

methodology forms part of this project (see Chapter 5). 

2.4 : OTHER DIRECT MACROLACTONISATION APPROACHES 

In addition to the alternative approaches to hydroxy acid type 

precursors that have become available there remains the possibility of using 

a reaction other than ester formation to close the ring system. However in 

view of the seemingly inherent difficulties in closing the ring it seems clear 

that this would need either to provide a powerful driving force towards 

intramolecular rather than intermolecular reaction, or make ring closure 

less demanding entropically, for instance by forming a conformationally 

restricting feature (via a less restricting transition state) as a direct product of 

the reaction used to achieve the closure. An example of this would be the 

use of a Wittig-type olefination reaction to close the ring by making one of 

the Z-alkene functionalities; unfortunately however this is not a viable 

route due to the need to form unstabilised ylids in order to achieve 
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Z-selectivity. This has always been a problem with such closures, and has 

meant that yields for the closure of even simple cyclic systems have been 

modest^^. In the case of the target compounds the inevitable presence of 

base-sensitive functionalities in all of the possible precursors which might 

be used (see Scheme 13), taken together with the likelihood of the rate of 

ring closure being very slow makes isomerisation or enolisation of the 

starting material by far the most likely outcome. 

pph. 

pph. 

9CHEWE13 

The necessary precursors for formation of II by Wittig ring closure 

Many other reactions which have been applied to macro-ring 

closure are constrained by similar problems; in the case of radical based 

methodology there is the additional problem of avoiding the much more 

favourable formation of the more familiar ring sizes resulting from radical 

attack on the alkenes (which is made all the more likely by the ensuing 

removal of the conformationally restricting alkene functionality). 

2.5 : I)C)SSIBL1E R()IJTES 

Formation of the target compounds by a route which avoids direct 

macrolactonisation is an attractive option, as it should allow the low 

yielding cyclisation step to be avoided. However there are fundamental 

difficulties in making the target systems via such a route, these being 
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i) The position and sensitivity to isomerisation of the double bonds. As with 

the direct macrolactonisation approach this is a very serious problem, as it is 

necessary to set up the sensitive functionalities as late as possible in the 

synthesis. This strongly suggests that one of the double bonds should be 

emplaced by a final step fragmentation which converts a bicyclic precursor to 

the target monocyclic product. If this is to be achieved then the method of 

Posner would seem to be an ideal approach, as it generates both an ester and 

a double bond e- to it. However whilst the final step fragmentation itself 

seems viable, the synthesis of the immediate precursors which would be 

needed presents severe difficulties (Scheme 14). 

SnBu, 

H : 

[dl] 
HO 

PRECURSOR 
TO TARGET 
COMPOUND 

I 

SnBu, 

PRECURSOR 
TO TARGET 

COMPOUND 
n 

SCHEME 14 

Precursors required to form target compounds, assuming oxidative fragmentation as last 

step 

Chief among these is the formation of the 8 or 9-member lactol, 

which unlike the 6-member lactols which have commonly been used in this 

type of work cannot be formed by simple acid catalysed condensation of the 

equivalent hydroxy ketone. There is also the more serious problem of 

creating the correct (anti) relationship between the tributylstannyl leaving 

group and the bridgehead hydrogen, a process which would not be possible 

using the usual method of non-allylic alkyl tributyl stannane formation 

(Michael addition of LiSnBu^ to an a,|3-unsaturated ester or ketone). Of the 

other fragmentation routes mentioned in Chapter 1, the Schreiber method 

can be ruled out as the the alkene formed would almost certainly have the 

incorrect E-geometry'^'^, the method of Suginome et al would be rendered 
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useless both due to the difficulties in forming the lactol precursor and the 

problem of competing radical processes occurring under conditions of 

photolysis, and the a,p—enone to (o-alkynone fragmentation would be 

inappropriate as i) the product alkynone required would be highly strained, 

making its formation unlikely and ii) the problem of oxidation of the 

macroketone product to the macrolactone in the presence of 

alkenes/alkynes would remain. 

:2.6 (ZMP TTHI? T\4LEIC;E:T!3 irBlCyirEXZTlEID 1 

CONTAINING PRECURSORS 

There remains the possibility, however, of devising a route to the 

targets which proceeds via intermediates which contain the sensitive 

functionalities in a protected form, ready to be generated when the rest of 

the molecule has been constructed. Ideally the means of protection should 

> _X > 

[1 ] [2] [q R=H 
[4] R=C02R' 

Removal of the R' groups from [4] followed by spontaneous decarboxylation gives the 
disubstituted hydrazine [3], Treatment of this with copper(ll) chloride gives a thermally 
stable complex, which on treatment with aqueous ammonia yields [1] via the unstable 
intermediate [2], 

Scheme 15 

Formation of target compound II via 1,4-dienc protected prccursors-proposcd final steps. 

also enhance the lactonisation, for instance by reducing the AS value for 

bringing the two termini together. One possible approach would to utilise 

the final transformations shown in Scheme 15. The protection of the 



- 2 1 -

1,4-diene as what is effectively its homo Diels-Alder adduct with a suitable 

azodienophile, leaving the final deprotection sequence [4] - [1], performs two 

functions; 

i) Protection of both the sensitive functionalities, allowing a much wider 

choice of lactonisation reagents and conditions. 

ii) Reduction of the conformational freedom of the hydroxyl and carboxyl 

bearing chains in the hydroxy acid precursor to [4], decreasing the entropy of 

cyclisation relative to that seen with the direct macrolactonisation strategy 

by increasing the probability of the desired interaction between the termini. 

In fact the siting of the chains 1,4- and syn on what should be an 

almost flat 6-member ring can be expected to give a reduction in AS of some 

considerable magnitude (see Scheme 16). When this is taken together with 

point (i) it is not unreasonable to predict that cyclisation should be made 

considerably easier. In addition to the synthetic advantages promised by this 

route there is the additional bonus of the potential "slow release" 

mechanism which arises from the cleavage of the protecting group - the 

cuprous azo complex formed on deprotection should be stable at room 

temperature^^, in marked contrast to the target compounds themselves. 

Simple and quantitative cleavage of such complexes gives azo-compounds, 

which when possesing structures analogous to those in the projected 

precursors have been shown to undergo the desired retro homo Diels-Alder 

fragmentation instantaneously and quantitatively at room temperature"^^. 

Control of the rate of hydrolysis, therefore, should allow control of the rate 

of pheromone release ; moreover the non-toxic nature of the reagents and 

by products involved should allow the deprotection to be carried out in 

vivo (i.e. actually inside the traps used to collect the insects). Given the 

great potential of this approach a study of this methodology was under 

taken, and forms the major part of this project (Chapters 3 & 4). 
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THREE 
DIMENSIONAL 
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DIMENSIONAL 

SCHEME 16 

Two dimensional and minimised three dimensional structures of hydroxy acid precursor to 

intermediate [4] in a projected synthesis of II using the approach outlined in Scheme 15. The 

dienophile used is PTAD. 3D view is taken from above the aromatic ring, looking towards 

the cyclopropane. Note the almost flat main 6-member ring, and the proximity of the 

alcohol hydroxyl group and the carbonyl of the carboxylic acid (calculated distance = 4.64A) 
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CHAPTER 3 

FORMATION OF PROTECTED 1.4-DIENES BY CYCLOPROPANATION 

3.1 : THEORY 

Direct formation of homo Diels-Alder adducts cannot be achieved 

when (as in this case) the potential exists for the more favoured ene 

reaction to occur. The most conceptually simple alternative route to the 

desired protected 1,4-dienes is that shown in Scheme 17, i.e cycloaddition 

between the dienophile and the appropriate 1,3 - diene, followed by 

cyclopropanation of the alkene so generated, formation of the lactone and 

finally deprotection of the masked diene. 

A 

"7 
> 

[2] 

> 

[3] R=H 
[4] R̂ COgR' 

\ 

2 steps 

V 

HOaCs 

[5b] + 

A'COgNzzzNCOgR' 
4 

yCOzH 

[5a] 

SCHEME 17 

Retro synthetic analysis for routes utilising alkene cyclopropanation. 

