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NEW SYNTHETIC METHODS IN AN APPROACH TO TAXININE 
by Roger Victor Bonnert

ABSTRACT
A series of studies were undertaken directed towards the synthesis of 
taxinine. As part of these studies the need arose for a stepwise 
synthesis of a highly substituted butadiene fron an aldehyde. The 
initial approach used the Peterson elimination to control the regio- 
chemistry in the formation of tri- and tetra-substituted dienes.
The generality of this method appeared to be hampered by the basicity 
of 2 -lithio-2 -trimethylsilyl propane, which was required to undergo 
nucleophilic attack at an aldehyde.

A study of the Diels-Alder reactions of a 3 - alkyl -2,4 -penta -1,3 -diene 
and a 3-alkyl-4-methyl-penta-1,3-diene showed the former to react 
more efficiently. A deuterium labelling experiment eliminated the 
degeneracy of this diene in a 1 ,5-hydrogen shift as a reason for its 
increased reactivity.
A more reliable route to the preparation of highly substituted buta
dienes was attained using the highly nucleophilic 2 -lithio-2 -phenyl- 
seleno-propane reagent. This route was used to prepare a triene 
system which underwent an intramolecular Diels-Alder reaction to 
enable the preparation of the taxane model conpound 8,12,15,15-tetra- 
methyltricyclo [9.3.1 . 0  ] pentadec-1 1 -en- 2 -one vhich has the same
stereochemistry and methyl group substitution as the naturally 
occurring taxanes.
Attempts were then made to prepare taxinine using a carbohydrate 
derivative. A key step in the route to taxinine involved a Robinson 
annulation of a carbohydrate derived ketone. Alkylations of a 
carbohydrate derived enolate were studied initially. The Robinson 
annulation was then carried out using 3-trimethylsilyl-3-buten-2-ol 
and the enolate derived from methyl 4,6-0-benzylidene-3-deoxy-3-C- 
methyl-a-D-arabino-hexapyranosid-2-ulose.
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1.1 INTHX)UCTION
Taxine is the name used for the amorphous basic ccmpounds contained 

in the European, Taxus baccata and Japanese, Taxus cuspidata yew trees, 
as well as other related species, Taxaceae^ and are responsible for the 
poisonous properties of the yew tree. The product that has been isolated 
fron these trees consists of two principal components; 0 -cinnamoyl- 
taxicin-I triacetate (1) and 0-cinnamoyItaxicin-II triacetate (taxinine)
(2) . They are both contained within the plant as esters of g-dimethyl-

OAc OAc

0

OAc

Ph

( 1 ) R =0H 
1 2 )  R =H

2amino-g-phenylpropionic acid. Me2NCH(Ph)-Œ 2CO2H , but are converted
3to cinnamates by loss of dimethylamine during isolation.

Many compounds that contain the taxane skeleton have now been
4isolated and identified. Some of the more conplex derivatives, taxol

(3)^ and cephalomannine (4)® show antileukaonic and tumour inhibitory
OAc 0  ftu

0 ^  0 \

OH Î Acd 
OBz 

( 3 ) R = Ph 
( 4 I R = CCH, = CHCH,

properties.® Taxol (3) is currently undergoing clinical trials as an
yanticancer chemotherapeutic agent in America and France. This biological 

activity has spurred on an ever increasing effort to provide the total
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synthesis of naturally occurring taxines and new structural analogues 
for furtlier biological testing. Despite this effort none of the 
natural taxines have yet been synthesised.

1.2 NOMENCLATURE
The literature, prior to 1964, contains a variety of numbering 

systens for tlie taxane derivatives.̂  In 1964, three laboratories 
reccnmended the name taxane for a nucleus (5) and numbered the framework 
accordingly.® In 1969, however, a different niinbering scheme for the

Î0

( 5 )

metliyl groups was introduced which resulted in both systems then being 
used. In 1978 lUPAC recctrniended the numbering system shown for the

gtaxane skeleton (6 ).
19

70

I 6 I

The numbering and naming systens used in this text, for all ccnpounds 
are, as far as possible, in accordance witli lUPAC (1978) recannendations.^^

1.3 ISOLATION OF O-CINNAMOYLTAXICIN-I TRIACETATE (1) AND TAXININE (2) 
Typical extraction methods that were anployed, involved soaking the

4dried yew leaves in sulphuric acid for seven days. The acid solution
3obtained was then basified and extracted with etlier. Winterstein and 

Latrides^^ showed that taxines were present in the plant as esters of
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3-dinieÜiylamino-3-phenylpropionic acid (Winterstein acid). The 
instability of this ester was attributed to be the reason for sane of 
the early difficulties in tlie isolation.Both English^^ and 
Japanese^ ̂ groups chose to eliminate dimetliylamine frcm the Winterstein 
ester to produce the corresponding cinnamate esters. Treatment of 
taxine- 1 (7) witli methyl iodide produced "taxine methiodide" which 
could tlien be reacted witli aqueous potassium carbonate to yield

3
0 -cinnamoyItaxicin-I (8 ).

MO OH OH OH

NMe, ^

OH

2) KgCOg aq.
Ph /  A II ' - ^ ^ P h

I 8 )

The cinnamates were usually then reacted under Zemplen methanolysis 
conditions'^ which removed the acetate groups but left the cinnamate 
esters unaffected. 0 -cinnamoyltaxicin-I (8 ) could then be separated 
directly by crystallisation. The mother liquor was then re-acetylated 
and 0 -cinnamoyItaxicin-I triacetate (1 ) and taxinine (2 ) separated out 
by chrcmatography.̂  Frcm 10 Kg of dried yew clippings, using the above 
extraction technique, it was possible to isolate approximately 40g of 
crude taxine. Separation of the crude taxine then produced 7.7g of 
0-cinnamoyltaxicin I (8 ), 4.4g of its triacetate (1) and 1.9g of 
taxinine (2 )

The vigorous conditions used in tlie isolation procedure have meant 
that taxine-I and taxine-II have only been isolated as their derivatives. 
Much milder extraction procedures have been used to isolate many of the 
more ccmplex taxines. Taxol (3), for example, was obtained by alcohol 
extraction of bark frcm the western yew, Taxus brevifolia and then
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purified by successive cliranatography and crystallisation.

1.4 STRUCTURE DETERMINATION OF TAXININE (2)
Ever since the taxines were first isolated by L u c a s i n  1856 the

majority of the early literature concerned their structure determination,

The major product isolated fron the British yew, Taxus baccata, was
0-cinnamoy Itaxicin-1 (8 ) and because of this the British groups tended
to concentrate on this compound, wiiereas the major product frcm the
Japanese yew, Taxus cuspidata, was taxinine (2) and consequently the

1 2Japanese work was centred around this compound.
The molecular formulae for O-cinnamoyItaxicin-1 (8 ) and taxinine (2)

12

13 17were established as C 2 9 H 3 6O 7 and € 3 5 ^ ^ 2 0 9  respectively. The
majority of the functional groups were determined by chemical means
Initial studies on 0-cinnamoyItaxicin-I (8 ) showed that it contained

13four hydroxyl groups, an isolated metliylene and an enone group. One 
of the important chemical reactions of (8 ) was periodate oxidation

18which gave two fragments (9) and (10) . The structures of the two 
fragments were determined by both chemical and spectroscopic means.

°CHO

19

HO OH

0

HO
OH

Naiq. ̂
A

( 9 )
Ph

(8 )

0
Ph

( 10 )
It soon became apparent that 0 -cinnamoy Itaxicin-1 triacetate (1) and 

taxinine (2) were structurally related. The best evidence for the 
similarity in structure and stereochemistry was illustrated by the
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proton n.m.r., Figure 1, of oxonortaxicin-II tetra-acetate (11) and
20oxonortaxicin-I tetra-acetate (12). The n.m.r. not only shows the 

similarities but also illustrates sane differences in the C-1, C-2 and 
C-14 positions.

Chemical studies of taxinine (2) shewed that it lacked the free

tertiary hydroxyl group which was present in the 0 -cinnamoyltaxicin-I 
21series. Methanolysis of taxinine (2) led to the formation of the 2- 

20monoacetate (13). Treatment of the monoacetate (13) with periodate 
gave the dialdehyde (14), Scheme 1. The n.m.r. spectnm showed the

aldehyde protons as singlets which implied that they were flanked by
20carbons bearing no hydrogens.

OAc OAc

NaOMe-►0

OAc

HO

0

OAc

MeOH
Ph T

( 2 ) , ( 1 3 )
I NalO^

OHC CHO

0

OAc

Ph

Scheme 1
( U  )

Hydrogenation of taxinine (2) using hydrogen over a platinum catalyst
20gave dihydrotaxicin-II g-cyclohexylpropionate triacetate (15). The 

enone double bond proved inert to hydrogenation (and oxidation) in a
3similar way to 0-cinnamoyItaxicin-I triacetate (1) . Treatment of 

taxinine (2 ) with one mole of hydrogen and a palladium catalyst led to 
the hydrogenation of the cinnamate double bond to yield dihydrotaxinine
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OAc OAc OAc OAc

0
OAc

OAc 

( 11 )

0
OAc

HO
OAc

( 12 )

OH
12

H(2)

o

H(P) H(9)
H(3)H(5)H(2)

3 1 046 5 27

F ig u r e  1
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(16). The exocyclic double bond could then be cleaved using osmium 
tetroxide to yield the corresponding diol which in turn could be reacted 
with lead tetraacetate to furnish the ketone (17) and formaldeliyde,

90Schone 2.

OAc OAc

0

OAc

OAc OAc

P l.H ,

Ph
0

OAc
( 2 ) (1 5

1 mol Hj 
Pd-C

OAc OAc OAc OAc

0

OAc OAc

0
Ph

( 16 ) ( 1 7  )
Scheme 2

Additional chemical evidence for the structure of taxinine (2) was 
demonstrated when tetrahydrotaxinine (18) was oxidised using selenium 
dioxide to provide the a diketone (19) . The proton n.m.r. showed a 
proton corresponding to H-1 as a doublet at 62.88. Baeyer-Villiger 
oxidation of (19) produced the anhydride (20) . Treatment of (20) with 
potassium acetate and acetic anhydride furnished the anhydride (2 1 ) 
which on reaction with acid then gave the dicarboxylic acid (2 2 ), 
Scheme 3.^^

The final piece of chemical evidence for the structure of taxinine
(2 ) was the treatment of the 2-monoacetate (13) with alkali to provide

anliydrotaxininol (23). 22
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OAc OAc

0

OAc
( 18 )

OAc OAc OAc OAc

Ac,0

OAc 
( 20 )

OAc

OAc OAc

KOAc

0
( 21 )

R =COCHjCH,Ph

OR

Scheme 3

OAc OAc

>- HO,C
H0,[

( 22 )

OH OH

0

OAc

( 13 )

“OH

OHC OHPh

I 23 )

The stereocliemistry of taxinine (2) was originally inferred frcm
the œupling œnstants in the proton n.m.r. but this led to the wrong

23configuration being assigned at C-3, C-9 and C-10. The relative 
configuration of taxinine (2) was later confirmed by X-ray analysis of 
14-brcmotaxinol (24).^^

0

OAc

( 2 I

Ph

OAc OAc

0
OAc

OAc

24
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1.5 BIOSYWniESIS
The taxane skeleton is a di terpenoid compound and, as all terpenes,

originates frcm mevalonic acid (25) which is itself derived from three
25molecules of acetyl-CoA. In the biosynthesis of terpenes the 

mevalonic acid (25) is converted to isopentenyl pyrophosphate (IPP) (26)
HO .Me OH Mg

3CH,C0SCoA
2ATP

HO,C CHjOH
( 25)

A T P

®  0  } Me

0®®

0®®

" V _ o ® ®
( 26)

Scheme 4

25by phosphorylation wit±i ATP followed by decarboxylation, Schene 4.
IPP (26) is readily iscmerised to dimethylallyl pyrophosphate (DMAPP) 
(27) ,

o(D0

000
( 26 I ( 2 7  )

IPP (26) and DMAPP (27) can now be joined togetlier in a head-to-tail
fashion to form trans-geranyl pyrophosphate (28); the pyrophosphate
group remaining on (28) enables furtlier alkylation with IPP (26) so
extending the chain in C 5 units, Schene 5.^^

The C 20 taxane skeleton is therefore derived frcm geranylgeranyl
pyrophosphate (GGPP) (29) . A sequence such as that outlined in Schene
6 has been proposed for the cyclisation of GGPP (29) to the taxane 

26skeleton (31). Verticillene (30) is the putative biogenetic precursor
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0(E) (E)

H

( 26 )

Scheme 5

0(E)®
I 28 I

Cio monoferpenes 

sesquiterpenes 

CgQ di terpenes

0(E) (E)

CgQ geranylgeranyl pyrophosphate 
( 29)

(o(E)©
( 29 I 

H +

CH,-H
(30) (31)

Scheme 6

of tlie taxane group.However, it has been found that verticillene 
(30) failed to undergo cyclisation ^  vitro to the corresponding taxane 
ring. Treatment of the epoxide (32) with boron trifluoride etherate
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failed to produce any of tlie tricyclic alcohol (33) but gave the
28allylie alcohol (34).

( 3 2  )

Whilst this does not disprove the involvement
OH

1'BF,OEt3'̂ *-'2
OH

( 3 4 )

of verticillene (30) in the biosynthesis of the taxines, it does 
suggest a more subtle process.

The considerable modification of the carbon framewark (31) required 
to prepare any of the naturally occurring taxines, is thought to occur 
by oxidation of tliis skeleton.

1.6 BIOLOGICAL ACTIVITY
Two of tlie more ccmplex taxines isolated, taxol (3)^ and cephalo

mannine (4)^ have been shown to possess antileukaenic and tumour 
inliibitory properties. This biological activity has invoked a consider-

Ph
OAc 0

OH : Acd OBz
( B ) R = Ph 
I 4 ) RrCCHgsCHCH,

able amount of interest in determining the mechanism for the action of 
taxol (3) and tlie functionality responsible for this activity.

— 11“



Taxol (3) was shown to inhibit cell replication in HeLa cells
30mainly in the mitotic phase of the cell cycle. This activity has

31been related to the vitro interaction with microtubule proteins.
Microtubules are important carponents of eukaryotic cells and are
thought to be involved in a number of cellular functions including

chrcmoscme movement, regulation of cell form and anchorage of surface
29receptors in the plasma manbrane. Whilst other plant alkaloids, 

like vinblastine and colchicine prevent the assanbly of tubulin, taxol
(3) promotes the assembly of microtubules and inhibits the depolymerisa-

ytion of tubulin. This unique feature of taxol (3) has alone made it 
an important aid for studying the structure and function of micro- 

tubules.^^
Preparation and use of tritium labelled taxol have shown that the 

drug binds specifically and reversibly to assonbled microtubules
32in vitro and that one mole of taxol binds to one mole of tubulin dimer.

It has also been shown that taxol specifically effects the tubulin-
microtubule systan and does not bind to DNA or influence actin 

33polymerisation. Research is continuing to determine the precise
mechanian of the action of taxol (3) in cells.

Although taxol (3) is currently undergoing clinical trials, its use
in humans is severely hampered because of its insolubility in an 

32aqueous medium. In connection with this, information about the
chanical structure of the drug which relates to its biological activity
has been sought. This knowledge is also of use to a synthetic chanist
when trying to develop a synthetic alternative to taxol (3).

Figure 2 shows seme of the naturally occurring taxines and seme
32sanisynthetic derivatives that have been studied. For each cempound 

the cytotoxicity and the ability to premote microtubule assembly in vitro

— 12 —
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32were examined, the results being shown in Table 1.
Experiments have indicated that both an intact taxane ring and an

ester side chain at position C-13 are required for cytotoxicity.
Changing the acetate at C-10 and the N-acyl substituent appear to have

little effect on the activity. One of the key functional groups
responsible for the ability of taxol (3) to cause microtubule assanbly
appears to be the hydroxyl function at C-2'.^^ This can be deduced fran
the fact that 2'-acetyltaxol (37) and 2',7-diacetyltaxol (36) do not
promote microtubule assanbly. However, in derivatives where the C-2'
hydroxyl is free, a similar type of activity to taxol (3) is observed.

32Fran these studies it is also apparent that the free hydroxyl at C-7
is not required for ^  vitro activity. The hydroxyl at C-7 could there-

32fore be used to attach a hydrophilic group to improve solubility. The 
potential of taxol (3) in cancer therapy has yet to be fully investigated 
and the results of further experimentation and clinical trials are 
eagerly awaited.

1.7 SYNTHETIC APPROACHES
Since 1980 there has been an ever increasing number of publications

35attempting the synthesis of the taxane series. Despite the diversity 
of the approaches, none have yet succeeded in the total synthesis of a 
naturally occurring taxine. Due to the number of papers that have 
appeared only those that have completed the basic tricyclic skeleton are 
reviewed here.

The first synthesis to meet this criterion was reported by Shea and 
Davis in 1983. The key step involved an intramolecular Diels-Alder 
reaction of the trienone (43) to produce the C-aromatic taxane skeleton 
(44) The trienone (43) was prepared as outlined in Scheme 7. The

-15-



alcohol (45) was converted to the chloride (46) and reacted with the
Grignard (47) to yield the diene (48) . The dienophile moiety of the
trienone (43) was then introduced by metallation of (48) with n-butyl-
litliium follcwed by reaction with acrolein to provide the allylic
alcohol (49) . Oxidation of (49) furnished the trienone (43) which when
heated to 155°C for 93h underwent cyclisation to form the tricyclic 

36 Subsequently it was reported tliat the cyclisation could
37

ketone (44).
be achieved using Lewis acid catalysis under milder conditions.

Br 

.MgBrLiCl
DMF

( 45 )

Cl

0\\

1) BuLi PDC A,155°Ĉ  
93 h

0
( 4 4 )  

Scheme 7

Work carried out in this laboratory also made use of an intramole-
38cular DieIs-Alder reaction to produce the taxane skeleton (50). This 

approacli is particularly relevant as the subject of this text is a 
continuation of this work. The trienone (51) was constructed according
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to Scheme 8.38

.X )

1) 0 ,
2) CH;N;

MeO,C

)) 01 BAH

1) NaOEl 
-10*C,12h

2) KOH, H ,0

2) M ç jS iC H jM g C I M e ,S I

0

1) N H jd )
Li, THF

2) MegSiCl 
EI,N Me,SiO_ X D

( 53 )

1) <^MgBr 
-78'C

2) B u ’ M ejS iO SO jC F, 

2,6- lulidine

MeO^C

OSiMe,Bu
( 55 )

DCrO,. 
pyridine 
CH,Cl,

^  OSiMe,Bu^ 
{ 56 )

MgBr Me.Si

H
( 5 2 )

OSiMe,Bû

CHjCOaH
CHaCOjNa

y ~v ■ h HF, HjO
^  CH,CN

CrO,>*xy 2)
// \ pyridine

OSiMe,Bu^ CH^CI,
( 50 ) ( 51 )

EljA IC I
CHXI

( 5 0  )

Scheme 8

The crucial trans stereochonistry of the decalin (52) was achieved 
by use of a lithium in amnonia reduction of the enone (53) using the 
method developed by Stork et a^. Ozonolysis of the enol ether (52) 
led to cleavage of the double bond and treatment with diazcmethane gave 
tlie ester aldehyde (54) . By performing tlie reaction of (54) with vinyl

-17-



Grignard at low temperature it was possible to react the aldehyde 
functionality in preference to the ester to produce the corresponding 
allylic alcohol. The alcohol functionality was then protected with a 
t-butyldiinetliylsilyl group to yield the ester (55) . DIBAII reduction of 
tlie ester (55) gave the aldehyde which could then be reacted with tri- 
metliylsilylmethylmagnesiuni chloride to furnish the hydroxy silane (56) . 
Ccureful Collins oxidation^^ provided the g-keto silane which was treated 
with vinylmagnesium bromide to yield the g-hydroxy silane (57). Peterson 
elimination^^ of the hydroxy silane (57) then produced the triene (58)

The dienophile part of the molecule was then activated by deprotection
of tlie alcohol functionality with hydrogen fluoride in acetonitrile
followed by oxidation to give the trienone (51). The intramolecular
Diels-Alder reaction was carried out using a Lewis acid catalyst to

38produce the tricyclic ketone (50), Scheme 8.
The relative stereochemistries of C-1, C-3 and C-8 were confirmed by 

X-ray analysis and are tlie same as for tlie taxane natural products. The 
rationalisation for tlie stereochemistry of the cyclisation can be 
represented by Figure 3, where the eight-monbered ring adopts the chair- 
boat conformation which is preferred over the alternative twist chair- 
boat conformation."^^

Figure 3

published by Holton^^ to produce the
tricyclic alcohol (59) . Ihe sequence is outlined in Scheme 9 and used
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(3-patchouline oxide (60) as the starting material. The first important
step in tlie synthesis involved the rearranganent of the alcohol (61) to
form tlie A and B rings of the taxane skeleton. Treatment of the ketone

44(62) witli brcmanagnesium di-isopropylamide (BMDA) , TMS chloride and 
tr ie thy lamine gave exclusively the more substituted enol ether. The 
enolate could be regenerated by reaction with methyllithium and then 
reacted with 3-trimethylsily 1-3-buten-2-one to yield the diketone (63). 
7\n intramolecular aldol condensation of (63) using BMDA then gave the

alcohol (59).43

( 60 ) ( 61 I

1)Bu COM
Ti(OPr')^
Me.S 

 : 1
2) CHgOCUjCl 

ElN(Pr’ )j
CHjClj

OH
/0 62 }

I) BMDA.ClSiMea 

 ►E(,N
2) Meli 

Me,Si
0

/

0 t»n

( 59 )

Scheme 9

This is probably one of tlie most advanced syntheses but the starting 
material (3-patchouline oxide) and possibly the rearrangement may not 
be very adaptable to the additional functionality that is required to

—  19  —



produce a complete syntliesis.
45A report by Neh et alj. used a photochenical [2+2] cycloaddition 

in the key step en route to forming the eight-membered ring. The enol 
benzoate (64) was prepared as outlined in Scheme 10 from cyclohexa-

CN

a

UKCN.Nh^CI 
DMF. H ,0

6 5  )

HOCHgCHgOh.
fr

t )  M eLi.-60'C
2) CM̂ N,
3) KM. A

1) KOH, MjO
A

2) DCCI
CHjClj

o a

ClCOjCHjPh 
CM,Cl
NaHCO,

. CHgCI

PhCH,0,C0 \ __ /PhCH,0,C0 

(66 )

2) KOH 
ElOH

0
I 67  )

Scheme 10

dienone (65). The [2+2] cycloaddition of (64) with cyclohexene was 

initiated by irradiation witli a mercury lamp to furnish the tetracyclic 
ketone (66) . Hydrogenolysis of the ketone (66) led to the formation of 
the corresponding alcohol which, upon treatment with ethanolic potassium 
hydroxide solution, underwent a retroaldol reaction to give the tri-
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cyclic dione (67).^^
Tills sequence provides a novel entry into the tricyclic taxane 

skeleton with a considerable amount of useful functionality in the A 
and B rings. However, tlie cis stereochemistry of the C ring junction 
is not tliat observed in tlie natural taxanes and the bridgehead double 

bond is absent.
46A similar approach was reported subsequently by Kojima et aĴ . The

formation of the eight-membered ring involved a [2+2] cycloaddition and
tlien cleavage of tlie resultant six-four ring system. The major differ-

45ence in tliis synthesis ccmpared to the other photochemical approach 
is tliat the [2+2] cycloaddition was Ccirried out intramolecularly.