When designing such a route the following points must be considered; 
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i) The stereochemistry of the cyclopropane ring (relative to both the 

hydroxyl and carboxyl bearing side chains and also the azo group formed on 

deprotection + oxidation) will be vital in determining the alkene geometries 

in the 1,4-diene which is formed in the final fragmentation^^. If the 

necessary Z,Z geometry is to be obtained then it is clear that the cyclopropane 

and the side chains must have a syn relationship, as the fragmentation has 

been shown to strongly prefer an anti relationship between the 

cyclopropane methylene and the departing nitrogen molecule in the 

transition state ^^(Scheme 18). This preference seems to be due primarily to 

electronic effects and is largely unaffected by steric factors; if these were the 

dominant factor then the opposite transition state would be expected. 

R2 

H' 

H H 

SCHEME 18 

The transition state for the projected final fragmentation. 

ii) Adducts from most of the common azodienophiles (dialkyl 

azodicarboxylates, triazolinediones etc) require cleavage conditions which 

would almost certainly cleave the desired lactone"^^. However dienophiles 

have been introduced whose adducts can be converted to the required 

disubstituted hydrazines under mild conditions. 

iii) In order to achieve the required stereorelationship between the two side 

chains the 1,3-diene must have exclusively the E,E-geometry (Z,Z- would 

also give a syn relationship but it is most unlikely that the Z,Z-l,3-diene 

would react). 
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iv) The p,Y,5,e-imsaturated acid [5b] suggested as the 1,3-diene may be prone 

to isomerisation, and the formation of the acid functionality may therefore 

be better carried out after the cycloaddition. 

The following questions were posed as the subject for initial 

investigations; 

v) Could cyclopropanation of such Diels-Alder adducts be carried out 

without disturbing a lactone functionality? 

vi) What cyclopropane stereochemistry would be obtained? Would this be 

different for lactone containing (i.e. bicyclic) and hydroxy acid containing 

(i.e. monocyclic) adduct substrates? 

vii) Could cleavage of the urethane functionality in the protected 1,4-diene 

by achieved without disturbing the desired lactone? 

3.2 ATTEMPTED CYCLOPROPANATION OF MODEL ADDUCTS 

Investigations began with the preparation of the adducts between 

various model dienes and suitable azodienophiles. The dienes were chosen 

to produce adducts containing the functionalities to which tolerance by the 

cyclopropanation procedure might be required; thus the adducts between the 

dienes sorbyl alcohol [6], methyl sorbate [7] and piperylene, and the 

azodienophiles diethyl azodicarboxylate (DEAD), 2,2,2-trichloroethyl 

azodicarboxylate (TEAD)'̂ ^ and 4-phenyl-l,2,4-triazoline-3^5-dione [8] (PTAD) 

were prepared in high yields by direct cycloaddition. These adducts (Scheme 

19) were then subjected to a variety of cyclopropanation techniques; the 

results were as follows. 

a) Simmons-Smith cyclopropanation^^. Several variations on the basic 



- 2 6 -

procedure were employed^^, including the use of copper metal alone rather 

than a Zn-Cu couple^^. However in every case the result was destruction of 

the adduct, giving only complex mixtures of low yield products. GLC 

monitoring of the reactions of [9] and [10] under the basic Simmons-Smith 

conditions revealed that the retro-cycloaddition was apparently occurring 

rapidly, followed by destruction of the diene and dienophile. As zinc halides 

(which are Lewis acids) are often used as catalysts for such retro Diels-Alder 

processes this seems a reasonable interpretation, and a satisfactory 

explanation for the results obtained with all the adducts. 

[6 ] 

^ CO2M6 
mixture of geometrical 
isomers. Z,Z: E,Z + Z,E 
= 65:35 (GC) 

[7] 

^ CH2OH 

mixture of geometrical 
isomers. Z,Z: E,Z + Z,E 
= 65:35 (GC) 

4 N—Ph 

[ 8 ] 

MeOgC 

M .OR 

HOHgC 
[9] R^CHzCHg 

[10] R=CH2CCl3 
mixture of di-
astereoisomers 
syn:anti of ca. 

3 :2 

M4]R=CH2CCb 
mixture of di-
astereoisomers 
syn:anti of ca. 

3:2 

SCHEME 19 

The adducts used in the initial trials 

[11] RzzCHzCHg 
[12] R=CH2CCl3 
mixture of di-
astereoisomers 
syn:anti of ca. 
3 : 2 

[15] R' = COgMe 

Ph [16] R' = CH2OH 

n7]R' = H 

b) Cyclopropanation using diazomethane and a variety of catalysts known to 

promote the formation of the necessary metal carbenoid species. These 

included Rh(OAc) dimer^^, cuprous chloride^, palladium (II) acetate^^ and 

cuprous iodide-trimethyl phosphite complex^^. The use of this approach was 

restricted to the liquid adducts [8] - [14], owing to the insolubility of the 
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adducts [15] - [17] in the ethereal media used. Despite a claim made by 

Berson^^ in 1969 that the adducts between dimethyl azodicarboxylate and 

2,4-hexadiene have been cyclopropanated in this way no reaction was 

observed for any adduct using ethereal diazomethane solutions obtained by 

co-distillation (concentrations of < 0.5 M). This lack of reactivity can be 

rationalised in structural terms for the adducts [9] - [12], as the presence of 

the ester group can be expected to cause both increased hindrance and also a 

further decrease in the electron density in the alkene. As will be seen in 

Chapter 4, alkenes in this type of environment are already electron-poor 

(and are therefore resistant to attack by electrophilic species), and this 

probably explains the lack of reactivity shown by [9] - [14] towards the Lewis 

acid catalysts used for this type of cyclopropanation. The failure of [13] and 

[14] to react is however suprising in the light of Berson's results; the most 

likely explanation for this apparent discrepancy is that Berson used much 

higher concentration solutions of diazomethane. This hypothesis is 

supported by the fact that the catalyst used by Berson (cuprous chloride), 

whilst the most effective available at the time, is much less active than 

some of the catalysts which have been reported since^^. Owing to the 

hazardous nature of higher concentration solutions of diazomethane this 

hypothesis was not tested; the question is in any case largely academic, as the 

hazards involved are so great as to preclude use of this method on a large 

scale. 

3.3 GENERATION OF DISUBSTITUTED HYDRAZINES 

Given the problems involved in cyclopropanation of the adducts, 

attention was redirected towards cyclopropanation of the disubstituted 

hydrazine intermediates obtained on urethane cleavage. It was expected that 

these species would prove to be more suitable as substrates, because 
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i) The extrusion of di-imide via a retrocydoaddition is much less likely than 

the simple reversal of the initial Diels-Alder reaction seen with [9]-[17] 

under Simmons-Smith type conditions. Taken together with the fact that 

the Simmons-Smith reaction is known to proceed particularly well on allyl 

alcohols and amines^®, this makes the hydrazines promising targets for 

cyclopropanation. 

ii) The removal of the electron-withdrawing carboxylate functionalities 

from the urethane nitrogens should marginally increase the reactivity of the 

alkene, thereby increasing the chances of successful cyclopropanation using 

the metal-catalysed diazomethane approach. 

However in order for such methodology to be useful in the 

synthesis of the target compounds it is desirable that the cleavage reaction 

used be capable of cleaving the urethane in the presence of a lactone (i.e. the 

conversion [4] to [3] depicted in Scheme 17). Of the azodienophiles which 

have been developed to produce urethanes which may be cleaved by such 

reactions, the most promising appeared to be TEAD [bis- 2,2,2-trichloroethyl 

azodicarboxylate). The 2,2,2-trichloroethyl group is known to be susceptible 

to reductive cleavage using activated metallic zinc^^, and at least three 

examples^^'^^'^ have been published of this being applied to the cleavage of 

TEAD - derived urethanes. Whilst only one of these gives experimental 

details, the system studied (by Rastetter - Scheme 20) is analogous to the one 

under development. In none of the three cases, however, were the 

hydrazine intermediates isolated - something which would clearly be 

desirable (if not essential) if they are to be cyclopropanated. 