0

( 6 9 )

PhSH
MOCHaCHaOH^ 

TsOH. 
benzene. A

O 1) NCS.CCU  ̂ / ST
2) KOH. ElOH \ ___

(68)

‘OH 
( 70 )
TsOH

benzene
//

0
( 71 )

1) Ru04
2) KOH,

HjO. DM50

hV >

( 7 2  )

COjH
( 7 3  )

Sclieme 11

The bicyclic dione (68) was prepared according to Scheme 11 frcm the 
a,3-unsaturated ketone (69).^^ Condensation of (68) with the allylic
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alcohol (70) produced the enol ether (71) as a mixture of epimers. The 
mixture was then irradiated with a mercury lamp to provide the cyclo- 
adduct (72). Only one isoner of the enol ether (71) was converted to 
(72) ; the other being recovered unchanged. A similar type of ring 
opening to that used previously^^ led to the tricyclic acid (73)

Whilst this synthesis provides a good method of producing the 
tricyclic framework with sane degree of functionality, it lacks the 

bridgehead double bond, the ganinal dimethyl group and has a cis fused 
C ring.

A synthesis of the ocmplete carbon framework of the taxanes was 
reported by Kende et al^^^ in 1986. The iitportant steps in this 
synthesis involved a directed aldol condensation between the acetal (74) 
and the silyl enol ether (75) to yield, after the elimination of water, 
the enones (76), Scheme 12. The enones (76) were formed as a 2:1 mixture 
of two Z and two E iscmers vhich had to be separated after their trans
formation to the diester (77). Hydrogenation of (77) initially gave the 
wrong stereochemistry at C-3 (taxane nimbering) but épimérisation gave 
a mixture of epimers in a ratio of 4:1 in favour of the desired isaner
(78). The formation of the eight-membered ring was achieved by a low

49valent titanium coupling reaction of the dialdehyde (79) to produce 
the triene (80) The fact that the allylic oxidation of the triene
(80) with chromium trioxide and 2,5-dlmethylpyrazole^^ gave the trienone
(81) proved interesting since this type of oxidation could later be 

applied to the tricyclic skeleton prepared in Chapter 3.

This sequence provides the first total synthesis of the taxane triene 
with the stereochemically correct carbon framework. However, the poor 
stereochemical control in the formation of the enone (76) must restrict 
the viability of this route for further expansion.
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CO,Me

♦

OSiMe

( 7*, )

1)r.ci4. -5o’c 
CHgCia ^

2) TsOH. 
benzene,
A

( 7 5

COgMe

( 7 6  )

1) Cat 050„
NMO Me^CO aq
NalO.   1 #

2) NaCIOg.
NHjSOjM

3) CM,N,.EtjO

( 77  )

1) Zn. CHjBrj 
TiCÎ .

2)DIBAM
3)(COO);, 
MejSO 
CH;Cl,

TiCl.

Zn-Cu.OME

( BO )

CrO
2,5-dim elhyl- 
Dvrazole ^ 0

H
( 8 1 )

Scheme 12
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CHAPTER 2
In itia l Studies in the Preparation 

of Highly Substituted Butadienes



The taxane model conpound (50) was prepared during previous work in 
Uiis laboratory. Whilst it contains the tricyclic skeleton, witli the 
correct stereochanistry at C-1, C-3 and C-8, it lacks the correct methyl 
group substitution found in the naturally occurring taxanes.̂  An 
obvious extension of this model would be to incorporate tliese methyl

OAc OAc

Ph

0

OAc

( 5 0 ) T ax in in e  ( 2 )

groups. Retrosyntlietic analysis of tlie methyl substituted model (82) 
suggested that it might be possible to prepare by an intramolecular 
Diels-Alder reaction of tlie trienone (83). Further disconnection of

H

( 8 2 )
OSIMe.Bu^

Sclieme 13

38(83) led to the known aldehyde (84) . One requiranent for this
synthesis was that tlie diene moiety of (83) could be constructed step-
wisely frcm tlie aldeliyde (84), Scheme 13.

51In work carried out by Warner and Le it was shown that it was
possible to prepare 3-substituted-2,4-dimethyl-1,3-pentadienes (85) of

51tlie type required, Schane 14. This transformation was, however, not 
considered suitable since it was thought that the conditions required 
to open the cyclopropane ring (86) were too severe for more complicated 
dienes. In addition, the conversion adds one carbon to the R-chain eind
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1. nBuLI. ^ 300 C.
-70®C^ 0 25 Torr

(86 )

2. RX.
-7B”C I -HB r

Scheme 14
38\MDuld, therefore, not be compatible with the existing route.

Unfortunately, no suitable alternatives exist in the literature for
die stepwise synthesis of highly substituted dienes frcm an aldehyde.
Seme early attempts to overccme this problem are set out below.

Initial studies were carried out using readily available coimercial
aldehydes as model compounds. It was thought that it might be possible
to prepare tJie required diene using a Wittig reaction on an a,B“
unsaturated ketone. Recently Danheiser et al.^^ reported the use of
metiiy 1 enetriplienyIphospliorane to prepare tlie 3-substituted diene (87), 

52

1 < ^ M g B r  9 Ph.P = CH,

H
(8 7  ) 

Schem elS

Scliane 16 shows the proposed route to the diene (88) using an
adaptation of the existing sequence. 3-PhenyIpropanal was reacted
witli 2-propenyImagnesium bromide, prepared from 2-propenyIbromide and
magnesium, to yield tlie corresponding allylic alcohol. The allylic
alcohol was then added in one portion to a Collins solution,prepared 

53in situ, at room temperature. After 5 minutes the solution was 
filtered tlirough a short silica column to remove the chromium residues. 

The product was purified by flash chromatography to provide the enone

Schane 15.
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(89) in 69% yield, Scheme 16. It was hoped that treatment of the

, %  
MgBr

2. CrO, 
pyridine

0
Ph

(8 9  )

PK
^  Ph

'(90)

(88 )

Ph/=/
( 9 0 )

0
Ph

Scheme 16
91 )

enone (89) with isopropyItriphenylphosphorane (90), generated frcm 
isopropyltriphenylphosphonium iodide and butyllitliium, would produce 
diene (88). However, tlie only products that could be isolated from the 
reaction were tlie cyclopropane (91) and triphenylphosphine.

The formation of tlie cyclopropane (91) presumably occurred frcm the 
1,4-addition of the phosphorane (90) to the enone (89), probably due 
to the increased steric bulk of both the enone and the ylid ccmpared to 
the literature exanple. The resulting enolate (92) then cyclised 
eliminating triphenylphosphine to furnish the cyclopropane (91),
Figure 4.

PhPh

( 89 )

PPh

Ph

PPh

( 9 2 )
(9 0 )

(9 1 )

F ig u re  4

It is well known that phosphorus ylids can undergo 1,4-addition to
54a,B~unsaturated esters, this fact being exploited in the synthesis
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of dirysanthemic acid.^*^ The 1,4-addition to ketones, however,
56ap[)ears less ccnmon and is restricted to highly hindered ketones.

An example is illustrated by the formation of cyclopropane (93) from 
the reaction of metliylenetriphenyIphosphorane and the a,3-unsaturated 
ketone (94).^^

Ph

W  \  Ph

( 9 4 )  ( 9 3 )

An alternative to the Wittig reaction in the construction of an
olefin could be a low valent titanium coupling reaction.
McMurry et al. has developed the use of active titaniim(O) to reductively
couple two carbonyl compounds to give an olefin. Low valent titanium
can also be anployed in tlie reduction of diols to o l e f i n s . T h e  active
titanium(0) is generated ^  situ from the reduction of titanium tri-

59chloride usually with litliium or potassium. The method is most useful
when two identical ketones are coupled, however, mixed couplings are
possible particularly if one ketone is used in e x c e s s . T h e  viability
of this method to prepare highly substituted olefins is illustrated by
tlie reaction of the enone (95) with am excess of acetone in the presence
of active titanium(0) to produce diene (96)

0
Tl

 ^a c e to n e

( 9 5 )  ( 9 6 )
The enone (89) and acetone, in a ratio of 1:4, were reacted with

titanium(0) according to tiie literature procedure.T.l.c. showed a large 

number of products of which only one could be isolated cleanly. The
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P h

(88 )

sLinjcture of tliis product was assigned to be tliat of the required 
diene (88) but the yield was very poor. The diene (88) was prepared

0

a c e to n e

( 8 9  )

sulisequently by an alternative procedure (Chapter 3) and had spectral 
characteristics identical to that prepared here. Despite repeating 
tlie reaction no improvonent in the yield was made so this method was 
abandoned and an alternative sought.

The elimination of water frcm an intermediate of type (97) led to a 
mixture of regioiscmersHowever, the elimination of water frcm an

OH

R - C H

( 9 7  I

-H,0 . . , ,
— -— ► m ix fu re  o f  iso m ers

intermediate of type (98) can only give one regioiscmer since the 
resulting carbonium ion is degenerate, Schane 17.

OH 

R

( 90  I

Scheme 17

It was thought tliat this type of intermediate might be prepared by 
a Friedel-Crafts acylation of an olefin®^ with acetylbrcmide followed 
by dehydrobrcmination and addition of methyl Grignard, Schane 18.

Decanal was reacted with isopropyltriphenylphosphorane (90), 
generated by treatment of isopropyItriphenyIphosphonium iodide with
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" x  ^
2 . -HBr

Scheme IB

bjtyllithiuni, to furnish the olefin (99) in 67% yield. Wlien the olefin

(99) was reacted with acetylhrcndde in tlie presence of tin(IV) bronide,^^ 
a mixture of three products was isolated. The first (46%) was thought 
to have arisen frcm the addition of hydrogen bromide across the double 
bond. Ihe otlier two products were a result of the required Friedel- 
Crafts reaction but were a mixture of regioiscmers in a ratio of 2:1.
The two products were difficult to separate by flash clircmatography and 
it was only possible to isolate the upper fraction pure. It would be 
predicted that the ketone (100) would be the major product since it is

OH

0

PhgP

H

B r

Br ^  (100)
(90) II 5nB% +

( 9 9 )

Scheme 19 0
1101)

formed via a tertiary carbonium ion whereas the ketone (101) is formed 
via a secondary carbonium ion. N.m.r. evidence also supports (100) 
being tlie major iscmer, on a chenical shift basis: H-3 of the ketone
(100) has an observed position of 63.06 and a predicted position of 

62.5. For isomer (101) tlie predicted position for II-4 is 64.1 and the 
observed 64.88. The poor regioselectivity and a seemingly unavoidable
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side reaction of Uie stcirting material led to the abandonment of this 
route.

An alternative idea witli the same type of intermediate in mind could 
be envisaged if it were possible to make tlie vinyl Grignard of tlie 
vinyl bromide (102) and add this to acetone, as shown in Scheme 20,

OH

') Br, Mg
r 
H

KOH

2 )-HB r 
MeOH

( 9 9 )  (1 0 2 )

Scheme 20

The vinyl bromide (102) was prepared by brcmination of the olefin
(99) witli bromine in carbon tetrachloride followed by dehydrobrcmination

62using potassium hydroxide in methanol. Despite all attempts at
activating tlie magnesium,including using magnesium formed by the

64reduction of magnesium chloride with potassium, no success was 
obtained in forming the Grignard of (102).

At tills point it was decided to adopt a different approach using 
silicon chemistry to direct the regiochemistry in the formation of the 
diene.
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<#>
CHRPTER 3

Synthesis and Diels-Alder Reactions 
of Highly Substituted Butadienes



3.1 lOTRQDUCnON
In order to avoid tlie poor regiochemistry that arises fran the 

deliydration of tlie species (97)^^ tlie inclusion of a group to control 
tlie direction of tlie elimination was necessary. Previous studies carried

OH

R

( 9 7  )

out in this l a b o r a t o r y h a v e  shown the viability of using the TMS 
group to control tlie regiochemistry in the synthesis of 2-substituted 
1,3-butadienes. Addition of trlmethylsilylmethylmagnesium chloride to 
decanal produced the (3-hydroxy silane (103) wliich was then carefully 

oxidised using a Collins solution,prepared ^  situ,^^ to yield the 
3-keto silane (104). Reaction of tliis 3-keto silane (104) with vinyl
magnesium bromide gave tlie 3-hydroxy silane (105) which upon treatment 
with acetic acid saturated with sodium acetate underwent a Peterson 
elimination^^ to provide the diene (106), Schane 21.^^'^^

SiMe,

Me,SiCH,MgCI

pyndfne
C H X I

SiMe

MgBr

HO

( 1 0 5 )

Scheme 21

Although the Peterson elimination has been used in the synthesis 
of l-trimetliylsilylbutadiene (107), Schane 22, and other 1-substituted
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67butadienes, Schane 23, the above appears to be the first example 

^

El,0 (1 0 7 )

Scheme 22

S iM e,
R

SiMe.

+

soct

Scheme 23

wiiere a TMS group caused double bond formation to take place in one 
arm of a branching carbon framework leading to a single diene.

In order to prepare the taxane model ccnpound (82) [Chapter 2, 
Scheme 13] it was necessary to extend the above diene synthesis to 
enable the preparation of a tetra-substituted butadiene of type (108)

R

0
( 8 2 )  (1 0 8 )

3.2 niE USE OF THE PEIEPSON ELIMINATION IN THE SYimiESIS OF HIGHLY 
SUBSTITUIED BUfADIENES
In order to extend tiie synthesis shown in Schane 21 to incorporate

tlie methyl group substitution of tlie diene (108) a 2-metallo-2-trimetliyl-
silylpropane (109) was required. A search of the literature revealed
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SiMe,

M
M = MgX or LiI

( 1 0 9 )

no references to the corresponding Grignard. However, the 2-lithio-2- 
trimetiiylsilylpropane (110) has been generated by reductive lithiation 
of the a-(phenylthio)silane (111) witJi lithium(dimethylamino)naphthal- 
enide (LDMAN). The a-lithiosilane (110) was then reacted witli cyclo-

68hexanecarboxaldeliyde to produce tlie g-hydroxy silane (112), Scheme 24.

SPh

SiMe,

LDMAN.

(Ill )

LI

S iM e.

(110) 
Scheme 2 4

1) C,Hh CHO^
2) H,0

HO
(112 )

2,2-Di( phenyl thio) propane (113) was prepared fran 2,2-dimetlioxy- 
propane and tliiophenol in the presence of hydrogen chloride gas 
according to the literature procedure.Treatment of 2,2 di(pheny1- 
thio)propane (113) witli LDMAN, generated fran lithium and dimethylamino- 
naphtlialene at between -45°C and -55°C for 3h, reductively cleaved the 
carbon-sulphur bond to afford the 2-11 tliio-2-tliiophenylpropane (114) , 
v̂ iich was tlien trapped with TMS chloride to yield the a (phenylthio) silane 
(111) , Scheme 25.^®

OMe
HCl

OMe PhSH

SPh
LDMAN \  MeaSiCl^ \

/  \ L i  / ^ S iSPh •45 -* *55
SPh 

S iM e ,

(113) (1 1 4 ) (1 1 1)
Scheme 25

a (PhenyItliio)silane (111) was treated with a further amount of LfMAN 
to produce alkyl lithium (110) vhich was then reacted with 3-pheny1-

-33-



propanai to provide, after vvork-up and flash diromatography, the g- 
hydroxy silane (115) in moderate yield (59%), Schane 26. Although the 
yield tended to vary sonewhat between 15% and 59% and the product 
always required careful purification. The reductive lithiation provided 
a means of obtaining tertiary a-lithiosilanes which are not generally 
available by deprotonation or other exchange procedures.^®

70By using a metliod previously described by Iludrlik and Peterson for
the oxidation of $-hydroxy silanes it was possible to oxidise the
hydroxy silane (115) without any desilation. If (115) was added to a

53preprepared solution of tlie Collins reagent, the deep red colouration

1) LDMAN  ̂ \  CrO)  ̂ \

2) PhCH,CH,CHO* pyrid ir»

* ' 0
(1 1 5 ) 1 1161

ClIjC I,

(1111 HO

SiMe
Ph

(1 1 8 )

MgBr^ X  / =  »

(117 )

Scheme 26

was inmedia te ly discharged. The mixture was then filtered through a 
short silica column to produce the g-keto silane (116) in 84% yield. 
Treatment of the g-keto silane (116) with vinylmagnesium brcmide in THF 
under reflux conditions for 45 minutes furnished an inseparable mixture 

of starting material (116) and the hydroxy silane (117) in a ratio of 
1:9 by n.m.r.

The Peterson elimination^^ can be carried out under either acidic or 
71basic conditions. The different mechanisms for the two types of con

ditions can, witli the appropriate substrate, lead to the formation of
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72eitlier cis or brans olefins, Schane 27. Under acidic conditions the

Ç,H,
KH THF

C ,H , C ,H, C ,H ,

5 95

/=\ .
C3H, C3H, C3H,

92 8

Scheme 27

elimination takes place in an anti fashion while under basic conditions 
a syn elimination takes place.

Using acidic conditions, tlie crude hydroxy silane (117) [contami
nated with 10% g-keto silane (116)] was heated with glacial acetic acid 
saturated witli sodium acetate at 50°C for Ih. After work-up and flash 
cliranatography the diene (118) was obtained. Scheme 26. Hi and 
n.m.r. showed no evidence of any regioiscmers and the sequence had been 
carried out in 34% overall yield frcm 3-phenyIpropanal.

It was originally thought that by reacting the g-keto silane (116) 
with 2-propenylmagnesium brcmide instead of vinylmagnesium brcmide it 
would be possible to prepare tlie g-hydroxy silane (119), which could 
then be reacted under Peterson elimination conditions to produce the 
diene (80) , Scheme 28. Treatment of tlie g-keto silane (116) witli 2- 

propeny.Imagnesium brcmide, prepared frcm 2-brcmopropene and magnesium, 

SiM e, ^  SiMe,

Ph

0 HO
(116) (119) ( 0 8 )

Scheme 28
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failed to produce the g-hydroxy silane (119), even after prolonged 

reflux. All that was isolated fran the reaction was starting material 
(116), together with a small amount of unidentified deconposition 
products. Since the g-keto silane (116) is a hindered ketone it is 
assumed that the increased steric bulk of the propeny 1 Grignard was 
preventing the reaction.

Propenyl lithium was an obvious alternative to the use of propenyl
74Grignard and it could be generated by the Shapiro reaction. The 

trisyl hydrazone (120) was prepared frcm the corresponding hydrazine 
(121) and acetone at 0°C for %h.^^ The reaction of hydrazone (120) with 
two equivalents of n- butyl lithium brought about a Shapiro reaction to 
produce 2-propenyl lithium, Scheme 29.

SO,NNH

121 ) (120) 
Scheme 29

K 2BuLi ^

OME - 7 8 - 0 ’C^ Li

When the g-keto silane (116) was reacted with 2-propenyl lithium, 
generated by the above procedure, the g-hydroxy silane (119) was 
produced in 76% yield. The g-hydroxy silane (119) was then heated at 
50°C for 4h in glacial acetic acid saturated with sodium acetate, 
after wark-up and flash chranatography the tetra- substituted diene (88) 

was isolated. Scheme 30. As in the preparation of the diene (118) , 
n.m.r. showed no evidence that any regioiscmers had been fomed. The 
overall yield of the diene (88) was 30% frcm 3-phenyIpropanal.

2-Li thio- 2- trimethylsilylpropane (110) was prepared as before, by 
reductive lithiation of the a (phenyIthio) silane (111) with LM^AN, and 
reacted separately with benzaldehyde and phenylacetaldehyde. In each
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SiMe,

1116 )

V  X / ' ” *3Ph X  JL ..Ph

{ 88

DME /  X ;  CHjCOjNa

(1 1 9 )
Scheme 30

case t.l.c. showed a large number of products of which only naphthalene,
reported to arise frcm the decomposition of L DM A N , w a s  identified.

It was felt tliat in order to improve the reliability and the yield,
a more efficient way of generating anion (110) was required. It is
known that n-butyl lithium can cleave carbon-tin bonds to produce the

77corresponding alkyl lithium. An example of this was demonstrated by
Still when alkoxystannane (122) was treated with n-butyllithium and
tlie resultant anion reacted with cyclohexanone to yield tlie mono-

78protected diol (123) . It was thought that this type of transmetalla-
1) BuLi. THF

-78'C. 5min.^ + Bu^Sn

^ ^ 0  HO
1122)  (123 )

tion might provide a means by which the anion (110) could be prepared
in a more reliable way. It is, however, worth noting that Still
failed to generate a tertiary a-alkoxy anion by transmetallation of the
corresponding stannane with n-butyllithium. Also (trimethylsilylmethyl)-

79tributyltin was found unreactive towards n-butyllithium in hexane, 
nevertheless, it was still considered wortliwhile to try the transmeta lia- 
tion.

2-Lithio-2-trimethylsilylpropane (110) , generated in the usual way, 
was trapped with tributyltinchloride to produce the stannane (124) . It 
was thought that treatment of the stannane (124) with n-butyllithium 
might regenerate the anion (110) which could then be reacted with 3-
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pJieny].propanal to yield tlie 3-hydroxy silane (115) , Schene 31.

SiM e, -SIMe, S iM e,

SPh

■3 1) LDMAN

2) Bu^SnCl

111 M 2 4 ) 11101

SiMe

HO
( 1 1 5 )

Ph

Scheme 31

Unfortunately, attempts to produce transmetallation of (124) failed 
and resulted in the re-isolation of starting material (124) along with 
tlie product of n-txityllitliium attack on 3-phenylpropanal. Table 2 
gives a brief surmary of tlie solvent, reaction time (to bring about the 
exchange) and the temperature used.

TABLE 2

Solvent Reaction Time Temperature Result
THF 15 minutes -78°C No transmetallation
niF H -35°C II

niF 1 hour 0°C II

DME 0°C II

As already stated the main aim for preparing these substituted 
dienes was to provide a route to the trienone (83), Scheme 13 [Chapter
2]. Despite tlie limited success encountered in the addition of anion 
(110) to aldeliydes it seemed prudent to try the reaction with the alde
hyde (84). If the addition was successful and produced the correspond
ing 3-hydroxy silane (125), it should then be possible, by applying a 
similar sequence used to prepare the diene (88), to produce the 
trienone (83).
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The aldehyde (84) was prepared by DIB7\H reduction of the ester 
(55) 2-Lithio-2-trimethylsilylpropane (110) was prepared in the
usual way, from a-(phenylthio)silane (111) and LDMAN, then reacted with 
the aldehyde (84), Scheme 32. T.l.c. showed a number of products and

MeO

OSiMe,Bu’
I 55 )

DIBAH  ►

SIMftH SiMe,

OSiMe,Bu
( 8 4  ) ( 125)

Scheme 32

after flash clircmatography the main fraction isolated sliowed a hydroxyl 
aixl a carbonyl absorption in tlie i.r. The Ml n.m.r. also leads to the 
tentative suggestion that this product resulted from an aldol condensa
tion of (84). This implies that the anion (110) acted as a base rather 
tlian a nucleophile to bring about this condensation.

Before trying to develop a more general method for the preparation 
of tliese highly substituted dienes, it was deemed worthwhile to under
take a study of the Diels-Alder reactions of the two dienes already 
prepared.

3.3 THE DIELS-AIDER REACTION

In its simplest form, the Diels-Alder reaction of butadiene and 
etliylene, the former contributes 4tt electrons and the latter 2tt electrons 
From Figure 5 it can also be seen that tlie phases on the orbitals allow 
overlap fron the same side of each ccnponent, i.e. suprafacially. The 
Diels-Alder reaction is therefore classified as a [tt4s + ïï2s] cyclo- 
addition.®^

Figure 6 shows how substituents on the dienophile can vary the 
energy difference between the HOMO and LUMO and therefore affect

— 3 9 —•
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HOMO 
of Butadiene

LUMO 
of Ethylene

LUMO 
of Butadiene

HOMO 
of Ethylene

Figure 5

wiiich interaction becanes inportant. A normal Diels-Alder involves an 
electron-deficient dienophile and an electron-rich diene, Figure 6b.
The important frontier orbital interaction is between the HCMD of the 
diene and tlie LUMO of tlie dienophile since they are closest in energy.
By using a Lewis acid it is possible to lower the energy of tlie LUMO 
(and HOMO) of the dienophile so making tlie energy separation between the 
HOMO of the diene and the LUMO of the dienophile still smaller, thereby 
increasing the rate of reaction. Figure 6a. In contrast, if the dieno
phile has an electron-donating group. Figure 6d, tlie most important 
interaction is now between the LUMO of the diene and the HCMO of the 
dienophile; tliis is then termed a reverse electron demand Diels-Alder.

Substituents on the diene also effect the energies of the HCMO and 
LUMO of tlie diene. The result is similar to that observed for the 
dienophile in tliat electron-withdrawing groups lower the energies of 
tlie HOMO and LUMO. Electron-donating groups raise the energies of both 
tlie HOMO and LUMO.

In the Diels-Alder reaction between maleic anhydride and cyclopenta- 
diene tliere are two possible products; the endo (126) and the exo (127) , 
wliich could be formed depending on the transition states. Figure 7. 
According to Alder's endo rule, the most stable transition state is 

wliere tliere is "maximum accumulation of double bonds" and therefore the
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0
(126  ) endo

I I

(1 2 7 )  exo
Figure 7

endo product predaninates. This can be rationalised as a stabilisation 
of the endo transition state by a secondary orbital interaction, as 
shown in Figure 8 , for the reaction of maleic anhydride and cyclopenta- 
diene.82,83

HOMO

Figure 8
The regioselectivity is governed by the orbital coefficients, the 

aton witii the larger coefficient on the dienophile interacts preferen
tially wiüi the larger coefficient of the diene. Scheme Lewis
acids not only affect the rate of Diels-Alder reactions, they can also 
alter tlie exo/endo selectivity and tlie regioselectivity since tliey affect
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Favoured
CO,Me

"^CO,Me

-0-9^
^ O S .  .  p.

t r

CO,Me

tlie orbital coefficients.

Scheme 33

84

There is still a certain amount of controversy concerning the 
precise mechanism for the Diels-Alder reaction.Evidence exists for 
both a concerted addition in which both new bonds are formed at the 
same time and a two-step process involving a Zwitterion, a biradical 
intermediate,®^ or a radical ion pair.®® Most of the evidence for a 
non-concerted mechanism appears to be frcm special cases vhere the 
diene and/or the dienophile are highly functionalised to stabilise an 
intennediate radical or ion. In the majority of cases the results 
obtained can be best explained by a symmetry allowed one-step mechanism.

It is often stated tliat 1,1-disubstituted butadienes are unreactive 
in tlie Diels-Alder reaction.®®'®® The reason given for this is that a 
bulky group in the cis 1 -position sterically hinders the formation of the 
cisoid conformation (128a), which is required for reaction to take place, 
eind therefore leads to tliis conformation being disfavoured relative to 
the transoid (128b).®®

CH

85

( 1 2 0 3 ) ( 128b)
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Often when such dienes are reacted under forcing conditions an
isomerization takes place before the Diels-Alder reaction thus leading
to a mixture of products. An example illustrating this idea is the
reaction of the 1 ,1 -disubstituted diene (128) with maleic anhydride to

91produce the expected adduct (129) and the adduct (130) . The formation 
of (130) results from rearrangement of the diene (128) prior to 
reaction.

0

b

 ► (1 2 9
84h

benzene

(1 2 8 )

(1 3 0 )
92Krief and Zutterman describe a way of improving the reactivity of 

1 ,1 -disubstituted dienes and avoiding problans of rearrangements by 
incorporating the methyl groups into a cyclopropane ring. The cyclo
propane (131) was reacted with methylacrylate to give the cyclohexene 
(132) and then hydrogenation generated the dimethyl cyclohexane (133) , 
Schene 34.®^

I . 18h

(132)

Pt(0,)

CO,Me ^  ^  "CO,Me
(131) (132) ^  (133)

Scheme 34

Of the few exanples of 1,1-disubstituted dienes undergoing Diels- 
Alder reactions the reaction of the diene (134) with acrolein appears 
to iDe an exception as the expected adduct (135) is produced in good
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0
H

93

(134) (135)

yield."" This suggests that the methyl group at the C-3 of the buta
diene fragment improves the reactivity of (134) . It was thought that 
this fact could be investigated by studying the Diels-Alder reactions 
of the dienes (118) and (8 8 ).

3.4 DIELS-ALDER REACTIONS WITH DIENES (118) AND (8 8 )
Initially it was decided to try the reactions of the dienes (118) and 

(8 8 ) with the highly reactive dienophile 4-phenyl-1,2,4-triazoline-3,5- 
dione (136) [Cookson's dienophile]. Both the dienes (118) and (8 8 ) 
reacted with Cookson's dienophile at roan temperature over the period of 
Ih. The diene (118) reacted to produce the white crystalline solid (137) 
in 35% yield. The diene (8 8 ) reacted in better yield (85%) to give the

Ph

II ;NPh 

0
t l l B )  (1361

white crystalline solid (138).

CĤ Cla
( CĤ )gCO 

RT Ih

0
CH3CI2 , 
(CH,),CO 
RT Ih

Ph

0
3 5 %

(137)

t y
0

8 5 %
(138)

0
( 8 8  ) (136)

Gratified that both dienes were undergoing Diels-Alder reactions, 
albeit with a highly reactive dienophile, it was decided to find 
conditions in vhich they could be reacted with acrolein.

Initially the diene (8 8 ), acrolein and a small amount of hydroquinone
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were heated at 130°C in toluene overnight. T.l.c., however, showed 
very little change, so rather than pursue the thermal reaction, Lewis 
acid catalysed conditions were adopted. Small scale test reactions 
revealed that diene (8 8 ) reacted with acrolein at -78°C in toluene with 
0.2 equivalents of boron trifluoride etherate. Larger scale reactions, 
under the same conditions, enabled the isolation of the cyclohexene (139) 
in 52% yield togetlier with the dihydropyran (140) which is derived frcm 
the aldehyde moiety acting as the dienophile.

0 BF,. OEt,

H

1 4 equiv.

20 mol %

5 hr. -78®. 
2 hr. -4 0 *

( 88 )
Ph

(140)

Proof for the regiochonistry of the cyclohexene (139) was twD-fold. 
Firstly, H-1 was identified as a doublet of triplets at 62.13 by 
decoupling the aldehyde signal. The fact that it existed as a doublet 
of triplets suggested that the ortho-iscmer (139) had been formed since 
H-1 would be coupled to a CHz and the aldehyde proton. Had the meta- 
isaner (141) been formed it would be expected to have a more complex 
signal since there would be five adjacent protons to H-1. The second

Ph

(141)
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piece of evidence lay in n.O.e. experiments frcm the two C-2 methyl 
groups. Both methyls showed a n.O.e. to the aldehyde proton (4% and 
5%) and both to H-1 (7% and 2.5%) thus indicating their proximity to 
both these protons, Figure 9. Models show that for the orfho product

5*A

Figure  9

(139) both the aldehyde and H-1 can be close to either of the C-2 methyl 
groups,

It is known that acrolein itself can act as a heterodiene but this
type of reaction would not lead to the production of the dihydropyran

97(140). In a recent series of papers by Danishefsky et ai^, the 
silyloxy diene (142), under Lewis acid catalysed conditions, reacted 
exclusively via the carbonyl functionality in preference to the double 
bond moiety, with a variety of a ,$-unsaturated aldehydes to furnish the 
pyrone (143). However, it should be noted that there is seme evidence 
that the mechanism, under certain conditions, involves an aldol-like

OCH,

M e ,S iO

BF.OEIj ® ►

97pathway rather than a pericyclic one.
Certain very electrophilic carbonyls (e.g. glyoxylates and fluorinated

ketones) have also been shown to undergo Diels-Alder reactions via the
98carbonyl functionality. Although clearly there are examples of [4+2]
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cycloadditions using heterodienophiles, they appear to be relatively 
98unccrmon.

The major evidence for the structure of adduct (140) , where the 
carbonyl moiety of acrolein had reacted as the dienophile, lay in the 
high resolution mass spectrum with the correct molecular ion. The high- 
field n.m.r. clearly showed the characteristic vinyl group and 
additional signals which could account for the renaining functionality. 
The regiochenistry was determined by the fact that only one signal 
(other than the vinyl protons) in the n.m.r. was shifted down-field 
by the oxygen which is as would be predicted for (140) . If the other 
iscmer (144) was formed it vould be expected to have three deshielded 
protons.

P h .

( 1 4 4 )

The regiochemistry of the two Diels-Alder adducts (139) and (140) 
also fits into a pattern when looking at the predicted orbital coeffic
ients of protonated acrolein (which can be considered as a model for 
Lewis acid co-ordination), Figure 10.^^ The major interaction is likely 
to be from the HCM) of the diene and the LUMO of the dienophile. There
fore, with reference to the LUMO of the protonated acrolein the C-1 and 
C-3 carbons have the larger coefficients. Since the atom with the larger 
coefficient on the dienophile interacts preferentially with the atom 
carrying the larger coefficient of the diene, it would be expected (and 
was found) that C-1 and C-3 of the acrolein would be bonded to the same 
carbon of the diene in the two adducts.

The aldehyde (139) was converted to its crystalline DNP derivative
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Figure 10

(145) which gave micrcanalytical and n.m.r. data that were consistent 
with the proposed structure.

H

Ph

(139)

The diene (118) was reacted with acrolein and 0.2 equivalents of 
boron trifluoride etherate at -78°C, and after 5h the t.l.c. showed only 
starting material. The mixture was then warmed to -35°C and after 12h 
t.l.c. showed sane reaction had taken place, however, a large amount of 
the diene (118) still ranained. At this point further portions of 
acrolein and boron trifluoride etherate were added (the same product was 
isolated irrespective of the second portion but in even worse yield). 
After an additional 7h the mixture was worked-up. T.l.c. showed sane 
streaking and a number of faint spots that could not be isolated. It

— 4 9 —



was, however, possible to re-isolate the starting diene (118) (49%) 
and a main product (19%) which was one spot on t.l.c. However, high-

H 40 mol %  mixture of unidentified
5 hr -78® isomers in low yield

4 2 equiv. 
( " 8 1  total

2days-40®

field n.m.r. revealed a 2:1 mixture of iscmers. Characteristic 
signals in the n.m.r. were tr/ic aldehyde proton signals, one for each 
iscmer, at 59.66 and 10.00. The presence of a carbonyl was also con
firmed by an i.r. showing a strong absorption at 1720 on"^. Additional 
features in the n.m.r. were six characteristic vinyl signals, three 
for each iscmer, very similar to those already observed for the dihydro
pyran (140) . Since the product appeared to be a 2:1 mixture of iscmers 
the remaining signals in the n.m.r. were additionally ccmplicated and 
other than integration and chemical shift not much more information 
could be obtained. However, it was clear that the product was not the 
expected Diels-Alder adduct or a product arising frcm simple rearrange
ment of the diene (118) prior to reaction. The product gave a molecular 
ion in its mass spectrum consistent with two molecules of acrolein 
ccmbining with one of the diene (118) . Identification of the products 
was made more difficult since only small amounts could be obtained due 
to the poor yield and insufficient quantities of the diene (118). In 
addition, the products showed signs of decarposition after a few days at 

0°C.
It was felt that if a crystalline derivative was prepared it might be 

possible to separate the two iscmers by recrystallisation and prove the 
structure unambiguously by X-ray analysis. Also, a crystalline derivative 
would hopefully alleviate any decomposition problans. The products were.
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therefore, converted to their DNP derivatives. After one recrystallisa
tion the n.m.r. showed that the ratio of iscmers had improved to 
essentially one ccmpound. However, it was not possible to obtain a 
crystal which was suitable for X-ray analysis. The high resolution 
mass spectrum of the DNP derivative confirmed a molecular formula of 
C 2 6H 3 0N 4O 5 which is consistent with one molecule of the diene (118) , 
two molecules of acrolein and the DNP group. The high-field n.m.r.
showed similar features, together with the DNP group, as the initial 

products except with the minor iscmer absent. Despite the fact that the 
conpound was now pure, it was still not possible to make a clear 
identification. The structure shown in Figure 11 is most consistent 
with the available evidence for the initial product and the correspond
ing DNP derivative. The two iscmers that were originally isolated could 
conceivably have arisen frcm either regioiscmers or even diastereoiscmers 
of the structure shown. Clearly this reaction needs further investiga-

H

Fig u re  11

tion before a structure for the product can be more confidently 
suggested. However, exanples of dienes undergoing non-concerted [2+2] 
do exist in the literature®^and Zwitterionic or radical intermediates 
are proposed.

It therefore appeared that diene (8 8 ) was more reactive and gave 
cleaner products than diene (118) . It was thought that there were three 
possible reasons for this.

Firstly, the diene (8 8 ) is degenerate to a 1,5-hydrogen shift. Figure

Ph
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12, therefore rearrangement would not lead to different dienes as it 
would with diene (118) , Figure 12.

P h

(88)

P h

(88)

P h

(118)
F ig u r e  12

Secondly, the extra methyl group of the diene (88) has the effect
82of raising the HOMO (and LUMO) of the diene, therefore decreasing the

energy-gap between the HOMO of the diene and the LUMO of the dienophile.
This has the effect of lowering the transition state energy and so
increasing the rate of reaction relative to the diene (118) without the
extra methyl group.

The third alternative is a steric argument; the reason generally
given as to why geminally disubstituted dienes fail to undergo Diels-
Alder reaction is that the cisoid conformation (88a) is sterically dis- 

83favoured. In the diene (88) this unfavourable steric interaction with 
the cis-methyl group in the approximate cisoid conformation (88a) is 
counter-balanced by the steric interaction between the cis-methyl group 
and the methyl group at the C-3 position of the butadiene fragment in 
the approximate transoid conformation (88b).

( 8 8 a )

P h

( 8 8 b )
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In order to rule out the possibility of a 1,5-hydrogen shift, the
deuterium labelled diene (146) was prepared. The [̂ He] hydrazone (147)
'/ms prepared frcm [ Ĥe] acetone and the hydrazine (121) . Treatment of
the [̂ Hg] hydrazone (147) with two equivalents of n-butyllithium
produced [̂ Hg] propenyl lithium which was then reacted with the 6-keto

silane (116) to yield the [̂ Hg] a-hydroxy silane (148), Scheme 35. The
73reaction of (148) under Peterson elimination conditions furnished the 

[̂ Hg] diene (146) . High-field and n.m.r. of the [’Hg] diene (146)

SO,NNH,

(121)

CD
0

CD: SO,NN

(1 4 7 )

1) 2BuLi

0

SiMe.HO

Ph

D

Ph

D

(1 1 6 )  (1 4 8 )  ( 146)

Scheme 35

were consistent with specific labelling of deuterium in the positions 
shown. The mass spectrum indicated an average of 97% deuterium incor
poration at each site.