An investigation was undertaken to ascertain whether or not the 

hydrazine intermediates could in fact be isolated. To this end the adducts 

[10], [12] and [14] were treated both with Zn /AcOH^^ and with zinc-copper 
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couple in refluxing methanol^®^'^, the two methods reported in the 

literature. Whilst the former method (Rastetter published full experimental 

details) surprisingly gave only unreacted starting materials, the latter gave 

smooth cleavage of the adducts to give solutions of zinc salts. However 

separation of the hydrazines from these could not be accomplished, despite 

the use of continuous extraction, both from aqueous solutions and from the 

solid residues obtained on evaporation. No significant amounts of the 

hydrazines were obtained, even when the solids were extracted with acetic 

acid. 

cq^citca, 
Zn. AcOH/THF(1:1) 

o°c 

[20] 

SCHEME 20 

Rastetter's results with sym- Oxepin Oxide 

In order to determine whether or not hydrazine formation had 

occurred the products obtained from cleavage of [10] and [12] were oxidised 

by the addition of IN aqueous cupric chloride. This gave a mixture of 

products in low yields in the case of [10]; however in the case of [12] a trace of 

sorbyl alcohol was generated, although the yield was very low (5-10%). The 

isolation of the original diene rather than a cuprous complex reflects the 

powerful driving force towards retro Diels-Alder fragmentation; any 
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cuprous azo complex formed would be too unstable to survive. The contrast 

with the homo Diels Alder fragmentation seen by Rastetter (and desired 

here) is clear, i.e. the energy barrier to retro homo Diels-Alder fragmentation 

is considerably higher than with simple retro Diels-Alder, and the reduction 

in the driving force towards retrocycloaddition allows the copper azo 

complex to be isolated. As a more general test of the effectiveness of the 

methods used the alkene functionalities in [10], [12] and [14] were removed 

by catalytic hydrogenation, to give the compounds [21]. [22] and [23] 

respectively. 

R o 

A [21] R zzCOgMe 

i: :Cu I mixtures of di- I I 

VOCH2CCI3 astereoisomers 
syn:anti of ca. 
3:2 < o [23] < [24] 

These were then subjected to the same cleavage conditions, and 

upon oxidation of the intermediates with CUCI2 the following was observed; 

[21] gave only a complex mixture of products in low individual yields, [22] 

gave a similar mixture (however slight traces of azo-complex were detected, 

but not isolated) and [23] gave the azo-complex [24] in an isolated yield of 

68%. 

3.4 CONCLUSIONS 

The conclusions which can be drawn are; the deprotection 

method works adequately for simple compounds, but fails in the presence of 

functonalities such as esters, where the ester is situated (3- to the urethane. 

The poor yields (relative to [24]) seen with the adducts [12] and [22] are most 

surprising , as the alcohol functionalities in those molecules can would not 

normally be expected to dramatically influence the course of a reaction 

carried out in methanol. 
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Despite these discouraging results there remain possibilities worthy of 

investigation. In particular there are azodienophiles other than TEAD 

which could conceivably be used - for example the 2,2,2-trichloroethy 1 group 

could be replaced by 2-trimethylsilylethyl (which can be removed using 

tetrabutylammonium fluoride^^^) or even p-methoxy benzyl, removable 

using DDQ^^^. A number of other such 2-substituted ethyl protecting groups 

have been developed for the carboxyl functionality^^^ and may also be of 

use. 
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CHAPTER 4 

ROUTES BASED ON THE ADDUCT [261 

4.1 THEORY 

The routes to the target compounds discussed in this chapter rest 

solely on the fortuitous creation of the required stereorelationship between 

the cyclopropane and the two potential alkyl functionalities in the adduct 

[26] which is formed by reaction of [8] with cycloheptatriene [25]. 

O 

CH2CI2 Ph. 
[8] — ^ N 

A. 
A 

25°C 

[25] [26] 

Although this reaction was first reported^^ in the late 1960s, and 

has been verified by other workers since, to date only one claim has been 

made for use of this adduct in synthesis. This was made by Berson^^ in 1969, 

who reported that the adduct could be ozonised and the resulting ozonide 

reduced using sodium borohydride to give the diol [27]. No yield is given for 

the diol, although it is stated to be crystalline. It was decided to investigate 

the functionalisation of the adduct, with a view towards using it as a source 

of the required masked disubstituted Z,Z-l,4-diene. The following questions 

were posed; 

i) How efficient could the conversion to the diol be made? What other 

possibilities exist for ozonolytic cleavage? What other means of alkene 

cleavage / functionalisation can be used? 

ii) Could the relatively unreactive urazole functionality be cleaved in the 

presence of the desired lactone? If not, could it be exchanged for a more 
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easily cleaved group before formation of the lactone? Unfortunately the 

periselectivity displayed by [8] towards [25] is not seen with acyclic 

azodienophiles, which undergo the ene reaction preferentially^^. This rules 

out the use of dienophiles such as TEAD which can be cleaved under mild 

conditions, and unfortunately there is a dearth of cyclic dienophiles which 

have similar properties. Whilst it is possible to suggest such dienophiles ( 

[28] would be a good example, as the adducts it forms should be susceptible 

to cleavage by treatment with triphenyl phosphine) the amount of time 

required to develop an efficient synthesis caused this to be excluded from 

consideration in the initial investigations. 

CĤOH Q 

NPh 

N = N 

° CM] 

4.2 OZONOLYTIC CLEAVAGE TO THE DIOL[27l 

The first investigation undertaken was to determine the efficiency 

of the ozonolysis as described by Berson. To this end the adduct [26] 

(synthesised in excellent yield (>98%) from [8] and [25]), was treated with 

ozone over a range of temperatures from -90°C to -20°C, utilising a range of 

solvents including methanol, dichloromethane, ethers and chloroform. The 

resulting ozonides were reduced with NaBH^ at ambient temperature. After 

much experimentation it was established that the optimum conditions gave 

a yield of just over 40%. Given the probable difficulty involved in 

differentiating between the two primary alcohol functionalities it was 

judged that this did not constitute a synthetically viable approach. 
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4.3 OZONOLYTIC CLEAVAGE TO TERMINALLY DIFFERENTIATED 

PRODUCTS 

The problem of differentiation between the two sides of the 

alkene indicated that a more useful approach would be that described by 

Schreiber'^^, which allows the cleavage of symmetrical cycloalkenes to 

terminally differentiated products. The methods which are described 

iruclud(2 the c()riversic)n ()f ttiie allcene ko aukieh/yxie - (!st€i:r, iildetiyide - acxztal ()r 

ester - acetal; they work well for cycloalkenes with ring sizes of 6 or more, 

but yields drop dramatically for cyclopentenes. The reasons for this are not 

made completely clear, but it seems likely that the main factor is the ease 

with which scrambling can occur between the termini. The ozonolysis 

procedures and Schreiber's proposed mechanisms are shown in Scheme 21. 

(qt). 
Oa/MeOH/CHzOz EI3N/AC2O 

[29] [30] 

pTsOH 

McOH 

UNaHCO:, 
2) (CH3)2S 

O — O M a 
[31] 

2)Et3N/Ac20 
"(Me 

[33] 

, O M e 

(dti. 

[34] 

Scheme 21 

The Ozonolysis / workup procedures reported by Schreiber 

The fact that low yields are common to [31], [33] and [35] with n=0 
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suggests that the problem lies in the formation of the species [30,n=0] rather 

than with any particular workup procedure. It is interesting to note that in 

the generation of [31] where n=0 the fragmentation is reported to take place 

partially from the cyclic form [36] of [30], via an initial acetylation of the 

hydroxy! group (Scheme 22). 

y C M e CMe 

Oas before / \ Er^N / Ac p / \ 24hrs, 25°C 
/ Q / V. *«. 
v _ / V / 

po ( > - 0 ^ 

Scheme 22 

The mechanism reported for the formation of [38] from cyclopentene 

The fact that this does not occur for n>l almost certainly reflects 

greater difficulty in forming [31], due to the increase in ring size from 6 to >7. 

This phenomenon may provide a means of determining the extent of the 

assistance given to macrocyclisation by the gym relationship of the termini 

formed by ozonolysis of [26] (see Chapter 2, Scheme 16 and related 

discussion), as the 6-member ring in [26] which is cleaved on ozonolysis 

would not (in a monocyclic system) be expected to give a cyclic intermediate 

of the type [36] . However if the steric relationship between the two termini 

is such that cyclisation is enhanced then a significant amount of the 

fragmentation to the ester-aldehyde [39] may well take place via this (much 

slower) pathway. This may provide some indication as to whether or not 

the fundamental assumption underlying this synthetic approach is correct. 

(McO)2ljC Q McOgC (McO)2HC 
O 

McOiC ° OHC 
[39] HO] 

Accordingly attempts were made to generate the compounds [39], 
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[40] and [41] from [26] using these methods. However the pattern of low 

yields and unexpected intermediates and side products seen with 

cyclopentene is unfortunately repeated with the system under investigation; 

the attempts to generate [39] and [40] both gave identical inseparable 

mixtures of mainly unidentifiable products, with a yield of [39] of perhaps 

5-10% (not isolated). Attempts to form [41] gave a similar mixture, although 

in that case no trace of the desired product was detected. 

/L/t A/TETHROpc; 

Alternative methods of alkene functionalisation were 

investigated, consisting mainly of a variety of electrophilic additions to [26], 

including epoxidation (using MCPBA at elevated temperatures^, MMPP^^, 

and trifluoroperacetic acid^^) and bromohydrin formation^^. In each case, 

however, only complex mixtures of products were obtained, with no trace of 

the desired epoxide. This reflects the pronounced deactivation of the alkene 

towards electrophilic attack, a phenomenon already observed for the adducts 

[9]-[17] during attempts at cyclopropanation (see Chapter 3). 

4.5 PROTECTING GROUP EXCHANGF 

A parallel line of investigation concerned the cleavage of the 

urazole functionality and the reprotection of the resulting disubstituted 

hydrazine with a group more amenable to cleavage in the presence of a 

lactone. The standard cleavage conditions for urazoles were introduced by 

De Lucchi , and involve treatment of the urazole with hydrazine hydrate. 

A modified version of this procedure was employed, followed by 

di-acylation of the hydrazine with benzyl chloroformate - pyridine. 
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,OpzBz 
1) NHgNHg / 1:1 PhH / 95% EtOH / 0-25=0 [f 

2) 2BZOCOCI, 2 pyridine 

Scheme 23 

Deprotection / reprotection of [17] 

Accordingly this method was applied both to adduct [26] and also 

to an acyclic model system, this being the adduct [17]. Benzyl chloroformate 

was chosen as benzyl esters are known to be susceptible to cleavage under 

mild, neutral conditions by catalytic hydrogenat ion^^Despi te the use of 

brutal conditions (120°C reflux) [26] did not react: this is in line with results 

obtained by De Lucchi. However [17] underwent smooth cleavage and 

reprotection in excellent yield. This is a promising development and 

appears to contradict some of De Lucchi's results, as the alkene functionality 

survives intact rather than undergoing di-imide reduction as claimed^^. 

4.6 CONCLUSIONS 

The severe difficulties encountered in functionalisation of the 

alkene in [26] strongly suggest that this type of route is not likely to be viable, 

although the successful exchange of protecting groups does offer some hope 

if the first problem can be surmounted. The considerable potential of this 

methodology as a source of protected, geometrically pure Z,Z-skipped dienes 

may justify further investigations. 
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CHAPTER 5 

IMPROVED ROUTE TO THE HYDROXY ACID PRECURSOR TO II 

5.1 ]QSJT:Fi()i:)i.;c:Tric)i\r 

A number of methods (outlined in Chapter 2) are now available 

by which the Oehlschlager synthesis of the hydroxy acid precursor [50] to 11 

might be improved. The most promising of these stems from the 

methodology recently developed by Santelli, which it is hoped will allow 

the construction of the hydroxy acid [50] efficiently from extremely cheap 

starting materials (cyclohexene, acrolein and acrylic acid). The route 

envisaged is shown in Scheme 24. 

1)03/Me0H 
2) EtgN/AcgO 

H7] 

0.1M pTsOĤ aq, 
inTHF 

[48] 

LiAlh^/THF 

OiPr 

P h ; P - s ^ o ; p r / THF / PhMe 

ylid [46], formed using NaN(TMS)2 

PhgP-̂ CĈ Nb 
THF/HMPA 

ylid [49], formed 
using NaN(TMS)% 

HO_ 

0 . 1 M pTs0H(aq, 

inTHF 

[45] 

,CC^ 
[50] 

Scheme 24 

The proposed route to [50] using Santelli's methodology 
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Note that the conversion of cyclohexene to methyl 6,6-dimethoxy 

hexanoate [43] by ozonolysis / dehydration has been well documented^^, as 

has the reaction of unstabilised phosphoranes with hydroxy aldehydes. The 

potential advantages of this route are; 

i) The extremely low cost of the starting materials. 

ii) The fact that all the various processes involved have been widely used on 

a multigram scale, thus lessening the risk of problems in scaling up. 

A further potential advantage lies in the possible extension of the 

route to include the synthesis of chiral target I, as the required chiral lactol^^ 

starting material should be readily obtainable^*^. It was decided to investigate 

both these routes, beginning with the route to 11 shown in Scheme 24. 

4.2 SYNTHESIS OF INTERMEDIATE [471 

Crude [43] was prepared from cyclohexene using the method 

described by Schreiber^^, and then reduced using lithium aluminium 

hydride in ether. This furnished the hydroxy acetal [44] in 71% yield from 

cyclohexene. Hydrolysis of the acetal group followed by reaction of the crude 

hydroxy aldehyde [45] with the preformed ylid [46] in THF / toluene gave the 

hydroxy diisopropyl acetal [47] in 70% yield from [44], with a ratio of Z:E of 

>98:2 (isomers separable by flash chromatography). Thus the precursor [47] to 

the desired hydroxy acid [50] has been produced from cyclohexene in 52% 

overall yield. This leaves only the final steps [47] to [48] (not isolated) and [48] 

to [50^ 

4.3 CARBOXYOLEFINATION OF [481 

The ylid [49] has been widely used in the preparation of 

p.y-unsaturated carboxylic acids, and indeed has long been (along with 
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deconjugation) one of the methods of choice for making them. as 

i) The protection of the acid group as its sodium salt during the reaction 

greatly decreases the acidity at the activated a-position in the product, thus 

preventing the isomerisation which often occurs with other approaches. 

ii) The aldehydes needed are generally readily available. 

iii) Both the phosphonium chloride and particularly the phosphonium 

bromide can be made easily and efficiently from acrylic acid. 

tIc)weT/er tliere aure chrawlDaudks tc) diis rruzthod as wtdl, of wrhicli the 

most serious is that the ylid [49] is unstable, decomposing to give triphenyl 

phosphine and various minor products. A mechanistic rationale for this is 

proposed in Scheme 25. 

o 
© Ph} 

Br 
Q 

[51] 

CH 
© Rl3 

O 

Ph. 

o 

[52] 

Base 

O 

+ NaBr 
[49] 

Base 

/ \ +NaBr 

[53] 

Base 

+ PhaP 

SCHEME 25 

Decomposition of ylid [49] from [51] - suggested pathways. 

The problem has generally^^ been overcome by m szfu trapping 

of the newly formed ylid with the carbonyl substrate; i.e base is added to a 

mixture of substrate and phosphonium salt. This tends to suggest that 

deprotonation of the acid leads initially to mainly the double salt [52], with 
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the equilibrium between it and the oxa-phosphorane [53] lying well to the 

left (most of the work done on the system has used highly polar dimethyl 

sulphoxide as solvent, which can be expected to solvate the sodium 

carboxylate and phosphonium bromide functional!tites particularly well). 