The [̂ Hg] diene (146) was then reacted with acrolein and boron tri
fluoride etherate, under the same conditions as for the undeuterated
case, to produce the [̂ Hg] cyclohexene (149) and the [̂ Hg] dihydropyran
(150) in yields of 60% and 5% respectively. A snail amount of unreacted 
[̂ Hg] diene (146) was also re-isolated (15%) , the n.m.r. of which was 
identical to the starting material (146).
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BF3 OEt, 
-40 'C

(146:

Ph

(149)

Ph

(150)

Figure 13 shows the n.m.r. of both the labelled Diels-Alder 
adduct (149) and the unlabelled adduct (139) . The n.m.r. of adduct 
(149) clearly shows the absence of the multiplet at 52.03 and the 
singlet at 51.74 assigned to the protons at C-5 and the methyl group 
at C-4 respectively in the unlabelled adduct (139) . Also, the methyl 
groups at C-2 rsnain undisturbed. This result rules out the possibility 
of the diene (88/146) undergoing rearrangement during the Diels-Alder 
reaction with acrolein under boron trifluoride etherate catalysed con
ditions .

The [̂ Hs] cyclohexene (149) was also converted to its [̂ Hs] DNP 
derivative (151) . The and n.m.r. were consistent with structure
(151) and neither showed any signs of scrambling of the deuterium.

NO2

Ph Ph

(151)

In addition, if the [̂ Hs] diene (146) was heated at 100°C for 12h, 
no evidence for any scrambling was observed in the n.m.r. From this 
and the above evidence it seemed that the improved reactivity of the 
diene (88) with the methyl group at the C-3 position of the butadiene 
fragment was not a result of its degeneracy. It was not possible to
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CHO
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FIGUEE 13
The 300 MHz (CDCI3) NMR of (139) and (149).
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determine whether the increased reactivity arose fron electronic or 
steric effects or, more likely, a ccmbination of the twD. However, it 
was apparent that the extra methyl group of the diene (88) played an 
important rôle in its reactivity towards a Diels-Alder reaction.

Encouraged that conditions were found whereby the diene (88) could be 

made to undergo Diels-Alder reactions, a more reliable route to its 
preparation, which could then be applied to the taxane model system, 

was sought making use of selenium chanistry.
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CHAPTER 4
A Synthesis of Substituted Dienes 

and its Application to an 
Alkylated Taxane Model System



( 82 )

4.1 INTRODUCTION
Chapter 3 describes the successful application of the Peterson 

elimination^^ to control the regiochemistry in the preparation of highly 
substituted butadienes. However, use of this method was restricted by 
difficulties experienced in the preparation of 2-lithio-2-trimethylsilyl 
propane (110) and the high basicity of this reagent. It was, therefore, 
necessary to develop a more reliable route to dienes of type (108) that 
could then be applied to the preparation of the alkylated taxane model 
system (82).

SiMe, R,

Li

(110) (108)

In keeping to a similar type of methodology to that used in the
silicon directed diene synthesis an alternative to alkyllithium (110)
was sought. The corresponding a-selenoalkyl lithium (152) appeared to

99be readily available frcm the selenoacetal (153) and n-butyllithium.
Addition of this anion (152) to an aldehyde or ketone results in the

77formation of a g-hydroxy selenide (154) . According to the literature

XSePh V /SePhBuLi^

SePh / ^ L l

( 153 ) (152 ) (154)

a-selenoalkyl lithiums have the advantage of being easily prepared,
77Stable at -78°C and also highly nucleophilic. This high nucleophilicity 

allows attack at a highly hindered ketone without carpeting énolisation.^®^ 
This fact is illustrated by the reaction of 2,2,6-trimethylcyclohexanone 
(155) with the anion (152) to produce the g-hydroxy phenylselenide (156)

SePhR'R C = 0

HO
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in 84% yield.

SePh S eP h

052) >•

(1 5 5 )  (1 5 6 )
3"Hydroxy selenides are versatile synthetic intermediates and can be

used to produce a variety of functionalised canpounds; allylie alcohols, 
a,3"unsaturated carbonyl canpounds,vinyl selenides,epoxides, 
a l c o h o l s a n d  olefins^^^ of particular relevance to the diene synthesis 
is the ability of 3-hydroxy selenides to be converted, with complété 
regiospecificity, to o l e f i n s . T h e  treatment of the 3-hydroxy selenide 

(157) with thionyl chloride and triethylamine in dichlorcmethane leads to 
the formation of alkene (158) in 90% y i e l d . A n  intermediate selen- 
iranium ion has been proposed for this transformation.^^®

SePh C J i ; ,

 /  Et]N _

( 1 5 7 )  11581

Selenium chemistry has been previously utilised in the preparation of
1,3-dienes, sane examples are shown below.

Halazy and Kriefprepared 2-substituted butadienes from the 1,1-bis 
selenocyclobutanes (159) outlined in Scheme 36. Reaction of (159) with 
n-butyllithium produced the corresponding a-lithioselenocyclobutane vhich 
was added to an aldehyde to yield the cyclobutyl alcohol (160) . Oxidation 
of the selenium moiety to the selenoxide followed by elimination gave 
cyclobutenyl alcohol (161) vhich could be ring opened to furnish the 2- 
substituted diene (162)

A later report used a selenoxide elimination to produce the diene (163) ,
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SePh

I) BuLi

‘SePh 2) C„H„CHO

(1 5 9 )

SePh

(1 6 0 )

—  »
Bu^OOH

A

OH

C,oH„ 10 '21

( 1 6 1 ) (1 6 2 )

Scheme 36

108Schane 37.^ The reaction of a-isopropylidene-y-butyrolactone (164) 
with sodium phenylselenide and subsequent estérification of the inter
mediate acid with diazcmethane provided the ester (165) . Oxidation of 
the selenium moiety with peracid followed by thermal elimination of
the selenoxide gave the diene (163)

0
1) PhSeNa

■cy
(164)

2)CH,N
1 )  C H 3 C O 3 H
2) A

PhSe

(165) 

Scheme 37

CO,Me 0,Me

(163)

4.2 SETfmUM DIRECTED DIENE SYNTHESIS
Originally it was thought that the synthesis of dienes could be 

achieved by substituting 2-lithio-2-phenylselenopropane (152) for 2- 

lithio-2-trimethylsilylpropane (110) in the sequence already developed 
in Chapter 3. Schene 38 shows the proposed route to the diene (108) 
using the selenium moiety to control the regiochenistry of the elimina
tion.

The production of 8-hydroxy selenides is well precedented in the
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X ' ' ' '  x ' ' " '  - X
/ \ S e P h  ^ X  / \ - R

HO

Scheme 38

0
(166)

SOCIj D 1
EtgN

CH^Clj A
(108)

M = Li or MgBr

literature and it was thought that this step could be achieved without
too many problons. However, the key step in the sequence is the
oxidation of the alcohol functionality in the presence of the selenium 

77moiety. The following reagents have been used to oxidise an alcohol
109in the presence of a selenide group; the Corey-Kim, Choral on

alumina,triphenylbismuth carbonate^and DDQ.^^^ If the g-keto
selenide (166) could be prepared the renainder of the synthesis would
follow in a similar fashion to the silicon directed synthesis [Chapter
3] , by addition of propenyl Grignard or propenyl lithium then elimination
to yield the diene (108) . The sequence was therefore initially undertaken
using readily available aldehydes as model canpounds.

The selenoacetal (153) was prepared according to literature procedure

fron acetone and selenophenol (167) in the presence of hydrogen chloride 
113gas. The product first isolated was found to contain sane diphenyl 

diselenide derived fran the oxidation of the selenophenol (167) . The 
diphenyl diselenide was removed by flash chranatography and the seleno
acetal (153) was obtained as a pale yellow solid with the n.m.r. con-

113sis tent with the literature. The selenophenol (167) itself was prepared 
fran phenyl Grignard and pcwiered black selenium, acidic work-up, then
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1 ) Mg

P h B r ------ ► PhSeH
3) HCl aq

1 6 7 )

Scheme 39

SePh
HCl (g) *-

ePh

(1 5 3 )

114produced air and light-sensitive selenophenol (167) , Scheme 39.
Treatment of the selenoacetal (153) with n-butyllithium in THF gave 

the anion (152) vdiich was reacted with three different aldehydes; 
benzaldehyde, 3-phenylpropanal and heptanal to provide the corresponding 
B-hydroxy selenides (168a,b,c), Table 3.

SePh .  .SeP h

SePh

BuLi , \ /
THF / \ l,

SePh
ECHO

HO
(1 5 3 1 5 2 )

TABLE 3

( 1 6 8 a .b .c )

Aldehyde Yield of (168)
a R = Ph 78%
b R = CgHi3 92%
c R = PhCHzCHz 89%

The 8-hydroxy selenide (168a) was reacted with a number of different
oxidising agents; Corey-Kim,Swem,^^^ Collins"^^' and DDQ,^^^ none
of which produced the required 3-keto selenide (166a) . The only product
which was identified was diphenyldiselenide. Treatment of the g-hydroxy
selenide (168b) under Corey-Kim,Swem,^^^ or oxidising
conditions also failed to produce the corresponding g-keto selenide
(166b) . Finally the oxidation of (168c) again failed to produce the g-

keto selenide (166c) . More attention could have been directed at this
77oxidation since according to the literature it ought to have been
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SePh SePh

HO 0
( 1 6 0 a .b ,c )  1166a ,b .c )

possible to oxidise these g-hydroxy selenides to g-keto selenides.
However, a more thorough examination of the literature revealed that the
anion (152) has a strong tendency to undergo 1,2 additions to a,g-
unsaturated carbonyl compounds.Therefore, by altering the order of
the sequence in Scheme 38 it should be possible to avoid the necessity
to carry out the oxidation with the selenium moiety present.

The enone (89) was prepared as previously described in Chapter 2 by
addition of propenyl Grignard to 3-phenyl propanal followed by oxidation.
The enone (89) was added at -78°C to a solution of 2-lithio-2-phenyl-
selenopropane (152) v^ch had been prepared frcm the selenoacetal (153)
and n-butyl lithium. The mixture was allowed to warm to roan temperature
over the period of Ih then worked-up. After flash chromatography the g-
hydroxy selenide (169) was obtained in 73% yield. The t.l.c. of the
crude product and the n.m.r. and i.r. of the purified product showed no
evidence for any products arising from 1,4-addition to the enone (89).
The g-hydroxy selenide (169) was reacted with thionyl chloride and
triethylamine according to the method of K r i e f f o r  the formation of

olefins from g-hydroxy selenides. After work-up and flash chranato-

graphy the diene (88) was isolated in 62% yield, Schene 40. The n.m.r.
showed no evidence that any regioiscmers had been formed and the product
was identical in all respects to the diene (88) obtained fran the silicon
directed diene synthesis [Chapter 3] . The overall yield fran 3-phenyl-
propanal was only 17%. It was, however, thought that this could be
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SePh

,,Y 0 X„
^  ^  _(1521_^

Ph
SePh

( 169)

Ph

( 8 8 )

Ph 2} CrOa Ph %  THF
pyridine
CH^CIj ( 89

SOCI2 
EtgN  ̂
CHjClj

Scheme 4 0

improved since it was the seaningly straightforward first two steps 
that were mainly responsible.

The sequence was then repeated using benzaldehyde as the starting 
material, Scheme 41. Propenyl Grignard was added to benzaldehyde to

U Y  ? ”  CrO, 9

(170 ) (171)

OH
SePh

Li
(152) S ePh

(173)

Ph

SePh

( 1 7 2 )
Scheme 41

produce the allylic alcohol (170). The n.m.r. and t.l.c. showed the 
product to be relatively pure so it was used without further purification 
in the next step. Collins oxidation of (170) provided the enone (171) 
in a much improved 70% yield from benzaldehyde. The addition of 2-lithio- 
2-selenophenylpropane (152) to the enone (171), however, produced both
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the required g-hydroxy selenide (172) together with the ketone (173)
which resulted fran 1,4-addition of the anion (152) to the enone (171).
The yield of (172) and (173) was 29% and 38% respectively. It is
possible that either the electronic affect of the phenyl group or the
increased steric bulk around the carbonyl might have caused the enone
(171) to undergo Michael addition as well as 1,2-addition.

Obviously the ketone (173) was of no use in the diene synthesis but
the 6-hydroxy selenide (172) was reacted with thionyl chloride and
triethylamine to yield the diene (174) which was further reacted with

94Cookson's dienophile (136) to yield the crystalline derivative (175) ,
Schene 42, Microanalytical and spectroscopic data for the adduct (175)

was consistent with the structure proposed.
0

OH P h  
Ph

CHjCl, (OS)
YePh 'b

(1721 (17H (1751

Scheme 12

In order to investigate further the reliability of this diene 
synthesis another model aldehyde was used. Heptanal was added to a 
solution of propenyl Grignard and stirred for ^h. After work-up the 
allylic alcohol (176) , vdiich appeared to be pure by t.l.c. and n.m.r., 
was obtained and it was used in the next stage without further purifica-

eqtion. Collins oxidation of (176) furnished the enone (177) in 70% 
overall yield fran heptanal. 2-Lithio-2-phenylselenopropane (152) was 

again prepared from the selenoacetal (153) and n-butyllithium. The 
anion (152) was then reacted with the enone (177) to produce the 6- 
hydroxy selenide (178) in 86% yield, after flash chranatography. No 
evidence of any 1,4-addition product was observed fran the t.l.c. of the
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crude product or the n.m.r. and i.r. of the purified product. The 
elimination of both the hydroxyl and selenyl moieties using thionyl 
chloride and triethylamine^then provided the diene (179), Schene 43 
The overall yield frcm heptanal was now a respectable 39%.

T  OH CrO,
I pyridine ^ ..

(176  ) ( 1 7 7 )

HO

(152)

SePh

(1 7 8 )

>-
CH,Cl

( 1 7 9 )

Scheme 43
94The diene (179) was reacted with Cookson's dienophile (136) to 

produce the crystalline adduct (180) . Again the microanalytical and 
spectroscopic data was in accord with the structure proposed for the 
adduct (180).

^"^N-Ph

N - P h

( 1 8 0 )

(136)

( 1 7 9 )

Although the conversion of a 1 -hydroxy- 2-methylselenobut- 2-ene unit 
into a diene has been mentioned as unpublished results by Krief full 
details and specific applications to highly substituted dienes have not 
been reported. Frcm the three model dienes prepared it appears that the 
selenium directed diene synthesis is more widely applicable than the
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Silicon directed route. The limiting factor appears to be the canpeting
1,4-addition of the selenium stabilised anion to the a , g-unsaturated 
ketone, this however was only observed in the enone prepared fran 
benzaldehyde. With more confidence it was decided to extend the sequence 
to the alkylated taxane model system.

4.3 THE PREPARATION OF 8,12,15,15-TETRAMETHYLTRICYCLO[9.3.1.0^'^]- 
PENTADECANE (82)

The conversion of the aldehyde (84) to the diene (181) was performed 
in a similar way to that in the model diene synthesis. Scheme 44. 2-
Propenyl Grignard was added to the aldehyde (84) and after work-up and 
flash chromatography the allylic alcohol (182) was obtained as a colour
less oil. The t.l.c. of the product showed a "dumb-bell" shaped spot 
which suggested that two diastereoiscmers had been formed. The 
n.m.r. of the crude reaction mixture showed that the majority of the 
signals were duplicated vhich again suggested that two diaster eoiscmers 
had been formed. The ratio appeared to be approximately 1:1. There was
obviously little point in further study of the diastereoiscmer ratio as .

53the new chiral centre is destroyed in the next step. Collins oxidation 
of the allylic alcohol (182) gave the enone (183) in 74% yield. The 
enone (183) was then reacted with 2-lithio-2-phenylselenopropane (152) 
to furnish the 6-hydroxy selenide (184) . Presumably, (184) existed as a 
mixture of diastereoiscmers but it was not evident from t.l.c. or 90 MHz 

n.m.r. and since the elimination removes the new chiral centre, (184) 
was not investigated further. Treatment of the 6-hydroxy selenide (184) 
with thionyl chloride and triethylamine^ then provided the diene (181), 
Schene 44.

It was then necessary to activate the dienophile part of the molecule 
before carrying out the intramolecular Diels-Alder reaction. The depro-
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MgBr0

00
(1 8 2 )

0

Li 

PhSe
X

(152)

CrOy
pyridine
ch ĉl.

PhSe

0\

SOCI2
B 3N  0
OijCLj

(183 1 (1 8 4 )

0

(1 8 1 )  

Scheme 4 4

tection of the alcohol functionality of (181), using aqueous hydro
fluoric acid and acetonitrile in glass apparatus led to the allylic 
alcohol (185). The oxidation of this alcohol (185) using a Collins 
solutiony generated in situ^^ then provided the trienone (83), Scheme 
45. The épimérisation of the centre next to the carbonyl in the trienone 

(83) was anticipated to be a possible problon. However, the high-field 
and n.m.r. showed no evidence for this.
The cyclisation of the trienone (83) is classified as an intramole-

82cular (47Ts + 27rs) cycloaddition [see Chapter 3], The intramolecular 
Diels-Alder (IMDA) reaction has been used in the synthesis of a large
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OSiMe,Bu

(181)

HF, H,o 
CH,CN CrOj. pyridine

(8 3 )

Scheme 45

118number of natural products and usually occurs with a high degree of
control over the regiochemistry and stereochemistry.

38In previous studies frcm this laboratory the cyclisation of the 
trienone (51) to the tricyclic ketone (50) was performed using diethyl- 
aluminium chloride as a catalyst. The IMDA reaction produced (50) with 

the same stereochemistry at C-1, C-3 and C-8 as the taxane natural 
products.

0
SO

Small scale test reactions using diisobutylaluminium chloride to 
catalyse the IMDA reaction of the trienone (83) failed to produce an 
identifiable product. The t.l.c. of the products formed in the reaction 
showed a considerable amount of streaking and a heavy base line spot. 
Attention was turned to boron trifluoride etherate as the catalyst since 
this Lewis acid had been used to promote the Diels-Alder reaction between 

diene (88) and acrolein in Chapter 3. After a number of test reactions 
it appeared from t.l.c. that a new product was being formed in the 
reaction of trienone (83) and boron trifluoride etherate at -40°C for 24h, 
Scaling up the reaction enabled the isolation of the tricyclic ketone
(82) as a colourless oil in 58% yield. The high field [Figure 14]
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and n.m.r., together with other spectroscopic evidence was in accord 
with the cyclised product. The overall yield of the sequence fran the

0
( 8 2  )( 8 3  )

aldehyde (84) to the tricyclic ketone (82) was a respectable 13%.
There are two possible diastereoisoners that could have been formed 

in the cyclisation of (83); the required product (82) and (186) vhich 
has the wrong configuration at C-1 canpared to the natural taxanes. The

( 8 2  ) ( 1 8 6 )

stereochemistry of the product fran the IMDA reaction of the trienone
(83) was assigned to be that shown for structure (82) . The main evidence 
for this lies with extensive n.m.r. studies performed on the tricyclic 
product. The majority of the proton signals in the n.m.r. were 
assigned with the help of a COSY spectra, Figure 15. Having assigned the 
proton resonances, extensive n.O.e. studies were then carried out and 
sane of the results are shown in Figure 16. By examination of models of 

the two possible isoners it was apparent that these n.O.e. results could 
only be explained for the structure (82) . Probably the most important 
n.O.e. observed was that between the proton at C-3 and the methyl group 
at C-12 v îich would be expected for the structure (82) but not for the 
structure (186).

The stereochemical outcome of the cyclisation can also be predicted 
theoretically. Calculations, together with X-ray and n.m.r. work have
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55%

Figure 16

shown that in simple eyelo-octanes the chair-boat conformation is
preferred over the twist chair-boat conformation by approximately 

422 kcal/mol. This fact and by analogy with the cyclisation of trienone
(51) , it would be predicted that the IMDA reaction would take place
via the preferred chair-boat conformation, Figure 17, rather than via
the twist chair-boat conformation. Figure 18. From models the inclusion
of the methyl groups did not appear to add any serious steric interaction
in the chair-boat transition state, whereas the twist chair-boat transi-

Me

( 9 2  ) c h a i r - b o a f
Figure 17
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Me

le Me

( 1 0 6 )  tw is t  c h a i r - b o a t

Figure 18

tion state does not seen to acconnodate these methyls as well.
Hence, by the use of selenium chemistry to control the regiochenistry 

in the formation of highly substituted butadienes, it has been possible 
to prepare the tricyclic ketone (82) with the same carbon framework and 
stereochemistry as the naturally occurring taxanes. Attention was 
turned next to the preparation of taxinine (2) ccnplete with all its 
oxygen functionality.
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CHRPTER 5
The Use of Carbohydrate Precursors 

in the Synthesis of Taxinine (2)



5 .1  HSITRODUCriON

The high degree of oxygenation in the taxane group of natural
products^ suggested that a carbohydrate might be useful as a precursor
in the total synthesis. A key step in the route to taxinine (2) (Schene
48) is the Robinson annulation^^^ which involves the Michael addition
of an enolate to an a , g-unsaturated ketone then subsequent cyclisation.

Set out below is a brief review of the existing work on carbohydrate

derived enolates.
Examination of the literature revealed that sugar enolates had not

been studied extensively. The first exartple of an a -méthylation of a
120sugar ketone was reported by Butterworth et a]^ This used barium

oxide to deprotonate the carbohydrate ketone (187) v^ch was then
120methylated with methyl iodide to produce the ketone (188) .

OMe

BaO

Mel
DMF

OMe
(187 ) (1 8 8)

Subsequently Klemer and Rodmeyer,^^^ and Horton and Weckerle^^^ donon-
strated that the lithium enolate (189) was generated by the reaction of
dibenzylidene protected sugar (190) with n-butyllithium. After wcrk-up
the ketone (191) was produced in 70% yield.

123More recently Chapleur utilised the enolate (189) generated by
similar means and reacted it with a number of electrophiles Wiich gave
alkylated derivatives of the type (192) . Treatment of the ketone (192)

with lithium di-isopropylamide (IDA) generated an enolate and enabled
further alkylation with a second electrophile. Spectroscopic evidence

123suggested that the second group was in an axial position, Schene 46. 
Shortly after this work was published Fraser-Reid and Tsang^^^ also
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BuLi0

OMe
1190)

Ph /'
0
Li

1 8 9 )

OMe

H,0

Ph

OMe
(1 9 1 )

/ ' r ’x

Li

(1 8 9 )

OMe

OMe
(192)

1) IDA

2) R̂ X

OMe

Scheme 46

used the enolate (189) generated as above or by deprotonation of the 

ketone (191) with lithium hexamethyldisilazide. The resulting enolate 
(189) reacted, with methyl chloroformate or chlorcmethyl methyl ether, 
via oxygen to yield the enol ether (193) . With a number of other 
acylating agents no reaction was observed.

It is worth noting that 8 - elimination products were not reported in
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Li R
( 1 8 9 ) (1 9 3 )

R =CO,Me or CH,OCH,

any of the above c a s e s . T h e  elimination of methoxide frcm the 
enolate (189) to give the enone (194) would be an example of a 8-elimina
tion.

,0,

Ph

0
Li

OMe

Ph

0
(189 ) (194)

125In a recent series of papers by Klaner et a^,, carbohydrate 
enolates were prepared frcm the corresponding ketone using LDA, then 
alkylated with methyl iodide. Alkylation took place on carbon and/or 
oxygen depending on the nature of the enolate and on the reaction con
ditions used. In these studies g-elimination of the enolate is sometimes 
observed as the major product. For example, the deprotonation of the 
ketone (195) using LDA in THF results in the enolate (196) which then 
undergoes preferential 8-elimination to give the a , 8-unsaturated ketone

(197) as the major product. 126

L D A

OMe

Ph /°\ 

R Li
A

NHR

(195) (196) (197)
127In a recent development the carbohydrate enolate (189) , prepared 

frcm dibenzylidene protected sugar (190), was reacted with acetaldehyde 
to give the aldol product (198) . Treatment of this with methanesulphonyl-
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chloride in pyridine gave a,3-unsaturated ketone (199). This ketone
(199) could then be reacted in a reverse electron demand hetero Diels-
Alder reaction with the enol ether (200) , in the presence of Eu (fed) 3 ,
to produce the dihydropyran (201) . This sequence was carried out with
ccnplete control over stereospecificity and creation of the new chiral

127centres, Schene 47.

128

P h - ^ O ^  /

109)

OMe

CH3CHO Ph

OMe

1190)

OMe
Ph

TsCl
pyridine

199 )

(200)
Eu( fod).3

OMeOMe

I 201)

fod = 1.1,1, 2,2.3.3 -  hepfafluoro-7,7 -dimefhylocfane- 4 ,6 - dionafe

Scheme 47

Fraser-Reid et a ^  had already shown the viability of the Diels- 
Alder reaction using sugar enones to produce cyclohexeno pyranosides. 

It was hoped that the proposed Robinson annulation would provide a 
conplanentary method for the preparation of highly functionalised 

cyclohexenones.

129

5.2 INITIAL STUDIES USING g-METHYLGALACTOPYRANQSIDE (207)
Having been successful in the synthesis of model taxane ring system 

(82) [Chapter 4] the next goal was the synthesis of taxinine (2) with all 
its functionality. The retrosynthetic analysis in Scheme 48 illustrates
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OAc OAc

PhH
OAc

 ̂  ̂ Taxinine ( 2 )

the proposed strategy for the construction of taxinine (2) . The
sequence continues to use the intramolecular Diels-Alder approach. It
was hoped that the additional functionality could be acccmnodated by the
cyclisation conditions used in the formation of (82) . It was thought
that the diene (202) could be constructed frcm the aldehyde (203) using
the selenium directed diene synthesis developed in Chapter 4. Inserting
arbitrary numbers to structure (203) suggested that carbons 1-6 could be
available frcm a carbohydrate precursor. Construction of the cyclohexane
ring by a Robinson annulation led back to structure (204) vdiich, in
turn, could be derived frcm an aldohexose. Galactose has the required
configuration for C-4 and C-5 and it was therefore considered as a
practical starting material.

One of the problons during the early stages in the proposed route was
the introduction of a methyl group at C-3 of the sugar. This process
was known to be well documented in the glucose series and involved the

130opening of an epoxide with methyl magnesium chloride. The equivalent
131sequence for galactose is known as far as the epoxide (205). This

131 132epoxide has been opened by a range of nucleophiles ' but apparently

not organcmetallic reagents. The epoxide (205) has been reacted with
133p-thiocresolate to give the diaxially opened alcohol (206). The talo 

epoxide (205) was required since diaxial opening would give the methyl 
functionality in the C-3 position and oxygen in the C-2 position. It 
was thought that the precursor to the Robinson annulation could be
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Ph Ph

OMeOMe

(205)
prepared as outlined in Schene 49.

Ph

OMe
HO

OH

206)

PhCHO-►
OMeZnCl HO

OH

1) TsCl. 
pyridinê

2) NaOMe 
dioxane

(207) (208)

Ph Ph Ph

OMe

(205)

OMe

(209)

rA-'-'O

(210)
Scheme 49

OMe

Hence, coimercially available g-galactopyranoside (207) was reac±ed
with benzaldehyde in the presence of zinc chloride, according to
literature, to yield the benzylidene protected $ -galactopyranoside
(208) . The anhydro-8-taloside (205) was then prepared via the ditosylate 

131according to Frahn without contamination with the anhydro - 8 -gulos ide. 
It was for this reason that the 8-galactopyranoside (207) was chosen for
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the starting material rather than the cheaper a-galactopyranoside vhich
131gives a mixture of the anhydro-a-gulo and a-talo pyranosides.

The next stage required the opening of the epoxide (205) with methyl
Grignard. Following a similar procedure as described for the opening

130of a glucose derived epoxide, the anhydro-8-taloside (205) was
refluxed with a ten-fold excess of méthylmagnésium chloride in ether. 

After 1 week t.l.c. showed the disappearance of starting material. The 

mixture was then worked-up and the 8-idoside (209) was isolated in poor 
yield (45%) , together with two additional unidentified products which 
were not separable fran each other by flash chranatography. Micro- 
analytical data and spectroscopic evidence was in accord with the 
structure proposed for (209) . The small coupling constants in the 
n.m.r. for H-2, H-3 and H-4 were consistent with diaxial opening of the 
epoxide (205).

Attonpts to oxidise (209) by a Swern oxidation,using conditions
135described by Yoshimura et for the general oxidation of carbo

hydrate alcohols, failed and only starting material (209) was recovered 
despite increasing the reaction time frcm ^h to 3h. Owing to the poor 
yield in the preparation of (209) and the reluctance of it to undergo
oxidation to the ketone (210) , it was felt more advantageous to pursue

130the more precedented glucose route.

5.3 THE PREPARATION OF THE GLUCOSE DERIVED KETONE (213)
Glucose differs frcm galactose by having the opposite configuration 

at the C-4 hydroxyl. Referring back to the retrosynthetic analysis, 
Schene 48, C-4 of the carbohydrate will ultimately be position C-9 in 
taxinine (2) . Hence, the use of glucose throughout the synthesis would 

lead to C-9 having the wrong configuration. There exists, however, the
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CHO CHO

HO
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- O H

CH^OH

HO
HO

OH

OH

CH.OH

Glucose Galactose

opportunity to correct this problem at a stage soon after the Robinson 
annulation. This could be achieved by inverting the C-4 hydroxyl con
figuration by means of the Mitsunobu reaction. For example, the 
inversion could be carried out on an intermediate of type (211). The 
first step would be the deprotection of the benzylidene group with 
hydrogen on palladium then selective protection of the primary alcohol 
functionality. Finally, treatment with diethyl azodicarboxylate, tri- 
phenylphosphine and acetic acid^^® would cause inversion at C-4 to 
produce the carbohydrate derivative (212).

X .OMe
Me

(211)

R SiO 
AcO

Me ""
1) H;Pd
2) RaSiCI, base

3) E*02C-N=N-C0gEt 
PPhg. CH3CO2H

(212)
The approach using the glucose precursor was similar to that initiated

in the galactose series but had literature precedent for the preparation
130of the a-arabino ulose (213) , Schene 50. The anhydro-a-mannoside

(214) was prepared according to the literature by treatment of the
benzylidene protected a-methyl pyranoside (215) with sodium hydride and

137N- p- toly Isulphony limidazole. The preparation of N-p- toly 1 sulphonyl -
imidazole was achieved by the reaction of p-tolylsulphonylchloride with
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HO

OMe(215)

1) NaH  »
2) N-TosyI imidazole

Ph MeMgCI
A  2 weeks

OMe

(216:

1) MejSO. CHjClj 
(CF,CO),O.Et,N̂

2) EtjN. DMF

OMe

Scheme SO

Ph

OMe
(213)

137imidazole. Using the above procedure it was possible to prepare
exclusively the anhydro-a-mannoside (214) since tosylation takes place

137solely on the C-2 hydroxyl.
The epoxide (214) can be opened by a number of organcmetallic nucleo-

138 139 140philes; alkyl Grignards, alkyl lithiums and dimethyl cuprates.
130The best method appeared to iDe that of Pougny and Sinay and, indeed, 

when the epoxide (214) was reacted with sixteen equivalents of méthyl
magnésium chloride in ether under reflux for 2 weeks, the a-altroside
(216) was formed in an essentially quantitative yield. The crude a- 
altroside (216) was oxidised using trifluoroacetic anhydride, dimethyl-
sulphcxide and triethylamine to give a ketone with the methyl group

130 135initially in an axial position. ' Treatment of the initial product
with triethylamine in dimethylformamide cause épimérisation of the axial
methyl group to the conformationally preferred ketone (213) with an
equatorial methyl group. Hence, a-arabino ulose (213) was produced as

1 ina white crystalline solid.

5.4 ENOIATE REACTIONS OF THE KETONE (213)
The reactions of carbohydrate derived enolates have not been explored 

widely [see Introduction 5.1] chiefly because of their instability and
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123 126tendency to undergo g - elimination. ’ It was therefore considered
vorthv^ile Investigating sane simple alkylations of the enolate derived 
fran the ketone (213) before attenpting the Robinson annulation. The 
alkylation of the enolate could take place on carbon to give the ketone
(217) or on oxygen to give the enol ether (218).

or

0

OMe

1) LDA

2) RX OMe
(2 1 7 )

(2 1 3 ) _/ 
"'Tv  \

Op OMe

(2 1 8 )

Initial studies were directed at enolising the ketone (213) using 
LDA and trapping the resultant enolate with TMS chloride. Confusion 
arose initially since the product isolated contained the TMS group as 
shown by a signal in its n.m.r. However, v^en (213) was treated with 

LDA and then quenched with water, rather than starting material being 
recovered, a mixture of the axial and equatorial alcohols (219) and (220) 
was obtained, via a reduction of the carbonyl group by the LDA. The tWD 
isaners were inseparable by t.l.c. but by n.m.r. were in a ratio of 
4:1. The major product was assigned to be the one with the equatorial

OMe

OH

OMe
1

OMe( 213 ) (220) (219)

hydroxyl (220) on the basis of larger coupling constants between H-1 and 
H-2 (3.7 Hz) in the Ĥ n.m.r. The coupling constant between H-1 and H-2
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in (219) was only 1.4 Hz. It seems likely therefore, that the product
isolated when trapping the "enolate" with TMS chloride was in fact the
siloxy ether rather than the TMS enol ether.

Initial surprise at this result gave way at the discovery of a
literature precedent which exists for the reduction of enolisable a-halo

141and a-methoxy ketones, together with non-enolisable ketones by LDA.
The reaction of bicycloheptan-2-one (221) with LDA followed by TMS

141chloride gave, exclusively, the silcxy ether (222). In previous

1) LDA - O S iM e
OMe2)ClSiMe

(222)
H

(2 2 1 )
123 125 126work ' ’ on carbohydrate enolates generated by the use of LDA,

no problems of reduction appear to have been encountered. The mechanism 
is considered to be a nitrogen analogue of the Meerwein-Ponndorf-Verley 
reduction. Figure 19. For this reduction to take place, the amide base

OLi

A
F ig u re  19

must have an a-hydrogen, so it was considered to be possible to overccme 
this problem by the use of either lithium hexamethyldisilazide or lithium 

2,2,6,6-tetramethylpiperidide (LTMP) as the base.
Extensive work revealed that the ketone (213) could be deprotonated 

with LTMP in ether; the enolate (223) was then trapped with TMS chloride 
to furnish the enol ether (224) . It was also found that the enol ether

(224) could be prepared if the ketone (213) was subjected to the same
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Ph'

OMe
(213  )

,0
LTMP_ Ph/Vo-^ _/

. .
Li

(223 )

ClSiMej /
MCjSiO OMe

( 2 2 4 )

conditions used for its épimérisation, Scheme 50, but in the presence 
of TMS chloride.

An interesting digression, at this point, was considered concerning 
the reaction of the enol ether (224) with m-CPBA. TMS enol ethers are 
known to react with m-CPBA to give protected a-hydroxy k e t o n e s . A n  
example is shown by the reaction of the silyl enol ether (225) with 
m-CPBA to yield the a-siloxy ketone (226) This transformation would

Me^SiO H
\ / m ^ C P B ^

Ph Me Ph
Me

(2 2 5 )  (2 2 6 )

be of use in carbohydrate chemistry as it would add additional function
ality but maintain a differentiation between the hydroxyl groups.

When the TMS enol ether (224) was treated with m-CPBA, in dichloro- 
methane, the product was isolated as one spot by t.l.c. but n.m.r. 
showed it to be a mixture of iscmers in a ratio of 6:1. n.m.r. was 
in accord with the expected siloxy ketones (227) and (228) hut from the 
evidence available it was not possible to determine which isoner was the 
major one. On steric grounds it might be expected that the 6-face would 
be preferentially attacked producing the corresponding siloxy ketone (228)
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Ph

Me,SiO OMe

(224)

Ph

OSiMe, OMe 

(2 2 7 )
m-CPBA

OMe
(228  )

Obviously more work could have been carried out to determine the con
figuration of the products and possible improvonent of the ratio but as 
a digression, it was not considered to be of crucial relevance, so 
attention was directed back to the enolate (223).

If the enolate (223) was generated by use of LTMP in ether and an 
excess of methyliodide added, the enolate remained unreactive, even at 
roan temperature. The addition of TMS chloride to the same solution 
resulted in the trapping of the enolate (223) to form the enol ether 
(224) . It was therefore apparent that the enolate was being formed; it 
was not decanposing but did not react under these conditions. After 
considerable experimentation it was found that removal of the ether as 
the solvent fran the enolate solution, by means of a vacuum pump, and 
replacing it by THF, followed by the addition of excess methyl iodide 

(7 equivalents) and HMPA (% equivalent) resulted in the enolate (223) 
being alkylated on carbon to give the dial)<yl carbohydrate (229) in 
respectable yield (57%). Solvent studies showed that it was better to 
generate the enolate (223) in ether then change the solvent to THF rather 
than try to form the enolate (223) directly in THF.
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(213)

LTMP
EtjO ► Ph

OMe

= / '
-E t,0

0 OMe Mel 
Li

(223)

Ph

OMe

(229)

Under similar conditions the enolate (223) reacted with benzyl 
bromide to produce, after work-up, a crystalline solid with n.m.r. and 
i.r. data consistent with the 0-alky lated product (230). The 0-alky la-

/\
OMe

CH,Ph

(230 )
123tion appeared to contradict the C-alkylation observed by Chapleur* when 

the ketone (231) was treated with IDA then alkylated with benzyl bromide 
to give the dialkyIketone (232) . There appears no obvious explanation

Ph

OMe

DLDA
THF Ph'

OMe

(231) (2 3 2 )
as to why this difference occurs, as both reactions used THF as the
solvent and both had HMPA as a cosolvent (HMPA accelerates the rate of

144alkylation but also pranotes 0-alkylation ).

In order to prove whether the new methyl group in the ketone (229) 
had an equatorial or axial orientation the enolate (223) was alkylated

— 8 8 “



witli [̂ Ih] mebhyl iodide. n.m.r. revealed the absence of the signal
at 61.33 which corresponds to one of the methyl groups. This indicated

145tliat only one of the two alternatives had been formed. Schane 51 
shows how electrophilic attack can occur on the two faces of the cyclo- 
hexane enolate (233). The product (234), with tJie electrophile in an 
axial position, arises via a postulated chair-like transition state 
wJiich is presumed to be preferred to the boat-like tr ainsi tion state which 
leads to the ketone (235) with the electrophile in an equatorial

E(

" I ®
/ ?

R ! OMi®
El (233)

©
(234)

C4

El

Scheme 51

t-CA

235)

145position.^'" It was therefore predicted that the product fran the 
alkylation of tlie enolate (223) witli [̂ 113] methyl iodide would have the 

[̂ 1(3 ] metliyl group in an axial position, Figure 20. N.O.e. were observed 
between tiie metliyl at 61.25 and H-4 at 63.54 (5%) and hjetween II-5 at 
64.28 and II- 6 eq. at 4.41, Figure 20, crucially no n.O.e. was measured 
from the methyl signal at 61.25 and II-5. This evidence strongly supports 
the predicted product (236) which results fran axial attack of the
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enolate (223).

/ \ ^ 0  I \ 5V.Ph

OMe

(2 3 6 )

Figure 20

5.5 THE ROBINSON ANNULATION OF A CARBOHYDRATE DERIVATIVE
Confident that LTMP provided a reliable method for generation of

enolate (223), attention wais turned to the Robinson annulation. The
119original Robinson annulation involves a base-catalysed Michael

addition of a ketone to methyl vinyl ketone followed by acid or base-
146catalysed aldol condensation. Scheme 52

B
‘0

There are two major problems

CXn in CtjL

OH

BH

ET BH

Scheme 52

with methyl vinyl ketone; firstly its tendency to polymerise, especially 
in the presence of strongly basic enolates. This problan was largely 
overccme by the generation of methyl vinyl ketone m  situ. The second 
problem stems fran the fact that the generation of the methyl vinyl ketone 
in situ relies on an equilibrium process and cannot therefore be used for
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regiospecifically generated enolates. Both problems were simultaneously 
and independently surmounted by Stork et and by Boeckman,^^® by
the use of the a-silyl enone (237) . The silyl group in the enone (237)

0
Me^Si

( 2 3 7 )

stabilises the initial negative charge formed by the addition of the
enolate ion to the enone. It also provides a large steric bulk which
slows down anionic polymerisation.The use of the silyl enone (237)
in the Robinson annulation is illustrated by the reaction of the enolate

147(238) with the enone (239) to produce the decenone (53) . Yields of 
cyclised product using this method are typically over 60%.

OLi

y " - -

(2 3 8 )  (2 3 9 )  ( 53  ) 7 0 %

Before preparing the a-silyl enone (237) it was thought that it was 
worthwhile to try the reaction of the enolate (223) with methyl vinyl 
ketone. T.l.c. of the product showed a large number of spots and so 
this was not pursued any further.