Further deprotonation should lead to almost entirely the desired ylid [49] 

(this conclusion being based on the known pK^ values for protons a- to 

phosphonium salt and sodium carboxylate functionalities, and on the 

assumption made above concerning the equilibrium between [52] and [53]). 

The likelihood of direct decomposition of the ylid [49] to triphenyl 

phosphine and sodium acrylate would seem slight, suggesting that some 

form of equilibration must be occurring between the ylid [49] and the 

oxa-phosphorane [53]. 

Whilst the mechanism of the decomposition may at first seem an 

irrelevant detail, it becomes significant when it is realised that the extreme 

sensitivity to enolisation of the pj-unsaturated aldehyde substrate [48] rules 

out in situ trapping of the ylid [49] as a means of preventing its 

decomposition (the simple fact of non-enolisation of the aldehyde in the 

presence of unstabilised ylids is surprising enough, and the likelihood of 

preferential deprotonation of the phosphonium salt in the presence of the 

aldehyde seems remote). The question thus remains of how decomposition 

of [49] can be prevented in a way compatible with the carboxyolefination of 

[48]. The following general observations can be made; 

i) In order to prevent the decomposition of the ylid it is necessary (assuming 

that the mechanism suggested is correct) to prevent the formation of the 

oxa-phosphorane [53]. One way of doing this might be to use a solvent with 

an even higher polarity than DMSO, on the grounds that even more 

effective solvation of the phosphonium salt and sodium carboxylate 

functionalities in [52] should shift the equilibrium between it and [53] 
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towards the former. 

ii) The use of sodium bases to form the ylid, although widely practised, may 

not be particularly helpful in terms of preventing formation of [53]. The 

sodium cation does not co-ordinate strongly to oxygen anions, and this 

failure to co-ordinate may well increase the tendency for internal oxygen to 

phosphorus co-ordination. If, on the other hand, a lithium base (such as 

lithium di-isopropylamide) were used instead, the more oxophilic lithium 

cation could be expected to become more tightly bound to the carboxylate 

anion (formed on removal of the first proton). This may well increase the 

lifetime of the ylid [49] formed on further deprotonation by shifting the 

equilibrium between [52] and [53] to the left. 

iii) The use of a phosphonium salt which contains the acid functionality in 

a protected form (such as an ester or even orthoester), followed by hydrolysis 

to the acid is a possible alternative which merits investigation. It should be 

noted that this creates the subsequent problem of hydrolysing the protected 

form of the acid in the presence of the newly-created 1,4-diene and 

|3,y-unsaturated ester functionalities (assuming the carboxyl group is 

protected as an ester). One possible solution might be the use of the tert -

butyldimethylsilyl ester, which can be cleaved under mild, almost neutral 

conditions^^. The stability of silyl esters to Wittig reactions using stabilised 

ylids has been documented^^; however, no examples have been published 

regarding their stability towards attack by unstabilised ylids. 

Hence the following experiments were conducted; 

a) Isolation of the oxa-phosphorane [53]. This was accomplished by the 

simple expedient of dissolving the phosphonium bromide [51] in water, 

neutralising the resulting solution by the addition of sodium bicarbonate. 
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and then continuously extracting with chloroform. 

b) Formation of the ylid from a suspension of the phosphonium bromide in 

in HMPA / THF, with varying amounts of time being allowed between 

addition of base and subsequent addition of aldehyde (the aldehyde used for 

these trials was butyraldehyde). 

[54] [55] 

The acid [54] so obtained was esterified with diazomethane prior to isolation. 

The yields of [55] recorded were low (<20%) with delays of <30 minutes, 

gradually increased with longer delays to a maximum of 84% with a delay of 

90 minutes, and began to drop dramatically once the delay reached 3 hours 

or more, reaching zero with a six hour delay. The most plausible 

explanation for this pattern of results is that formation of the ylid is slow 

(due to the heterogeneous nature of the system employed), and that gradual 

decomposition of the ylid occurs as soon as it is formed; this accounts for the 

low yields obtained with both short and long delays. 

It was concluded that the ylid could be used to generate the {3,Y-unsaturated 

acid required, and as a trial the hydroxy aldehyde [45] was reacted with the 

ylid using the optimum conditions for ylid formation determined using 

butyraldehyde. However, no trace of the desired product [56] was obtained, 

only a highly polar gummy residue showing no discrete peaks by nmr or ir 

analysis. The MEM-protected aldehyde [58] (generated from the compound 

[57], which in turn was obtained from [44] using the standard procedure^'^) 

similarly gave no trace of the desired product [59]. The TBDMS-protected 

compound [60] was formed^^ (again from [44]), but it proved impossible to 

selectively hydrolyse the acetal group in this compound to form [61]. 
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OMa 

MEMO. 
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[57] 
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ÔMe 
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[58] 

(6^ 

5 ,4CONCLimPNS 

The failure of the ylid [49] to form the desired products with [45] 

and [58] is surprising; there seems to be no obvious explanation given the 

apparent success with butyraldehyde. This lack of success casts considerable 

doubt as to the viability of the synthetic pathway, although several 

experiments remain to be conducted, including the use of lithium rather 

than sodium bases and in particular the use of carboxyl-pro tec ted ylids. 
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CHAPTRR 6 

EXPERIMENTAL SECTION 

6.1 : GENERAL 

Where solvents and / or reagents are stated to be dry the following 

dehydration procedures were employed; for tetrahydrofuran, benzene, toluene and diethyl 

ether distillation from sodium wire; for dichloromethane, HMPA and triethylamine, 

distillation from granular calcium hydride; for methanol, distillation from iodine-activated 

magnesium turnings; for dimethylformamide, distillation at reduced pressure from 

activated SA molecular sieves (Laporte), and for acetic anhydride distillation from 

phosphorus pentoxide. The silica used for flash chromatography was Sorbsil C60,40-60 

mesh. 

Nuclear magnetic resonance spectra were recorded using either a JEOL FX90q (operating 

at 90 MHz for % and 22.5 MHz for or a JEOL GX270 (operating at 270 MHz for 
1 1T 

H and 67.5 MHz for C). All samples were run in chloroform-d, and unless otherwise 

stated the residual chloroform peak is used as the internal standard (values are given using 

the 5-scale, with values of 57.27 and 577.15 respectively being attributed to the standard 

for % and spectra). multiplicities were assigned using the well-known DEPT 

technique, with pulses of 90° and 135° being employed in each case; the multiplicities 

observed are recorded using the notation: s = singlet (quarternary carbon), d = doublet 

(methyne) t = triplet (methylene) and q = quartet (methyl). % multiplicities are recorded 

using the notation : s = singlet, d = doublet (etc), m = multiplet, br = broad. 

Infrared spectra were recorded using a Perkin-Elmer 1600 series FT-IR, and calibrated 

using an external polystyrene film. The notation used is ; s = strong, m = medium, w = 

weak, br = broad, with v (= very) being used as intensifier where appropriate. 
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6.2 PROCEDURES 

CYCLOADDmON OF DIETPfYT. ATODICARROXYLATE rDRAD^ ONTO DTRNF.*; 

r61. r71 AND PIPERYT.ENE - GENERAL PROCF.DTIRR 

Diene (l.Ommol) and DEAD (freshly distilled, 0.95mmol) were dissolved in 

dry benzene (5ml, for [7] and piperylene) or dry toluene (5ml, for [6]) and the resulting 

mixture refluxed until the deep orange colour of the dienophile had disappeared 

(24-48hrs). The resulting thick oils were then purified by fractional distillation to give the 

adducts as thick oils. 

[9] 

Yield = 81%; mixture of diastereoisomers (syn : anti of ca.3:2); bp = 100-120°C at 

0.05mm Hg 

IR (film,mixture of diastereoisomers) 2985m 1720sbr 1465m 1415s 1375s 1300sbr 

1175s 1115m 1075m 1060m 1025m 950w 895w 845w 775w 760w 

% NMR (360 MHz; CDClg, ay/i isomer) 1.20 (6H,t,7.1 Hz) 1.415 (3H,d,6.9 Hz) 3.75 

(3H,s) 4.17 (4H,m) 4.73 (2H,brs) 5.56 (lH,dd,10,1.5 Hz) 6.16 (IH.ddd,10,5,1.5 Hz) 

NMR (90 MHz; CDCl̂ , jy/z isomer) 169.l(s) 156.6(s) 135.7(d) 120.6(d) 63.0(t) 

62.5(t) 57.75(d) 52.8(q) 51.3(d) 18.0(q) 14.55(q) 

H NMR (360 MHz; CDCl̂ , a/ifz isomer) 1.20 (6H,t,7.1 Hz) 1.23 (3H,d,6.9 Hz) 3.75 

(3H,s) 4.17 (4H,m) 4.73 (2H,brs) 5.56 (lH,dd,10,1.5 Hz) 6.16 (lH,ddd,10,5,1.5 Hz) 

NMR (90 MHz; CDClg, anti isomer) 169.1(s) 156.6(s) 135.7(d) 120.6(d) 62.7(t) 

62.2(t) 57.75(d) 52.4(q) 51.3(d) 18.0(q) 15.3(q) 

[11] 

Yield = 85% ; mixture of diastereoisomers (syn : and of ca.3:2); bp = 110-120°C at 

O.ltorr 

IR (film): 3465mbr 2980m 2935m 2875w 1715sbr 1465m 1410s 1380s 1310s 1175s 

1135s 1115s 1095s 1060s 1040s 965w 895w 865w 835w 760m 735w 705w 

% NMR (360 MHz; CDCl̂ , jy/z isomer) 1.26 (3H,d,7 Hz) 1.27 (6H,t,7 Hz) 3.55 

(lH,m) 3.79 (IH.m) 4.11 (4H,m) 4.58 (2H,m) 5.44 (lH,d,10 Hz) 5.82 

1 
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(lH,ddd,10,4.5,2 Hz) 

% NMR (360 MHz; CDClg, anfi isomer) 1.27 (6H,t,7 Hz) 1.56 (3H,d,6 Hz) 3.55 

(lH,m) 3.79 (lH,m) 4.11 (4H,m) 4.58 (2H,m) 5.45 (lH,d,10 Hz) 5.68 (lH,dd,10,4 

Hz) 

NMR (90 MHz, CDClg, isomer) 156.7(s) 154.9(s) 64.2(t) 62.2(t) 61.9(t) 61.0 

(d) 49.9(d) 18.0(q) 14.5(q) 14.4(q) 

NMR (90 MHz, CDClg, anff isomer) 156.7(s) 154.9(s) 62.8(t) 62.2(t) 61.9(t) 61.0 

(d) 49.9(d) 20.5(q) 14.5(q) 14.4(q) 

[13] 

bp = 100-150''C at 0.3mm Hg 

IR (film) 3000m 2970m 2940w 1720sbr 

% NMR (90 MHz, CDClg) 1.25 (6H,t,7 Hz) 1.25 (3H,d,7 Hz) 3.725 (lH,m) 4.17 

(4H,t,7Hz) 4.62 (2H,m) 5.73 (2H,brs) 

NMR (22.5 MHz, CDClg) 155(s) 129.2(d) 122.2(d) 61.9(t) 61.7(t) 50.5(d) 42.7(t) 

18.15(q) 14.3(q) 

CYCLOADDmON OF f2.2.2')-TRICHLOROETHYL AZODICARBOXYLATE ONTO 

DIENES r61. r71. AND PIPERYLENE 

Diene (l.Ommol) was dissolved in benzene (dry, 10ml) and TEAD 

(0.95mmol) added slowly with stining at ambient temperature. The resulting mixture was 

stirred at room temperature ([7] and piperylene) or refluxed ([6]) until the bright yellow 

colour of the dienophile had disappeared (2-3hrs). Removal of the solvent at reduced 

pressure and then fractional distillation gave the desired products as clear glassy 

materials. 

[10] 

Yield = 95% (mixture of diastereoisomers, syn : anti of 3:2); bp = 240-250°C at O.Storr 

IR (film, mixture of syn and anti ) 2955m 2905w 2845w IVBOsbr 1650w 1430s 1345s 

1285s 1200s 1170s 1090s 1050s 910w 885m 810s 750s 720s 660w 570s 
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% NMR (270 MHz, CDClg, both diastereoisomers) 1.50(3H,d,7 Hz) 3.67 (3H,s) 4.56 

(lH,d,12 Hz) 4.65 (5H,m) 5.62 (lH,d,11.5 Hz) 6.15 (lh,dd,11.5,2 Hz) 

NMR (66.5 MHz, CDCl^, syn diastereoisomer) 168.l(s) 154.4(s) 153.4(s) 133.8 

(d) 120.2(d) 94.7(s) 75.9(t) 58.3(d) 52.9(q) 51.6(d) 17.7(q) 

NMR (66.5 MHz, CDClg, anti diastereoisomer) 168.l(s) 154.6(s) 153.4(s) 133.1 

(d) 120.7(d) 94.9(s) 75.7(d) 58.3(d) 52.9(q) 51.6(d) 17.7(q) 

[12] 

Yield = 98%; bp = 230-250°C at 0.15torr 

IR (film): 3500sbr 3-45m 2955s 2875m 1730sbr 1390s 1295s 1135s 950m 920m 865s 

720s 

% NMR (270 MHz, CDClg, both diastereoisomers) 1.33 (3H,d,7 Hz) 3.65 (lH,brs) 

3.90 (2H,m) 4.75 (6H,brm,) 5.58 (lH,dd,22,10 Hz) 

NMR (66.5 MHz, CDCl̂ , jyM isomer) 154.2(s) 152.8(s) 131.3(d) 124.5(d) 94.8 

(s) 75.2(t) 63.7(t) 61.6(d) 50.6(d) 18.4(q) 

NMR (66.5 MHz, CDClg, anfi isomer) 154.2(s) 152.8(s) 130.75(d) 125.1(d) 94.8 

(s) 75.5(t) 63.7(t) 60.55(d) 51.6(d) 18.8(q) 

[14] 

Yield = 96% (presumed racemic); bp = 200-210°C at 0.5mm Hg 

IR (Ghn) 3045w 2990m 2790m 2860w 1725sbr 1420sbr 1380m 1355m 1340m 1340s 

1290s 1215s 1115s 1090m 1050s 1020w 985w 935w 875w 810sbr 785m 745m 720s 

520s 

% NMR (90 MHz, CDCl^) 1.375(3H,d,7) 4.0 (2H,m) 4.75 (5H,m) 5.80(2H,s) 

NMR (22.5 MHz, CDCy 153.1(s) 129.0(d) 121.85(d) 95.0(s) 75.5(t) 51.35(d) 

43.1(t) 18.4(q) 

ADDUCTS BETWEEN [81 AND [61. CYCLOHEPTATRIENE AND PIPERYLENE -

GENERAL PROCEDURE 

4-phenyl-l,2,4-triazoline-3,5-dione ([8], PTAD, l.Ommol) was dissolved in 

dich lore me thane (5ml) at 0°C and diene (l.Ommol) added slowly until the strong red 
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coloiir()f die dierK)plWLk:tiad c()D3ple,el)r(Uschafjge<l TTie SK)Iverit\vaLsr,%i,cn/ed to gpu/e die 

product as a white amorphous solid. 