0
P h A - o - - \  / \  (T^

^  ^  Mixture ofproducts
0  OMe 
Li

( 223)

The a-silyl enone (237) was prepared according to literature proced
ures, Schone 53.^^^'^^^ Trichlorovinyl silane (240) was braninated with 
branine in carbon tetrachloride followed by dehydrobrcmination with
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'' 2) Quindine " "
(2 4 0 )  (2 4 1 )  (2 4 2 )

OH

2) CHXHO

0
CrO. M e,S i

+.
H ;5 0 ,
(CH ) CO

" (2 3 7 )

Scheme 53

quinoline to give the vinyl silane (241) . Reaction of (241) with three 

equivalents of méthylmagnésium iodide furnished the branovinyl trimethyl-
1 4Qsilane (242) . Reaction of the Grignard of (242) with acetaldehyde 

gave the but enol (243) and this crude reaction mixture was then oxidised 

to produce the a-silyl enone (237) which had i.r. and n.m.r. spectra 
in accordance with the literature.

The enolate (223) was generated in the usual way in ether as the 
solvent and, rather than change to THF, the enolate solution was merely 
concentrated by removing approximately half the ether volume. The 
silyl enone (237) was added, at -78°C and then the mixture slowly allowed 
to warm to roan tanperature, followed by continued stirring for Ih. After 
work-up and flash chranatography (on sane occasions it was found unnecess
ary to purify) an intermediate (244) was isolated. This initial product 
gave spectra consistent with Michael addition of the enolate (223) to the 
enone (237) followed by 0-cyclisation of the resulting enolate (245) back 

onto the carbonyl of the original sugar ketone, Schone 54. At this stage 
it was not known whether axial or equatorial attack had taken place but 
fran high-field n.m.r. it appeared that only one isoner had been formed. 
Reaction of (244) with 4% aqueous potassium hydroxide in methanol for 6h,
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Me,Si
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Ph LiTMP

OMe

h ^ o - X  ■ _ / \

0 OMe
Li

(223

Ph

OMe

(245) (244)

Ph
MeOH
KOH aq 
80*. 6h

OMe

0
(246)

Scheme 54

at 80°C, furnished the Robinson annulation product (246) in 58% overall 
yield fran (213) . Despite attenpts to crystallise (246) it remained a 
waxy oil, which made it necessary to determine the stereochonistry at 
C-3 using n.m.r. techniques. The high-field [Figure 21] and 
n.m.r. together with other spectroscopic evidence was in accord with the 
product (246) . The stereochemistry at the C-3 position was determined 

by n.O.e. experiments, Figure 22 shows the results of these n.O.e. 
studies. The important n.O.e. observed between H-5 and the C-3 methyl 
group suggested that the two were axial and that the new ring was in an 
equatorial position. This configuration of the C-3 centre in the enone
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OMe

H

5%

Figure 22

(246) is the same as is required for C-8 in taxinine (2) . The stereo- 
chanistry of the enone (246) was later confirmed by an X-ray crystal 
structure of a derivative of this conpound, Figure 23 and Appendix 1.

It therefore appeared that the enone (246) resulted frcm equatorial 
attack of the a-silyl enone (237) to the enolate (223). The equatorial 
attack leading to the Robinson annulation product was the opposite to 
that observed for the méthylation with [̂ Hg] methyl iodide. Figure 20.
A possible reason for this could be that the reaction of the enolate 
(223) with methyl iodide cannot be reversible vhereas it is possible 
that in the case of the a-silyl enone (237) the reaction may be reversible 
and so lead to a thermodynamic product. Also the two reactions were 
carried out in different solvent and it is possible that changes in the 
degree of association and aggregation of the enolate (223) might influence 
the stereochonistry,^^^ although it seans unlikely that this would have 
such a pronounced effect.

5.6 FURTHER REACTIONS OF THE ENONE (246)
With a reliable route to the enone (246), the next stage in the 

synthesis of taxinine (2), Schone 48, required reduction of the double 
bond to give specifically a trans ring junction and to regiospecifically
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introduce functionality vdiich could be converted to an exocyclic 
methylene.

39Stork et a^. has studied the lithium in antnonia reduction of the 
39octalone (53) . This method regiospecifically generates the enolate 

which can be trapped with TMS chloride to give the enol ether (52) , The 

enolate can then be regenerated with methyllithium and reacted with the
required electrophile, Scheme 55.

1) L i,N H a

39

2) Me.SiCI

Initial small scale attempts at

1) MgLî
2) E

(5 3 )

H

( 52 I 

Scheme 55

reacting the enone (246) with lithium in amnonia followed by trapping 
of the enolate with TMS chloride proved unsuccessful and no identifiable 
products could be isolated. The lithium in amnonia conditions used can 
also remove the benzylidene protecting group so this may account for 
sane of the problems encountered here.

Recently Stork and Sofia published a more satisfactory procedure 
to perform a similar conversion but using an ally lie alcohol rather than 
an enone, Scheme 56. This leads to the regiospecific introduction of a

OBu
BrCH,5i(CH^)^8r

a) Bu'OK 
DMSO

b) KF. DMF 
H,0

a ib n

H SnBu-

Si

Scheme 56
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methyl group adjacent to the hydroxyl group and stereochemically cis to 
it and the addition of a hydrogen to the double bond but on the opposite 
face to the hydroxyl group. The application of this procedure to the 
ally lie alcohol (247) , derived frcm the Robinson annulation product
(246) , would lead directly to the diol (248).

OMe

OH

OMe

(2 4 8 )(247)

It was considered possible that the ally lie alcohol (247) could be 
prepared by reduction of the enone (246). Obviously the reducing agent 
could attack frcm either the a or 3 face but models seaned to show that 
the a-face was more sterically hindered by the axial methyl and methoxy 
groups. Three hindered reducing agents were tried; diisofautylaluminium 
hydride (DIBAH)9-borabicyclo[3.3.1]nonane (9-BBN)^^^ and L-select-
ride. 154 The treatment of the enone (246) with DIBAH, at -78°C,

OMe

0

Ph

OMe
OH

(247)
+

(246 )

OMe

resulted in the reduction of the ketone functionality to yield the 
ally lie alcohols (247) and (249). The high-field n.m.r. showed the
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product to be a mixture of epimers at the hydrojQ^l position in a ratio 
of 3.4:1. The reduction using 9-BBN improved the ratio of (247) : (249) 
to 5:1 but the best result was obtained using L-selectride in THF, at 
-78°C, where the ratio was approximately 30:1. It was possible to 
crystallise the product frcm the selectride reduction and after one 
recrystallisation frcm 60-80 petroleum ether the n.m.r. showed only 

the major product. A crystal of the ally lie alcohol (247), which was 

suitable for an X-ray crystal structure was obtained and the result of 
the X-ray structure is shown in Figure 23 [see also Appendix 1]. The 
X-ray structure confirms that the alcohol functionality is on the 
required a-face. The result also confirms the stereochemistry of the 
Robinson annulation product (246) to be that already predicted from the 
n.m.r. studies.

Unfortunately at this exciting stage time elapsed and it was not 
possible to carry out the reductive hydroxymethylenation. ̂ ^ ̂ Should 
this reductive hydroxymethylenation be successful the product (248) 
could, after a deprotection, reprotection sequence, incorporating an 
inversion of configuration at C-4 and C-2', be converted to the aldehyde 
(250). By making use of the selenium directed diene synthesis in a 
similar type of conversion as that already used in Chapter 4, it ought 

to be possible to produce the Diels-Alder precursor (251). It is 
predicted that the intramolecular Diels-Alder reaction would then proceed 

to produce the tricyclic ketone (252) as a single iscmer and hence 
virtually ccirplete the total synthesis of taxinine (2), Schene 57.
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EXPERIMENTAL
All 90 MHz n.m.r. spectra were recorded on a Varian EM-390 

spectraneter. High-field Ĥ n.m.r. (300 MHz) and n.m.r. (75 MHz) 
spectra were recorded on a Broker AM-300 spectrometer at the University 
of Leicester. Ĥ n.m.r. (400 MHz) and n.m.r. (100 MHz) spectra

were recorded using the high-field n.m.r. service at the University of 
Warwick. The n.m.r. (24 MHz) spectra were recorded on a Jeol JWM- 
FX-60 spectraneter. Accurate mass measurements were made at the SERC 
mass spectrometry centre, University College of Swansea and standard 
mass spectra were recorded on a micranass 16B spectrometer. Elemental 
analysis was carried out by CHN Analysis, Wigston, Leicester or 
Butterworth Laboratories, Teddington, Middlesex. Infra-red spectra 
were recorded on a Perkin-Elmer 298 spectraneter and ultra-violet spectra 
on a Shimadzu UV-240 spectraneter. Melting points were determined on a 
Kofler hotstage and are uncorrected.

Flash chranatography was carried out according to the method of 
Still et al^^ using silica gel manufactured by Merck & CO., Kiesel 60, 
230-400 mesh (ASTM). Purifications by chromatotron were performed using 
model 7924T and Merck & Co. Kieselgel 60 PF254 silica plates. T.l.c. 
was conducted on precoated aluminium sheets (60-254) with a 0.2 nm layer 
thickness, manufactured by Merck & Co.

The concentration of the n-butyllithium was determined by back 
titration with 0.1 M hydrochloric acid fran solutions in dibronoethane 
and water using phenolphthalein as an indicator.

Petroleum ether refers to the 40-60°C fraction and all petroleum ether 
and ethyl acetate was distilled prior to use. THF, DME, toluene and

W. C. still, M. Kahn and A. Mitra, J. Org. Chem.. 1978, 43, 2923.
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dioxane were distilled fran sodium metal in the presence of benzophen- 
one. Ether refers to diethyl ether and was distilled fran LiAlH,*. 
Dichloronethane, triethylamine, dimethylsulphoxide and pyridine were 
distilled from powdered calcium hydride and trimethylsilylchloride 
was distilled immediately prior to use frcm tributylamine. Methanol 
and ethanol were distilled fran magnesium and iodine.

Superscripts in the experimental text refer to notes at the end of 
the experiment and not to the main references.
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Preparation of 2-mebIiyl-5-phenyl-l-penben-3-ol (253)^

OH 

P h

(253)
2-Dromopropene (0.89 g , 7.4 nmol) in llIF (9 ml) was added to 

magnesium turnings (0.18 g , 7.5 nmol) in THF (1 ml) , under nitrogen, 
at sucli a rate so as to maintain a gentle reflux. After tlie addition 

the mixture was refluxed for a further Ih then cooled in ice and 3- 
phenylpropanal (1 g , 7.4 nmol) was slowly added in THF (5 ml). After 
a furtlier ^h the mixture was poured into a saturated aqueous solution 
of Mill,Cl (75 ml) and extracted with ether (3 x 50 ml) . The extracts 

were canbined and dried (MgSOi,). The solvent was removed i^ vacuo and 
after flash chrcmatography (7:1 petroleum ether-etiier) 2-methyl-5- 
phenyl-l-penten-3-ol (253)* was obtained as a colourless oil (0.7 g, 
53%) .

Rf 0.35 (7:1 petroleum ether-ether);
Vmax (film) 3400brs(OH), 3080m, 3060m, 3025m, 2945s, 2860m, 1650w, 
1604m, 1495m, 1450s, 1060brs, 1030s, 900s, 700s;
6h (90 MHz; CDCI3) 1.5 (IH, s, OH), 1.72 (311, s. Me-2) overlapping 
1.7-1.95 (211, m, H-4), 2.58-2.76 (2H, m, H-5), 4.05 (IH, t, J = 6Hz, 
H-3), 4.85 (IH, brs, H-1), 4.93 (IH, brs, H-1), 7.18 (5H, s, CgHg).

Notes
1. Known ccmpound see Ref. 155.
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Preparation of 2-metliyl-5-phenyl-l-penten-3-one (89)^

?" 0

(253) '®”
2Cliromium trioxide (2.39 g , 23.9 rrmol) was added to a stirred 

solution of pyridine (3.86 ml, 47.7 irmol) in dichlorcmethane (60 ml) 
under nitrogen. Rapid stirring was continued for at rocm temperature

3to produce a deep red solution. 2-Methyl-5-phenyl-l-penten-3-ol (253)
(0.7 g, 4.0 mmol) in dichlorcmethane (5 ml) was added in one portion, 
the solution immediately turned brown. After approximately 5 min. the 

mixture was filtered through a short silica column and the chromiim 
residues washed witli etlier (2 x 7 5  ml) . The solvent was removed 1^ vacuo 
and after flash chrcmatography (2 0 : 1  petroleum ether-ether) 2 -methyl-5- 
phenyl-l-penten-3-one (89)^ was obtained as a colourless oil (0.48 g,
69%) .

Rf 0.40 (20:1 petroleum ether-ether); 
vmax (film) 3080w, 3060w, 3020m, 2950m, 2920m, 1675s(C=0), 1630m, 1602w, 
1490m, 1450s, 1410m, 1368m, 1312w, 1090m, 1070m, 1030m, 935m, 75(Xn, 700s; 

Ô11 (90 MHz; CDCI3 ) 1.83 (311, s, CH3) , 2.90 (4H, s) , 5.68 (IH, s, H-1), 
5.87 (IH, s, H-1), 7.15 (5H, s, CeHs);
m/z 174 (M+, 90), 159(20), 105(30), 111(20), 91(80), 69(90), 41(100).

Notes
1. Known ccmpound see Ref. 156.
2. Dried over P2O 5 at 60°C under vacuum overnight.
3. See Ref. 53.
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Preparation of Isopropyltrip^ienylphosphonium Iodide (254)^
2Triphenylphosphine (31 g, 118 rnnol) and isopropyl iodide (21 g,

124 nmol) were heated together at 100°C for 20h according to the 
literature. The resultant solid was recrystallised from ethanol to 
yield isopropyltriphenylphosphonium iodide (254)^ (40.5 g, 79%).

6h (90 MIIz, CDCI3) 1.3 (611, dd, J =21, 7 Hz), 4.8-5.25 (IH, m) , 7.39-
8.15 (1511, m, 3 x CgIJs) ;
6p (24 MHz, CDCI3 ) 31.87.

Notes
1. Literature procedure see Ref. 157.
2. Recrystallised frcm 60-80 petroleum ether inmediately prior to use.

Preparation of 1-3'-phenyl-1'-propanone-1,2,2-trimethylcyclopropane (91)

0 0 
PhPh

( 8 9  I (91  )

n-Butyllitliium^ (1.3 ml, 3.24 nmol) was added dropwise to a stirred 
solution of isopropyltriphenylphosphoniim iodide (254) (1.4 g, 3.24 
nmol) in dry THF (40 ml) , at rocm temperature, under nitrogen. After a 
further 2h 2-methyl-5-phenyl-2-penten-3-one (89) (0.54 g, 3.08 irmol) was 
added to the deep red coloured solution and the mixture refluxed for Ih. 
The solution was quenched with water and tlie aqueous phase extracted 
with etJier (3 x 50 ml) The ccml^ined ether extracts were dried (MgSOi,) 
and the solvent removed ^  vacuo. After flash chrcmatography (20:1 
petroleum ether-ether) and Kugelrohr distillation (b.p. 120°C at 1 nml^)

1 -3 '-phenyl-1'-propanone-1,2,2-trimethylcyclopropane (91) was obtained
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as a colourless oil (0.3 g, 45%).
Rf 0.6 (20:1 petroleum ether-ether);
C 15II2 0O requires C 83.29%, H 9.32%, N 0.00%,

found C 83.21%, H 9.28%, N 0.00%; .

Umax (filJTi) 3090m, 3065s, 3030s, 3000s, 2950s, 1690s(C=0), 1608s, 1495s, 
1455s, 1410s, 1393s, 1230m, 1190m, 1115s, 1000s, 800s, 750s, 700s;
ÔH (300 MHz; CDCI3) 0.31 (IH, d, J = 4.3 Hz, H-3), 0.89 (3H, s, Olg) ,
1.15 (3H, s, ai3 ), 1.35 (3H, s, 0 1 3 ), 1.46 (IH, d, J = 4.3 Hz, H-3) ,

2.59-2.97 (4H, m) , 7.1-7.3 (511, m, CgH s) ;
6c (75 MHz; CDCI3) 16.84(g), 20.55(g), 21.43(g), 25.79(s, C-2), 26.11(t), 
29.84(t), 36.00(s, C-1), 42.51(t), 125.83(d), 128.25(d), 128.28(d),
141.50(s), 209.20(s);
m/z 216 (M+, 60), 200(10), 173(40), 125(70), 105(70), 91(100), 83(50).

Notes
1. n-Butyllithium was 2.4 M by titration.
2. A white solid insoluble in ether was extracted into dichlorcmethane 

and found to be recovered (254), 6p 31.6.

Preparation of 2,4-dimetliy1-3-2'-phenylethy1-1,3-pentadiene (88)

0
M l

( 0 9  )
Lithium (1.1 g, 150 nmol) was added to a stirred slurry of anhydrous 

titanium trichloride (6.8 g , 43 mmol) in dry DME (60 ml) under argon, 
at rocm temperature. The mixture was refluxed for Ih then cooled and a 
mixture of 2-metliyl-5-phenyl-l-penten-3-one (89) (0.95 g, 5.5 nmol) and 

acetone (1.6 g, 27 nmol) was added in DME (4 ml) . The mixture was

Ph

(80 )
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stirred at rocm temperature for 2h then refluxed for 20h, After the
mixture had been allowed to cool it was filtered and the residue washed
with etlier (2 x 50 ml). The solvent was ranoved ^  vacuo and after 
flash cliromatography^ (petroleum ether) 2,4-dimetliyl-3-2 '-phenylethyl-
1,3-pentadiene (88) was obtained as a colourless oil (15 mg, 1%) .

Rf 0.5 (petroleum ether);

Vmax (filJn) 3070w, 3020m, 2960s, 2920s, 2880s, 1630w, 1603w, 1495m, 
1450s, 1370m, 1260w, 1170w, 895m, 750m, 698s;
6n (300 MHz; CDCI3) 1.62 (3H, s, CH3), 1.68 (3H, s, CH3 ), 1.80 (311, dd, 
J = 1.5, 0.9 Hz, CH3), 2.33-2.41 (2H, m) , 2.57-2.66 (2H, m) , 4.62 (IH,
dq, J =2.7, 0.9 Hz, H-1), 4.98 (IH, dq, J = 2.7, 1.5 Hz, H-1), 7.14-7.31
(7H sliould be 5H, m, CsHs) ;
m/z 200 (M+, 10), 109(30), 91 (30), 67(20), 55(20), 40(100).

Notes
1. A large nimber of polar unidentified products were also formed.
2. The diene (88) was further characterised when prepared by 

alternative means, see p.120.

Preparation of 2-methyl-2-dodecene (99)

CH,(CHJgCHO —
( 9 9 )

Decanal (1.8 g, 11.5 nmol) was added to isopropyl tr ipheny Iphosphorane 
(90) in THF (50 ml) which had been generated frcm isopropyltriphenyl- 
pJiosphonium iodide (254) (5 g, 11.6 mmol) and n-fcutyllithium^ (4.6 ml,
11.5 nmol) see preparation of (91). A white precipitate of triphenyl
phosphine oxide was deposited and after 2h at rocm terperature the
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mixture was poured into water and extracted with ether (3 x 75 ml) .
Each extract was washed with saturated brine solution (30 ml) then 
combined and dried (MgSOi, ) . The solvent was removed ^  vacuo and after 
flash clircmatography (petroleum ether) and Kugelrohr distillation (b.p. 
110°C at 18 mnHg) 1-methyl-2-dodecene (99) was obtained as a colourless 
oil (1.39 g, 67%).

Rf 0.92 (petroleum ether);
Vmax (film) 2960s, 2920s, 2850s, 2725w, 1468m, 1455n, 1375m, 830w, 720w; 
6 h (90 MIIz; CDCI3) 0.88 (3H, brs, CH3) , 1.24 (14H, brs), 1.57 (3H, s, 
CH3), 1.65 (3H, s, CH3), 1.75-2.1 (211, m) , 5.1 (HI, brt, J = 7  Hz) ; 
m/z 182 (M+, 10) 111(10), 98(20), 83(20), 69(100), 56(80).

Notes
1 . n-Butyllithium was 2.5 M by titration.