[15] 

Yield = 97% (EtOAc / hexanes) ; mp = 124-127°C 

IR (film): 1770m 1735m 1715s 1600w 1505m 1460s 1420m 1375m 1325w 1295m 

12:201111 IjkSm 1125w lCkSCh,/()85v/()6()vf 90:5vy 870w eKKknlASjim 7:Z5w (%)0rii()4f!m 

'H NMIl (270 IVIHz, (ZDCZI,) i.fig (3H,j,7 Hz) 3.65 (3H,s) 4.33 (IH.d) 5.()0 (lH,j,2 

Hz) 5.76 (lH,d,10 Hz) 5.90 (lH,dd,10.2 Hz) 7.3-7.5 (5H,m)] 

" c NMR (67.5 MHz, CDCI3) 167.2(s) 152.6(s) 152.0(s) 131.05(s) 130.6(d) 128.95 

(d) 128.1(d) 125.6(d) 117.65(d) 54.9(d) 53.0(q) 51.7(d) 19.25(q) 

[17] 

Yield = 95% (EtOAc / hexanes); mp = 134-136°C 

IR (Him): 2925s 2855s 1770m 1710brs 1505w 1455m 1425m 1365w 1320w 1285m 

1245W 1145m 1125m 1075m 995w 930w 885w 865w 765m 

H NMR (270 MHz, CDCl^) 1.40 (3H,t,6.5 Hz) 4.01 (lH,dd,I6,3 Hz) 4.27 (lH,d,16) 

4.57 (lH,m) 5.88 (2H,s) 7.3-7.5 (5H,m) 

C NMR (67.5 MHz, CDCy 153.1(s) 151.8(s) 13l.2(s) 129.1(d) 128.1 (d) 127.4(d) 

125.4(d) 119.6(d) 50.3(d) 43.5(t) 17.5(q) 

[26] 

Yield = 96% (EtOAc / hexanes); mp = 170-175°C (dec) 

IR (film): 1765m 1710sbr 1600w 1500m 1455m 1400s 1375m 1310w 1240m 1225w 

1135m 1075w 1050m 1025m 960m 920w 890vw 890vw 870m 820w 785w 770m 730m 

720m 690m 645m 630m 

H NMR (270 MHz, CDClg) 0.29 (lH,dt,6.5,4 Hz) 0.63 (lH,dt,6.5,7.5 Hz) 1.59 

(2H,m,) 5.19 (2H,m) 6.08 (2H,dd.4,4 Hz) 7.35 (lH,m) 7.43 (4H,m) 

NMR (67.5 MHz, CDCl^) 156.7(s) 131.5(s) 129.1(d) 128.2(d) 125.5(d) 125.2(d) 

56.7(d) 8.3(t) 6.2(d) 
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HYDROGENATION OF ABDUCTS riOl. n21 AND ri41-TYPICAT. PROrFDTTPP 

Adduct (3.329mmol) was dissolved in ethyl acetate (30ml) and 5mol% Pd on 

charcoal (lOOmg) added; the resulting suspension was flushed with hydmgen and then 

stirred vigorously under a slight excess pressure of hydrogen until uptake ceased (30-90 

minutes). The suspension was filtered and the filtrate concentrated to give the crude 

product, which was purified by fractional distillation at reduced pressure. 

[21] 

Yield = 93%; bp = 220-230°C at O.Ztoir 

IR (film): 2950s 2110w 1730 svbr 1200mwbr 920m 710s 655s 

H NMR (270 MHz, CDCI3) 1.35 (3H,d,6.5 Hz) 1.50 (2H,m) 1.82 (2H,m) 3.73 

(3H,s) 4.6 (4H,m) 4.85 (2H,m) 

[23] 

Yield = 92%; bp = 200-220°C at 0.5torr 

IR (film): 2960m 2860ww 1760sbr 1455m 1420sbr 1360m 1325m 1300s 1260s 1205s 

1190m 1160m 1120s 1060m 960w 840m 810m 790m 

% NMR (90 MHz, CDCl̂ ) 1.30 (3H,d,7 Hz) 1.60 (2H,m) 3.15 (2H,brm) 4.25 

(lH,brm) 4.75 (4H,m) 

CHAPTER 4 

PROTECTING GROT TP PXCHANGF/ fn [/tOl 

Adduct [17] (524mg, 2.154mmol) was dissolved in ethanol-benzene (20ml, 

1:1) and the resulting solution thoroughly flushed with nitrogen. Hydrazine hydrate 

(100%, 0.15ml, 155mg, 3.08mmol) was added at 0°C and the reaction mixture gently 

warmed to reflux, at which it was maintained for 90 minutes. Cooling to 25°C followed 

by addition of benzyl chlorofomiate (1.50ml, 1.71g, lO.Ommol) and then pydridine 

(1ml, 12.3mmol) gave a white ppt. Removal of the solvent and replacement with 
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dichloromethane (30ml) gave a fine suspension; the insoluble material was removed by 

filtration and the filtrate concentrated to give a thin yellow oil. The crude product was 

purified by flash chromatography (silica, ether-light petroleum 1:1) to give the product 

[42] (mp = 68-70°C (ethanol), 729mg, 1.990mmol, 92%). 

IR (nujol) 3450m 3380m 3310m 3240m 3035m 1770s 1705sbr 1585mbr 1535m 1500s 

1455s 1420s 1380s 1280sbr 1245s 

NMR (270 MHz, CDClg) 1.33 (3H,d,6.5 Hz) 3.93 (lH,d,6.8 Hz) 4.20 (lH,d,6.8 

Hz) 4.48(lH,m) 5.07 (4H,s) 5.81 (2H,s) 7.25 (6H,m) 7.41 (4H,m) 

NMR (67.5 MHz, CDCl̂ ) 153.1(s) 151.8(s) 135.6(s) 131.2(s) 129.2(d) 128.65(d) 

128.5(d) 128.3(d) 128.2(d) 127.5(d) 125.5(d) 119.6(d) 67.9(t) 50.4(d) 43.5(t) 17.6(q) 

CHAPTER 5 

HYDROXY DI-ISOPROPYL ACETAL [471 

Phosphonium salt^^ (6.37Ig, 12.70mmol, 3.06eqv, dried twice in flask by 

azeotropic distillation with dry benzene at reduced pressure) was suspended in 

THF-toluene (120ml, 1:3) under a nitrogen atmosphere. A solution of sodium bis 

-trimethylsilylamide in THF (l.OM, 11.70ml, 11.70mmol) was added slowly with 

stirring at 0°C over a period of ca.5 minutes, and the resulting solution allowed to stir for 

2 hrs at 25°C. After cooling to -100°C a solution of crude hydroxy acetal [45] (freshly 

prepared from 4.14mmol of [44] using the procedure given below) in THF (10ml) was 

added and the resulting mixture allowed to warm to 25°C over 4 hrs. Sat. aqueous 

ammonium chloride (15ml) was added to destroy excess ylid, followed by diethyl ether 

(100ml). The organic phase was separated and the aqueous extracted with more ether 

(2x50ml). The combined extracts were washed with sat. aqueous sodium chloride, dried 

(MgSO^) and concentrated to give a thick oil. The crude product was purified by flash 

chromatography (silica, ether-light petroleum 1:1) to give the pure product (740mg, 
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2.864mmol, 70% from [44]). 

IR (Film) 3410mbr 2970s 2930s 2860s 1465w 1380m 1330m 1230w 1180m 1125s 

1030VS 880w 810w 

% NMR (270MHz) 1.13 (6H,d,6 HZ) 1.18 (6H,d, 6Hz) 1.35 (4H,m) 1.55 (2H,tt,7,7 

Hz) 1.80 (lH,brs) 2.04 (2H,m) 2.32 (2H,dd,6,6 Hz) 3.61 (2H,t,6.5 Hz) 3.85 

(2H,sept,6 Hz) 4.52 (lH,t,5.8 Hz) 5.41 (2H,m) 

homodecoupling gives Jcc(alkene) as 10.8 Hz. 

NMR (67.5 MHz, CDCl) 131.9(d) 124.5(d) 100.1(d) 67.9(d) 62.7(t)33.8(t) 

32.7(t) 29.4(t) 27.5(t) 25.5(t) 23.4(q) 22.6(q) 

MEM-PROTECnON OF [441 

Hydroxy - acetal [44] (764mg, 4.709mmol) was dissolved in THF (dry, 

20ml) and a solution of n-butyllithium in hexanes (2.5M, 1.90ml, 4.75mmol) added 

dropwise at 0°C under an inert atmosphere. MEM-chloride (0.650ml, 709mg, 

5.693mmol, 1.2eq) was added and the resulting solution stirred at 0°C for 1 hour and 

then 25°C for 3 hrs. Dilution with ether (50ml) and sat. aqueous sodium bicarbonate 

(20ml), followed by separation of the organic phase, re-extraction of the aqueous with 

further ether (2x40ml) and then combination, washing (10ml sat. aqueous sodium 

chloride), drying (MgSO^) and concentration of the organic layers gave the crude product 

as a thin oil. The crude product was purified by flash chromatography (silica, ether-light 

petroleum 1:1) giving a thin colourless oil (100-120°C at O.ltorr, 1.067g, 4.262mmol, 

90.5%). 