The reaction of 2-methyl-2-dodecene (99) and acetyl branide in the 
presence of tin (IV) brcmide

+

(100)

Acetyl brcmide (0.11 ml, 1.45 nmol) was added to a stirred solution 
of tin(IV) brcmide (1.22 g, 2.78 nmol) in dry dichlorcmethane (20 ml) 
under nitrogen at -78°C. 2-Methyl-2-dodecene (99) (0.27 g, 1.48 nmol)
was added in dichlorcmethane (5 ml) to the stirred solution then the 
mixture left for 12h at -40°C. The mixture was poured into water and 
neutralised with solid sodium bicarbonate. The aqueous layer was then 
extracted witli ether (2 x 1 0 0  ml) and the extracts washed with a saturated 
brine solution (50 ml). The combined organic extract was dried (MgSO^)
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and the solvent removed ^  vacuo. After purification by flash chromato-
2graphy (20:1 petroleum ether-ether) 2-bromo-2-methyIdodecane (255)

(0.285 g, 46%), 3-(1'-brcmo-1'-methylethyl)-2-dodecanone (100) (34 mg,
36%) and 4-brcmo-3,3-dimethyl-2-tridecanone (101) contaminated with (100) 

(156 mg, 25%) were obtained.

(255)
Rf 0.70 (petroleum ether);

Vmax (film) 2960s, 2920s, 2850s, 1468s, 1385m, 1370s, 1260w, 1148m,
1105m, 820w, 720m;

ÔH (90 MHz; CDCI3) 0.73-0.98 (311, m, CH3) , 1.1-1.58 (18H, m) , 1.72 (6H,
s, 2 XCH3).
m/z 182 (M+ -81, 15) , 154(5), 126(5), 111(5), 98(10), 83(15), 69(100).

(100)
Rf 0.38 (20:1 petroleum ether-ether);

Vmax (film) 2960s, 2930s, 2855s, 1715s(C=0), 1460s, 1390m, 1375s,
1358s, 1220m, 1180m, 1155m, 1125m, 1110s, 820w, 722w;
6h (300 MHz; CDCI3) 0.88 (3H, brt, J =7 Hz, CH3), 1.26 (16H, brs), 1.80 
(311, s, CH3), 1.81 (3H, s, ai3), 2.29 (3H, s, H-1), 3.06 (IH, dd, J =
11.3, 2.9 Hz, H-3);
6c (75 MHz; CDCI3 ) 14.03(g), 22.64(t), 28.19(b), 29.24(t), 29.36(b), 
29.49(t), 29.67(b), 30.35(b), 31.86(b), 31.92(g), 32.37(g), 33.85(g), 
64.67(d, C-3), 66.65(s, C-1'), 210.18(s); 
m/z 224 (M+ -81, 5) , 219(10), 181(5), 166(15), 97(100).

(101) contaminated with (100)
Vmax (filJiO 3075W, 2925s, 2855s, 1715s(C=0) , 1643m, 1468s, 1390m, 1370s, 
1355s, 1220m, 1155m, 1105s, 910m, 898m, 735s;
611 (90 MHz; CDCI3) 0.68-0.92 (3H, m, both iscmers superimposed), 1.25
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(16H(16H, brs, both iscmers superimposed), 1.56 (6H of (101), s, 2 x 0 1 3 ), 
1.781.78 (6H of (100), s, 2 xQIg) , 2.03 (3H of (101), s, H-1) , 2.24 (3H of 
(100(100), s, H-1), 3.0 (III of (100), dd, J = ll, 3 Hz, H-3) , 4.88 (IH of 
(101(101) , brs, H-4);
m/z m/z 224 (M+-81, 5), 219(20), 181(5), 166(60), 111(50), 98(100).

NoteNotes
1. Al. Acetyl brcmide was distilled from N ,N-dimethylani 1 ine under 

n nitrogen.
2. A2. a tentative assignment from the available evidence.
3. R3. Ratio of crude product was about 2:1 (100):(101).

PrepPreparation of 2,3-dibrcmo-2-methyldodecane (256)

Br

( 9 9 )  U56)

B Bromine (0.7 g, 4.38 nmol) in carbon tetrachloride (2 ml) was added 
to a to a stirred solution of 2-methyl- 2-dodecene (99) (0.63 g , 3.47 nmol) 
in cin carbon tetrachloride (5 ml) at room temperature, under nitrogen, 
untiiintil a faint red colouration remained. The mixture was stirred for an 
addiadditional ^h then poured into water and washed with a saturated aqueous 
soluSolution of sodium thiosulphate. The carbon tetrachloride layer was 
driedried (MgSOt, ) and the solvent removed ^  vacuo to yield as a crude 
prodproduct 2,3-dibrcmo-2-meÜiyldodecane (256) (1.12 g, 94%).

R Rf 0.83 (petroleum ether);

Vmax^max (fiJjiO 2955s, 2920s, 2850s, I46&n, 1455n, 1385m, 1370m, 1098s, 
720w/20w;

6h (5h (90 MHz; CDCI3) 0.75-0.98 (3H, m, Ola) , 1.26 (14H, brs), 1.78 (3H, s.
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aia), 1.94 (311, s, aia), 2.0-2.50 (2H, m) , 4.12 (IH, dd, J = 10, 2 Hz, 
H-3) .

Preparation of 3-braTK)-2-methyl-2-dodecene (102)

(256) (102)

Powdered potassium hydroxide (Ig, 17.9 nmol) was added to 2,3- 
dibromo-2-methyldodecane (256) (1.1 g, 3.22 nmol) in metlianol (5 ml).
The mixture was stirred at 85°C under nitrogen for 15 min., after which 
time t.l.c. showed no starting material so the mixture was poured into 
water and extracted with ether (3 x 100 ml). Each extract was washed 
witli a saturated brine solution then combined and dried (MgSOi,). The 
solvent was removed ^  vacuo and after flash chromatography (petroleum 
ether) 3-brcmo-2-methyl-2-dodecene (102) was obtained as a colourless 
oil (0.749 g, 89%).

Rf 0.94 (petroleum ether);
Vmax (film) 2955s, 2920s, 2850s, 1655w, 1465m, 1378w, 1222w, 1133w, 
1112w, 1098w, 720w;
ÔH (90 MHz; CDCI3 ) 0.77-1.0 (3H, m, Qla), 1.28 (12H, brs), 1.36-1.65 
(2H, m), 1.75 (3H, s. Oh), 1.85 (3H, s, Qh) , 2.48 (2H, brt, J = 7.5 Hz, 
H-4) ;
m/z 262, 260 (M+, 15) 180(5), 149(10), 124(5), 110(10), 69(100).
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Preparation of 2 y2-Di(phenylbhio) propane (113)^

OMe .  ySPh

OMe SPh

1113)

2Dry IlCl(g) was passed Üirough a stirred mixture of 2,2-dlmethoxy- 

propane (18 ml, 146 nmol) and thiophenol (30 ml, 293 nmol) for Ih at 
room tanperature. On standing a white crystalline solid formed which 
was recrystallised frcm ethanol to yield 2,2-di(phenylthio)propane (113) 
(26.5 g, 70%), m.p. 55-56°C (lit.^ m.p. 56°C).

6n (90 MIIz; CDCI3 ) 1.5 (6H, s, geminal Œ 3) , 7.1-7.75 (lOH, m, C g H s ) .

Notes
1. Literature procedure, see Refs. 68 and 69.
2. IlCl(g) was dried by passing through H 2SO1, (c).

Preparation of 2-phenylthio-2-trimethylsilylpropane (111)^

SPh -  'S iM e

SPh ^  ^S P h

(113) (111)

Lithium wire^ (0.4 g, 58 nmol) was added to dry THF (50 ml) under 
argon in a 2-neck flask. The mixture was cooled to between -45 and -55°C, 
followed by dropwise addition of 1-dimethylaminonaphthalene (8.69 g , 51 
nmol). After about 10 min. a dark green colour appeared indicating tlie 
formation of litliium dimethylaminonaphthalenide (LCWAN) , and after a 
further 3.5h with rapid stirring at between -45 and -55°C the LDMAN was 
fully formed. The dark green solution was cooled to -78°C and 2,2- 
di(phenyltliio)propane (113) (5,51 g, 21 nmol) was added in THF (10 ml).
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TVfter 15 min., freshly distilled trlmethylsilylchloride^ (2.5 g, 23 
mmol) was added and within 1 min. the following standard work-up 
procedure for reductive lithiations was performed. The reaction was 
quenched with excess water at -78°C. The solvent was removed under 
reduced pressure and tlie residue taken up in ether (250 ml). The ether 

extract was washed twice with 1 M sodium hydroxide (2 x 100 ml), twice 
witli 1 M sulphuric acid (2 x lOO ml) and finally with saturated aqueous 
sodium bicarbonate (100 ml) . The organic extract was dried (MgSOt,) and 
the ether removed ^  vacuo. After flash chrcmatography (petroleum 
etlier) 2-phenyltliio-2-trimethylsilylpropane (111)^ was obtained as a 
colourless oil (3.86 g, 81%).

Rf 0.35 (petroleum ether);
Vmax (fihn) 3080m, 3060m, 2960s, 2860m, 1580w, 147&n, 1440m, 1360m, 
1300w, 1260m, 1250s, 1102m, 1025m, 895m, 840brs, 750s, 705s, 695s;
6h (90 MHz; CDCla)*^ 0.0 (9H, s, SiMeg) , 1.0 (6H, s, geminal CHg) , 7.05-
7.4 (5H, m, CsIJs);
m/z 226 (M+, 60), 151(80), 147(60), 77(100), 73(90).

Notes
1. Literature procedure, see Ref. 68.
2. Squeezed tlirough press immediately prior to use.
3. Distilled from tributylamine under nitrogen.
4. No SUMei, used as internal standard.
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Preparation of 2-mebhyl-5-phenyl-2-trimethylsilyl-3-pentanol (115)

SiMe,

Ph
SPh

SiHe

HO
( 1 1 5 )( 1 1 1 1

LDMAN (18 mmol) was generated as described previously [see preparation 

of (111)] in THF (40ml). 2-Phenylthio-2-trimethylsilylpropane (111)
(1.7 g, 7.6 nmol) was added in THF (6 ml), at -78°C, and stirred for 15 
min. 3-PhenyIpropana 1 (1 g, 7.5 imiol) was added in THF (5 ml) and 
stirring continued for 2 min. at -78°C. After standard wark-up the 
solvent was removed ^  vacuo and the residual oil purified by flash 
chranatography (9:1 petroleum ether-ether) to yield 2-methyl-5-phenyl-2- 
trimetliylsilyl-3-pentanol (115) as a colourless oil (1.1 g, 59%).

Rf 0.3 (9:1 petroleum ether-ether);
CisHgeOGi requires C 71.93%, II 10.46%, N 0.00%, 

found C 71.91%, II 10.26%, N 0.00%;

Vmox (filJiO 3600br(OH) , 3480m, 3080w, 3060m, 3025m, 2960s, 2900s, 2860s, 
1605m, 1498m, 1465m, 1455s, 1405m, 1395m, 1365m, 1250s, 1030m, 950m,
840s, 750s, 700s;
6h (300 MHz; CDCla)^ 0.004 (911, s, Si(ai3 )3 ), 0.85 (3H, s, Ob) , 0.89 (3H, 
s, aig) , 1.37 (III, brs, OH), 1.63 (III, dddd, J = 13.9, 10.4, 9.7, 5.1 Hz, 
H-4), 1.84 (IH, dddd, J = 13.9, 10.0, 6.7, 1.8 Hz, H-4) , 2.62 (III, ddd,
J = 13.6, 9.7, 6.7 Hz, H-5) , 2.91 (111, ddd, J = 13.6, 10.0, 5.1 Hz, H-5), 
3.52 (III, brd, J = 10.7 Hz, H-3), 7.15-7.33 (511, m, CgHs) ;

6c (75 MHz; CDCI 3 ) -2.56(q, 8 1 (0 1 3 )3 ), 18.86(q), 20.09(q), 26.23(s, C"2) , 
33.43(t), 34.20(t), 78.01(d, C-3), 125.74(d), 128.34(d), 128.39(d), 
I42.32(s);

m/z 232 (M^ -18, 10), 165(45), 91 (50), 73(100), 69(100).
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Notes
1. Pyrazine was used as an internal standard and set to 6 8 .6 .

Preparation of 2-methyl-5-phenyl-2-trimethylsilyi-3-pentanone (116)
S IM e ,  SiMe^

HO 0
11151 (116)

Cïircmium trioxide (2.69 g, 27 nrnol) was added to a stirred solution
of pyridine (4.25 g, 54 ittxdI) in dichloranethane (60 ml) under nitrogen.
Rapid stirring was continued for %h at room temperature to produce a 

2deep red solution. 2-Methyl-5-phenyl-2-trimethylsilyl-3-pentanol (115)
(1.12 g, 4.5 nmol), in dichloranethane (10 ml), was added in one portion. 
The solution Imnediately turned brown. After 1 min. the mixture was 
filtered rapidly through a short silica column and the chromium 
residues washed with etlier (2 x 7 5  ml) . The solvent was removed vacuo 
to yield, after flash cliromatography, (2 0 : 1  petroleum ether-ether)
2-metliyl- 5-phenyl- 2- trimetliylsilyl-3-pentanone (116) as a colourless 
oil (0.937 g, 84%).

Rf 0.6 (9:1 petroleum ether-ether);
Vmax (fihii) 3090W, 3060m, 3025n, 2960s, 2900m, 2870m, 1680s(C=O), 1585w, 
1498in, 1470s, 1455s, 1385m, 1253s, 995n, 840s, 753s, 700s;

6 h (300 MIIz; CDCla)^ -0.001 (9H, s, 8 1 (0 1 3 )3 ), 1.22 (6H, s, geminal CH3) , 
2.72-2.67 (2H, m), 2.84-2.89 (211, m), 7.18-7.30 (5H, m, CgHs);
6 c (75 MHz; CDCI3 ) -3.74(q, 8 1 (0 1 3 )3 ), 20.38(g), 30.13(t), 42.02(t), 
42.12(s, C-2), 125.89(d), 128.35(d), 128.51(d), 141.81 (s), 213.59(s, C-3) 
m/z 248 (M+, 20), 205(10), 157(10), 105(20), 91(100), 73(40);

-115-



Si Me

HO

(117 )

Ci5 H 2t.OSi requires 248.1596, 
found 248.1597.

Notes
1. Dried over P 2O 5 at 60°C, under vacuum overnight.
2. See Ref. 53.
3. Pyrazine was used as an internal standard and set to 6 8 .6 .

Preparation of 4-methyl-3-2*-phenylethyl-4-trimethylsilyl-l-penten-3-ol 
(117)

SiMe,  

Ph ^  

(1 1 6 )

Vinylmagnesium bromide^ (6 ml, 6 mnol) was added to a stirred 
solution of 2-methyl-5-phenyl-2-trimetliylsilyl-3-pentanone (116) (0.99g,
4 nmol) in THF (15 ml). After 20 min. at roan temperature the mixture 
was refluxed for a furtlier 45 min. then poured into saturated aqueous 
NIIi,Cl solution (100 ml) . The mixture was extracted with ether (2 x 100 ml) 
and each extract washed with saturated brine (50 ml) , then dried (MgSO,, ) . 
The solvent was removed ^  vacuo to yield a yellow oil (1.089 g). T.l.c. 
(9:1 petroleun etlier-etlier) showed essentially one spot; n.m.r. 
however revealed a mixture of starting material (116) and 4 -methyl-3 -2 '- 

g^enylethyl-4-trimethylsilyl-l-penten-3-ol (117) in a ratio of approxi
mately 1:9.

Rf 0.54 (9:1 petroleun ether-ether);
Vmax (film) 3500brw(OH), 3085m, 3060m, 3030m, 2950s, 2870m, 1675w(C=0), 
1608w, 1500m, 1470m, 1455m, 1410m, 1250s, 1000m, 920m, 840s, 760s, 700s; 
6 h (90 MHz; CDCI 3 ) 0.0 (IH, s, starting material), 0.1 (911, s, 8 1 (0 1 3 )3 ),
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0.95 (6H, s, CII3)f 1.2 (0.8H, s, starting material), 1.3-3.1 (7H should 
be 5H, m) , 5.18 (IH, dd, Ji,2cis = H , Jl,l = 2 IIz, H-1) , 5.2 (IH, dd, 
dl,2trans =18, Jl,l=2 Hz, H-1), 5.91 (IH, dd, J2,1 trans = 18, J2,lcis = 
11 Hz, H-2), 7.17 (5H, s, Celjs) ;
m/z 259 (M^-18), 186(25), 143(25), 95(90), 91 (85), 73(100).

Notes

1. 1 M solution in THF obtained frcm Aldrich.

Preparation of 4-methyl-3-2'-phenylethyl-1,3-pentadiene (118)
Si He

HO

(117 )

P h

1110)
Ph

4-Metliy 1-3-2' -phenyletliyl-4-trimethylsilyl-1 -penten-3-ol (117)^
(1.04 g, 3.8 nmol) was stirred with acetic acid (5 ml) , saturated with 
sodium acetate, at 50°C^ for Ih. T.l.c. showed the disappearance of 
the starting material (117) and the mixture was poured into water (100 
ml) Eind neutralised with solid sodium bicarbonate. The aqueous layer 
was extracted with ether (3 x 50 ml) and the extracts were ccmbined and 
dried (MgSOi, ). The ether was then removed iji vacuo. After flash 
c)ircmatography (petroleum ether) cind Kugelrohr distillation (100°C at 
1 nmllg) 4-metliyl-3-2 ' -phenylethyl-1,3-pentadiene (118) was obtained as a 

colourless oil (0.513 g, 73% and 34% overall frcm 3-phenylpropanal).
Rf 0.33 (petroleum ether);
C,mH,8 requires C 90.26%, H 9.74%, N 0.00%, 

found C 89.99%, H 9.77%, N 0.00%.
Umax (film) 3090s, 3060m, 3025s, 2925s, 2880s, 1635s, 1608m, 1498s,
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1455s, 1415m, 1375m, 1170m, 1075w, 1030m, 990s, 895s, 750s, 700s;
ÔII (300 MIIz; CDCI3 ) 1.70 (3H, s, Œ 3) , 1.81 (311, s, Œ 3) f 2.50-2.68 (411, 
m) , 5.01 (III, d, Ji 2 cis =11*0 Hz, H-1) , 5.20 (111, d, 0% g trans =17.4 
Hz, H-1), 6.76 (HI, dd, Jg^i trans =17.4, Jg,i cis =11-0 Hz, H-2), 7.14- 
7.29 (511, m, CgIJb) ;
6c (75 MHz; CDCI3) 20.24(g), 21.3(g), 30.17(b), 35.08(b), 110.83(b, C-1) , 
125.69(d), 128.34(d), 130.84(s), 132.05(s), 132.51(d, C-2), I42.65(s); 
m/z 186 (M+, 90), 171(70), 143(60), 95(100), 91(90), 67(60), 40(100).

Nobes
1. The crude 3“ hydroxy si lane (117) was used direcbly frcm bhe previous 

reacbion and was conbaminabed wibh seme 3-kebo si lane (116).
2. Mebhod described by Hudrlik and Peberson, see Ref. 73.

Preparabion of Propan-2-one-2',4',6'-briisopropyIbenzenesulphony1- 
hydrazone (120)1

(121)
Acebone (40 ml, 0.87 mol) was added bo 2,4,6-briisopropyIbenzene

sulphony Ihydraz ine (121) (5 g, 16.8 nmol) under nibrogen, ab 0°C. When 
blie hydrazine had been consumed bhe excess acebone was removed ^  vacuo 
bo leave a whibe solid. The solid was recrysballised frcm pebroleum
ebher (80-100) bo yield propan-2-one-24 6 ' -briisopropyIbenzene
sulphony Ihydrazone (120)^ (4.74 g, 84%), m.p. 135-137°C, (lib.^ m.p. 
130-132°C).

Rf 0.48 (dichlorcmebhane);
ÔH (90 MHz; CDCI3) 1.25 (1811, d, J = 7.5 Hz, -0 1 (0 1 3 )2 ), 1.75 (3H, s.
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CHa), 1.85 (3H, s, CH3), 2.85 (IH, quintet, J = 7.5 Hz, para -0 1 (0 1 3 )2 ), 

4.2 (2H, quintet, J=7.5 Hz, ortho - 0 1 ( 0 1 3 ) 2 ) ,  7.09 (2H, s ) .

Notes
1. Literature procedure, see Ref. 75.

Preparation of 2,4-dimethyl- 3- 2 ' -phenylethyl-4-trimethylsilyl-1 -penten-
3-0I (119)

^SiMe, SiMe,

Ph

0  H O ' '^Ph
1116) (119)

n-Butyllithium^ (2.96 ml, 7.1 mmol) was added to a stirred solution 
of propan-2 -one-2 ',4',6 '-triisopropyIbenzenesulphonyIhydrazone (1 2 0 )
(1.2 g, 3.55 nmol) at -78°C, in raiE (10 ml), under nitrogen. The yellow
solution was allowed to warm to 0°C for 15 min., during which time
bubbles of nitrogen were evolved. The mixture was recooled to -78°C 
and 2-methyl-5-phenyl-2-trimethylsilyl-3-pentanone (116) (0.85 g , 3.55 
nmol) was added in DME (5 ml) and after 10 min. at -78°C the solution 
was allowed to warm slowly to roan temperature, then poured into saturated 
aqueous NH4CI solution. The aqueous solution was extracted with ether 
(3 X 7 5  ml), the extracts ccmbined and dried (N^SOi»). The ether was 
removed iri vacuo and after flash chrcmatography (20:1 petroleum ether- 

ether) 2,4-dimethyl-3-2'-phenylethyl-4-trimethylsilyl-1-penten-3-ol (119) 
was obtained as a colourless oil (0.78 g, 76%).