IR (film) 2940m 2880m 1460w 1385w 1130sbr 1050sbr 850w 

% NMR (270 MHz, CDCl̂ ) 1.33 (4H,m) 1.55 (4H,m) 3.26 (6H,s) 3.35(3H,s) 3.52 

(4H,m) 3.63 (2H,m) 4.31 (lH,t,6 Hz) 4.66 (2H,s) 

NMR (67.5 MHz, CDCl̂ ) 104.3(d) 95.2(d) 71.7(t) 67.5(t) 66.5(t) 58.5(q) 52.2(q) 

32.3(t) 29.4(t)25.8(t) 24.1(t) 
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REDUCnON OF r431 TO HYDROXY ACETAL [441 

Grade ester-aldehyde [43] (ca.90% pure, 7.6l0g, 40.10mmol) was dissolved 

in anhydrous THF (30ml) and added dropwise to a stirred suspension of LiAlH^ 

(2.277g, 60.1mmol) in THF (120ml) at -20°C over a period of 10 minutes. The reaction 

mixture was allowed to warm to 25°C over 1 hr and then quenched by the sequential 

addition of water (2.5ml), 2M aqueous sodium hydroxide solution (7.5ml) and then more 

water (7.5ml). The resulting suspension was stirred until all the excess LiAlH^ has been 

consumed and then filtered, the solid being washed with further THF (2x50ml). The 

solvent was removed from the combined filtrates to give the crude product as a thin 

yellow oil. The crude product was purified by flash chromatography (silica, diethyl 

ether-light petroleum 4:1) to give the product [44] (120-140°C at O.ltoix, bulb to bulb, 

5.221g, 32.2mmol, 89%). 

IR (film) 3415brs 2940s 2860s 1460m 1385m 1370m 1190m 1130s 1055brs 915m 

% NMR (90 MHz, CDClg) 1.26 (8H,m) 3.15 (6H,s) 3.40 (2H,t,6.5 Hz) 4.20 

(lH,t,5.8 Hz) 

NMR (22.5 MHz, CDCl̂ ) 104.6(d) 62.1(t) 52.4(q) 32.5(t) 25.5(t) 24.2(t) 

SILYLATION OF HYDROXY-ACETAL [441 TO GIVE [601 

Hydroxy acetal [44] (2.379g, 14.294mmol) was added slowly to a solution 

of TBDMS-chloride (2.876g, 19.08mmol) and imidazole (1.491g, 21.901mmol, 1.53eq) 

in dry DMF (40ml) at 25®C. The resulting reaction mixture was stirred for 30 min at 25°C 

and then poured into water (100ml) and the solution extracted with ether (3x150ml); the 

ethereal extracts were washed with water (150ml) and saturated brine (100ml), dried 

(MgSO^) and concentrated to give a thin oil. The crude product was purified by flash 

chromatography (silica, ether-light petroleum 19:1) to give the silyl acetal [61] 

(1G0-120°C / 0.2torr, bulb to bulb, 2.806g, lO.lSmmol, 71%) 

IR (film) 2930(s) 2860(m) 1465(w) 1385(w) 1360(w) 1255(m) llOO(s) 1075 (m) 835(s) 

775(m) 
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1 
H NMR (90 MHz, CDCl^) 0.05 (6H,s) 0.88 (9H,s) 1.4 (8H,mbr) 3.30 (6H,s) 3.60 

(2H,t,6.7 Hz) 4.35 Hz) 

NMR (22.5 MHz, CDCl^) 104.9(d) 63.3 (t) 52.8 (q) 33.0(t) 26.1(q) 25.9(t) 24.6(t) 

-5.1(q) 

HYDROLYSIS OF HYnROXY-ACRTAL [441 TO r4Sl 

Hydroxy acetal (310mg, 1.910mmol) was dissolved in THF (20ml) and 

pTsOH (O.IM aqueous, 3ml, 0.3mmol) added. The resulting solution was refluxed 

gently for 3 hrs, cooled and diluted with Hght petroleum (50ml). The organic phase was 

separated and the aqueous extracted with diethyl ether (2x30mi). The combined extracts 

were washed with water (10ml) and sat. aqueous sodium chloride (2x10ml), dried 

(MgSO^) and concentrated to give a colourless oil.This was further dried by azeotropic 

distillation with anhydrous benzene at reduced pressure before being used for further 

steps. 

An analytical sample of the crude product was purified by flash chromatography (silica, 

diethyl ether) to give die pure [45] in an extrapolated 96% yield. 

REACTION OF YLTD [491 WTTR BUTYR AT.DEHYDE IN THF / HMPA 

Phosphonium salt [51] (852mg, 2.05mmol) was suspended in THF / HMPA 

(4nil, 2:1) under nitrogen and a solution of sodium bis- trimethylsilyl amide in THF 

(l.OM, 4.0ml, 4.0mmol) added over 5 minutes at 25°C. The resulting slurry was stirred 

at 25° for 1 hr and then cooled to -100°C; butyraldehyde (810)11, 66.2mg, 9l5p.mol) was 

added and the reaction mixture allowed to warm to 0°C over 3-4 hrs. Sat. aqueous 

ammonium chloride (5ml) was added to destroy excess ylid; the resulting solution was 

acidified to pH2 using 2M HCl and then extracted with diethyl ether (3x30ml). The 

combined extracts were washed with water (5ml) and brine (2x5ml), dried (MgSO^) and 

concentrated to give an oil. This was redissolved in ether (30ml) and esterifed at 0°C 

using fireshly distilled ethereal diazomethane; excess diazomethane was destroyed with 
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acetic acid and the resulting ethereal solution washed with sat. aqueous sodium 

bicarbonate (5ml), dried (MgSO^) and concentrated to give an oU. The crude product was 

imrifksd b]/chuTxaiatogrnipliy (sUicik ê ixsr̂ KgrhtjSctroleiica l:3())t()irive the pmadiict 

[55] (108mg, 759|imol, 84%). 

IR (film) 3025W 2960s 2930s 2870w 1745s 1460m 1435s 1330m 1255m 1195m 1165s 

Ifl NNCEl (9()]VIH2:, (:i)(:i2) 0.812 (3]HL,t,6 Hz:) 1.17 (:ZH,n]) l.SK) (213;,rnt) ZU) (2I3,cL() 

Hz) 3.6 (3H,s) 5.45 (2H,m) 

C NMR (22.5 MHz, CDCl^) 133.3(d) 121.1(d) 51.7(q) 32.9(t) 29.5(t) 22.6(t) 13.7(q) 
13 

ISOLATION OF m i 

IPtuosplioiihim salt B51] (93(hiig, SUCbiunol) was djss()h/e(lin\vaLte;r(:%}[nl) and 

sodium bicarbonate (,2.0mmol) added carefully with stirring. The resulting soltuion was 

extracted continuously with 200ml chloroform for Shrs, and the extract dried (sodium 

sulphate) and concentrated, to give the hydrated oxa-phosphorane [53]. 

IR (nujol); 3385mvbr 2925s 1590s 1460s 1440s 1375s 1305m 1190w 1130w 1110m 

1020w 

% NMR (90 MHz, CDCl^) 2.52 (2H,m) 3.53 (2H,m) 7.62 (12H,pseudo-t) 7.72 

(3H,m) 

C NMR (67.5 MHz, C D C l ^ ) 172.6(d,Jccc3>=14 Hz) 135.0(dd,Jccccp=3 Hz) 133.3(dd, 

Jcccp=10 Hz) 130.4(dd, Jccp=12 Hz) 118.9(d, Jcp=86 Hz) 29.7(t) 20.35(dt, Jcp=51 

Hz) 
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