Rf 0.74 (20:1 petroleum ether ether);
Ci8H 3oOSi requires C 74.42%, H 10.41%, N 0.00%,

found C 74.68%, H 10.39%, N 0.00%.
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Vmax (film) 3610brm(ai), 3090m, 3080m, 3020m, 2960s, 1630w, 1605m,
1495m, 1455m, 1248s, 1050m, 1030m, 995m, 960m, 900s, 840brs, 750s, 700s; 
ÔH (300 MIIz; CDCla)^ 0.09 (911, s, SiCCH,),), 0.94 (3H, s, Œ 3) , 0.99 (3H, 
s, ais), 1.66 (IH, s, OH), 1.88 (3H, dd, J = 1.4, 0.6 Hz, 2 -CH3) , 1.95- 
2.12 (211, m), 2.38 (IH, ddd, J = 13.5, 11.3, 4.8 Hz, H-2'), 2.63 (IH, 
ddd, J = 13.5, 11.3, 6.3 Hz, H-2'), 4.98 (IH, brs), 5.07 (IH, s with fine 
coupling), 7.16-7.33 (5H, m, CeHs);

6c (75 MHz; CDCI3) -0.17(q, 8 1 (0 1 3 )3 ), 20.80(g), 21.30(g), 22.66(g), 
30.12(b), 31.03(s, C-4), 37.94(b), 83.44(s, C-3), 112.8(b, C-1), 125.69 
(d), 128.36(d), 128.41(d), 142.80(s), 148.56(s);
m/z 272 (M^-18,10), 200(30), 181(40), 109(100), 96(60), 73(80), 75(85), 
67(60) ,

Nobes
1. n-Bubyllibhium was 2.4 M by bibrabion.
2. Pyrazine was used as an internal standard and set ab 68.6.

Preparabion of 2,4-dimethyl-3-2'-phenylebiiy1-1,3-penbadiene (88)

SIMe,

HO Ph
(1191 1 8 0 1

2,4-Dimethyl-3-2'-phenylethyl-4-trimetliylsilyl-1-penben-3-ol (119) 
(0.7 g , 2.4 nmol) was stirred wibli acetic acid (5 ml) saturated with 
sodium acetate at 50°C for 4h.^ The reaction was then worked-up as in 
the preparation of (118). After flash chromatography (petroleum ether) 
and Kugelrolir distillation (120°C at 0.5 nmHg) 2,4-dimethyl-3-2'-phenyl- 
etiiyl-1,3-penbadiene (88) was obtained as a colourless oil (0.406 g, 84%
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and 30% overall frcm 3-phenylpropanal).
Rf 0.6 (petroleum ether);
C 1 5H 20 requires C 89.94%, H 10.06%, N 0.00%, 

found C 90.07%, H 10.14%, N 0.00%;

Amax (CH3CN) 235 (e 2050 dm^ mol"’ an"’);
Umax (film) 3080m, 3060m, 3030m, 2920s, 2880s, 1632m, 1605n, 1496m,
1453s, 1372m, 1125w, 1060w, 895s, 750m, 700s;
6n (300 MHz; CDCI3) 1.61 (3H, s, CH3), 1.68 (3H, s, CH3), 1.80 (3H, dd,
J = 1.5, 0.9 Hz, ai3), 2.32-2.41 (2H, m) , 2.58-2.66 (2H, m) , 4.63 (IH, 

dq, J =2.8, 0.9 Hz, H-1), 4.98 (IH, dq, J = 2.8, 1.5 Hz, H-1), 7.10-7.28 
(5H, m, Celjs);
6c (75 MHz; CDCI3) 19.51(g), 21.74(g), 22.74(g), 33.36(t), 34.81(t),
113.4 (t, C-1), 125.59 (d + s), 128.19(d), 128.34(d), 135.94 (s), I42.62(s), 
146.33(s);
m/z 200 (M+, 70), 157(5), 109(100), 96(80), 91(60), 81(70), 67(90), 55(50) 

Notes
1. Method described by Hudrlik and Peterson, see Ref. 73.

Preparation of 2-tributyItin-2-trimethylsilylpropane (124)

SIMe, SiMê

SPh /  ^ S n B u ,

11111 (1 2 4 )

2-Phenylthio-2-trimethylsilylpropane (111) (1 g, 4.46 nmol) was treated 
with LDMAN (11 nmol) prepared in the usual way.^ Tributyltinchloride 
(1.21 ml, 4.44 nmol) in THF (3 ml) was added at -78°C and the solution 
stirred for 15 min. After standard work-up, the product was purified by
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chromatography (petroleum ether) to yield 2-tributyltin-2-trimethyl- 
silyIpropane (124) as a colourless oil (1.138 g, 63%).

Rf solvent front (petroleum ether);
Umax (fihn) 2960s, 2920s, 2875s, 2845s, 1455m, 1378m, 1260m, 1248s, 
1075m, 960w, 880s, 830s, 750s, 680s;

ÔH (90 MHz; CDCI3) -0.09 (911, s, 8 1 (0 1 3 )3 ), 0.7-1.7 (33II, m) ; 
m/z 406 (M+), 392(1), 347(5), 289(100), 236(80), 179(60), 135(10).

Notes
1. See preparation of (111).

Preparation of trans-3-{2'-[1"-(dimethyl-t-butylsiloxy)prop-2"-enyl]- 
1'-methylcyclohexyl)propionaldéhyde (84)1

H

OSIMe.Bu’OSIMpjBu^
I 55 )

DIBAIÎ  (4.24 ml, 4.24 nmol) was added dropwise to a solution of methyl 
trans-3- {2'- [1" - (dimethyl-1-butylsiloxy)prop-2"-eny 1 ] -1 '-methylcyclo
hexyl} propionate (55)^ (1.5 g, 4.24 nmol) in toluene (60 ml), at -78°C, 
under nitrogen. After the disappearance of starting material on t.l.c. 
the reaction was quenched with 1 M IICl (200 ml) and extracted with ether 
(3 X 100 ml) . The ccmbined organic extracts were dried (MgSO,,) and the 
solvent removed vacuo. The crude product was purified by flash 
chrcmatography (20:1 petroleum ether-ether) to yield trans-3-{2'-(1"- 
(dimetliyl- t-butylsiloxy) prop-2"-enyl] -1 '-methylcyclohexyl}propionaldéhyde 
(84)^ as a colourless oil (0.79 g, 58%).
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Rf 0.31 (20:1 petroleum ether-ether);
Vmax (film) 2930s, 2860s, 2825s, 2718s, 1725s(C=0), 1640w, 1470m, 1460s, 
1455m, I405w, 1360w, 1255s, 1160w, 1125m, 1095s, 1080m, 1022m, lOO&n, 
995s, 922s, 840s, 815m, 775s;

6h (90 MHz; CDCI3 ) 0.0 (311, s, CHg-Si) , 0.2 (311, s, CHg-Si), 0.9 (9H, 
s, -0 (0 1 3 )3 ), 0.95 (3H, s, OI3) , 1.1-1.9 (1111, m), 2.15-2.55 (2H, m) , 
4.33 (111, brd, J = 7 Hz, Il-l") , 4.94-5.20 (2H, m) , 5.72-6.20 (IH, m) , 
9.75-9.85 (111, m) .

Notes
1. Literature procedure, see Ref. 38.
2. 1 M solution in toluene obtained frcm Aldrich.
3. Prepared by Dr. P. A. Brown who kindly left this compound after 

ccmpleting his work.

Preparation of 2,2-dimethyl-8-phenyl-3-2^-phenylethyl-l,6,8-trlazo-
[4,3,0]bicyclonon-3-ene-7,9-dione (137)

Ph

(110)

Ph

(137)

4-Phenyl-1,2,4-triazoline-3,5-dione (136)^ (0.124 g, 0.71 nmol) in 
acetone (1 ml) was added to a solution of 4-methyl-3-2'-phenylethyl-1,3- 
pentadiene (118) (0.12 g, 0.65 nmol) in dichlorcmetJiane (1 ml), at rocm 
tenperature. The bright red colouration slowly faded and after Ih the 
solvent was removed ^  vacuo to give a white solid. The solid was re
crystallised frcm metlianol to yield 2,2-dimethyl-8-phenyl-3-2'-phenyl- 
ethy 1-1,6,8-triazo[4,3,0]bicyclonon-3-ene-7,9-dione (137) (75 mg, 32%), 
m.p. 139-139.5°C.
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C 2 2 H2 3N 3O 2 requires C 73.11%, H 6.41%, N 11.63%, 
found C 73.04%, H 6.38%, N 11.68%.

Vmax (nujol mull) 1770m, 1710s, 1600w, 1415s, 1270m, 1220w, 835w, 77ftn, 
735m, 712m;

611 (300 MHz; CDCI 3 ) 1.65 (6H, s, Qb) , 2.3-2.39 (2H, m) , 2.83 (2H, t,
J = 8.1 Hz), 4.09-4.14 (2H, m, H-5), 5.59-5.65 (IH, m, H-4), 7.18-7.56 

(IIH should be 10, m, CgHs);
6 c (75 MHz; CDCI3) 22.85(g), 31.52(b), 34.99(b), 43.22(t, C-5), 62.57 
(s, C-2), 113.76(d, C-4), 125.51(d), 126.20(d), 127.89(d), 128.25(d), 
128.48(d), 128.93(d), 131.39(s, C-3), I41.09(s), 141.74(s), 152.41(s, 
C=0), 152.48(s, C=0);
m/z 362 (M+, 100), 346(80), 268(30), 227(60), 198(20), 185(20), 91(70). 

Nobes
1. Prepared according to literature, see Ref. 95 also see Ref. 94.

Preparation of 8 -pheny1-3-2'-phenylethyl-2,2,4-trimetliyl-1,6,8-triazo-
[4,3,0]bicyclonon-3-ene-7,9-dlone (138)

1 0 0 )  (130)

4-Phenyl-l,2,4-triazoline-3,5-dione (136)^ (0.104 g, 0.59 nmol) in 
acetone (1 ml) was added to a solution of 2 ,4-dimetliyl-3-2 '-phenylethy1 -
1,3-pentadiene (8 8 ) (0.108 g, 0.54 mmol) in dichloranethane (1 ml), at 
room temperature. After Ih the solvent was removed ^  vacuo and the 
resulting white solid recrystallised fran methanol to yield 8 -phenyl- 
3-2'- phenylethyl-2,2,4-trimethyl-1 ,6 ,8 -triazo[4,3,0]bicyclonon-3-ene-
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7,8-dione (138) (0.173 g, 85%) m.p. 136-137°C.
C 2 3 H 2 5N 3O 2 requires C 73.58%, H 6.71%, N 11.19%,

found C 73.31%, H 6.71%, N 11.13%.
Umax (nujol mull) 1770m, 1710s, 1600w, 1410s, 1390m, 1365m, 1280m, 770m, 
750w, 740m, 710m, 700m, 690m;

611 (300 MIIz; CDCI 3 ) 1.67 (611, s, Œ 3 ) , 1.83 (3H, s, 0 1 3 ), 2.30-2.41 (2H,
m) , 2.70-2.78 (2H, m) , 3.97 (2H, s, H-5), 7.17-7.56 (lOH, m, Celjs) ;
6 c (75 MHz; CDCI3 ) 16.94(q), 23.21(q), 30.49(b), 35.98(b), 47.08(b), 
62.56(s, C-2), 121.59(s), 125.50(d), 126.24(d), 127.92(d), 128.04(d), 
128.58(d), 128.97(d), 131.30(s), 134.42(s), l4l.47(s), 152.32(s, C=0), 
152.36(s, C=0);
m/z 375 (M+, 60), 360(90), 282(20), 241(30), 213(20), 91(100).

Nobes
1. Prepared according bo liberabure, see Ref. 95 also see Ref. 94.

Preparabion of 3-2'-phenylebliyl-2,2,4-brimebhyl-3-cyclohexene-1- 
carbaldeliyde (139) and 5,6-dihydro-3 -2 ' - phenylebliyl-2,2,4-brimebhyl-
6-vinyl-2H-pyran (140)

Ph

1139)

Ph

(1 4 0 )

H +

IB8)

Acrolein (50 ul, 0.74 nmol) was added bo 2,4 -dimebliyl - 3 - 2 ' - pheny 1- 
ebhyl-1,3-penbadiene (88) (0.106 g, 0.54 mmol) in boluene (1 ml). Tlie 
mixbure was cooled bo -78°C and boron brifluoride ebherabe (14 ul, 0.11 
nmol) added. Afber sbirring for 5h ab -78°C and 2h ab -40°C, b.l.c. 
showed no sbarbing maberial and bhe reacbion was quenched wibh waber and 
exbracbed wibJi eblier (3 x 20 ml) . The exbracbs were washed wibh sa bur abed
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brine, ccmbined and dried (MgSOt,) . The solvent was removed ^  vacuo 
and after flash c)ircmatography (20:1 petroleum ether-ether) 3-2'-phenyl- 
e tliyl- 2,2,4- tr imetliyl-3 - cyclohexene-1 - carbaldehyde (139) and 5,6 -dihydro-
3-2'-phenyleUiyl-2,2,4-trimethyl-6 -vinyl-2H-pyran (140) were obtained as 
colourless oils (70 mg, 52%) and (14 mg, 10%) respectively.
139

Rf 0.44 (20:1 petroleum ether-ether);
Vmax (fihn) 3090w, 3060w, 3020m, 2940s, 2730w, 1720s(C=0), 1605w, 1495m, 
1470m, 1452m, 1385w, 1368m, 1030m, 750m, 700s;

6 h (400 MHz; CDCI 3 ) 1.01 (3H, s, Qla) , 1.20 (3H, s, Oh), 1.65 (3H, s, 
aia), 1.66-1.82 (211, m, H-6 ) , 1.93-2.0 (2H, m, H-5), 2.13 (IH, dt, J = 
10.2, 3.2 Hz, H-1), 2.17-2.29 (2H, m, H-1'), 2.53-2.65 (2H, m, H-2'), 
7.07-7.23 (5H, m, CgHs) , 9.78 (IH, d, J=3.2 Hz, -Œ0) ; 
m/z 256 (M+, 1), 227(5), 137(20), 135(20), 133(20), 105(20), 91(60), 
74(60), 59(100);
1.01 (CH3) shows a n.O.e. to 2.13 (H-1, 7%), 2.17-2.29 (3%), 2.53-2.65 
(2%) and 9.78 (OIO, 4%);
1.20 (QI3) s Itows a n.O.e. to 2.13 (H-1, 2.4%), 2.17-2.29 (3%), 2.53-2.65 
(1.5%) and 9.78 (0 1 0 , 5%).

140
Rf 0.55 (20:1 petroleum ether-ether);

6 h (300 MHz; CDCI3) 1.33 (3H, s, CH3), 1.36 (3H, s, O I 3 )f 1.66-1.88 (5H,
m), 2.06-2.32 (3H should be 2H, m), 2.6-2.76 (2H, m), 4.13-4.22 (IH, m,
H-6 ), 5.14 (IH, ddd, Jcis=10.5, J = 1.7, 1.2 Hz, 01=012), 5.27 (IH, dt,
J trans " 17.3, J = 1.5 Hz, -OI=CH2 ) , 5.92 ( IH, ddd, J trans ” 17.3, Jcis
10.5, J = 5.9 Hz, -0 1 =0 1 2 ), 7.16-7.34 (5H, m, CgHs) ,'

CieHz^O requires 256.1827, 
found 256.1840.
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Preparation of 1- (methanal-2,4-dinitropheny Ihydrazone)-3-2' - phenyl- 
ethyl-2,2,4-tr Methyl- 3 - cyclohexene (145)

NO,

Ph

(145)(139)

2,4-DinitrophenyIhydrazine (48 mg, 0.24 nmol) was dissolved in 
ethanol (2 ml) and concentrated HCl (100 ul) The solution was then 
added to 3 - 2 ' - pheny lethyl- 2,2,4-trimethyl- 3-cyclohexene-1 -carbaldehyde 
(139) (58 mg, 0.23 nmol) and the mixture warmed for 10 min. On cooling 
a yellow solid precipitated out which was then collected by filtration 
and recrystallised twice frcm ethanol to give 1- (methanal-2,4-dinitro
pheny Ihydrazone) -3-2'-phenylethyl-2,2,4-trimethyl-3-cyclohexene (145) 
as flaky yellow crystals (41 mg, 42%) m.p. 165-166.5°C.

requires C 66.04%, H 6.47%, N 12.84%,
found C 65.84%, H 6.51%, N 12.83%.

Vmax (nujol mull) 3270w(N-H) , 1610w, 1580w, 1330m, 1305m, 1260w, 1210w, 
1140w, 920w;
6h (300 MHz; CDCI 3 ) 1.05 (3H, s, C H 3 ) , 1.22 (3H, s, C H 3 ) , 1.77 (3H, s,
C H 3 ), 1.79-1.97 (2H, m), 2.01-2.18 (2H, m), 2.27-2.39 (2H, m), 2.48 (IH,

ddd, J = 10, 7.3, 3.2 Hz, H-1), 2.62-2.77 (2H, m) , 7.14-7.34 (5H, m, 
CgHs), 7.59 (IH, d, J = 7.3 Hz, -Œ=N-) , 7.95 (IH, d, J = 9.6 Hz) , 8.29 

(IH, dd, J = 9.6, 2.6 Hz), 9.10 (IH, d, J = 2.6 Hz), 11.04 (IH, brs, N-H) ; 
m/z 436 (M+, 1 ), 253(10), 174(20), 162(60), 133(40), 121(40), 105(90) , 

91(100), 81(30).

Notes
1. See Vogel "Textbook of Practical Organic Chenistry", 4th. Ed., 

Longman, 1978, p.1111.

-127-



The reaction of acrolein and 4-methyl-3-2'-phenylethyl-1,3-pentadiene
(118)

Acrolein (42 ul, 0.63 irmol) was added to a solution of 4-methyl-3-
2'-phenylethyl-1,3-pentadiene (118) (83 mg, 0.45 mmol) in toluene (1 ml).
The mixture was cooled to -78°C and boron trifluoride etherate (11 ul,
0.09 nmol) added. After 5h at -78°C t.l.c. showed no reaction so the
mixture was allowed to warm to -35°C for 12h. T.l.c. again showed a
large amount of starting material so further amounts of acrolein^ (42
ul, 0.63 nmol) and boron trifluoride etherate (11 ul, 0.09 nmol) were
added, and the mixture kept at -35°C for a further 7h. The mixture was
then worked-up as in the preparation of (139) . The solvent was ronoved

2m  vacuo and the residual oil was purified by flash chrcmatography 
(10:1 petroleum ether-ether) to yield recovered starting material (118)

3(41 mg) and a main product (26 mg) .
Rf 0.36 (10:1 petroleum ether-ether);

Vmax (CH2CI2 ) 3025w, 2930s, 2860m, 1720s(C=0), 1602w, 1495w, 1450m,
1135w, 1060s, 990m, 935n, 855w;
ÔH (300 MHz; CDCla)^ 1.54-1.88 (lOH, m) , 2.05 (IH, dq, J = 12.9, 3.6 Hz), 
2.28-2.48 (3H, m), 2.55-2.67 (IH, m) , 2.74-2.88 (IH, m) , 4.07 (0.7HE1H 

of major iscmer, dd, J = 10.1, 6.3 Hz), 4.32-4.41 (IH, m) , 4.48 (0.3HE1H 

of minor iscmer, dd, J = 11.4, 2.7 Hz), 5.22 (0.7HE1H of major iscmer, 

ddd, Jcis =10.5, J = 1.5, 1 Hz, -CH=CHcisHtrans) r 5.28 (0.3HE1H of minor 
iscmer, dt, Jcis=10.9, J = 1.8 Hz, -CH=CHcisHtrans) / 5.36 (0.7HE1H of 

major iscmer, dt, Jtrans = 17.2, J = 1.4 Hz, -CH=CHcisHtrans) f 5.45 (0.3H 

= IH of minor iscmer, dt, Jtrans = 17.4, J = 1.8 Hz, -CH=ŒcisHtrans) ,

5.94 (0.7HE1H of major iscmer, ddd, Jtrans =17.2, Jcis=10.5, J = 6.4 Hz, 

-CH=CH2) , 6.06 (0.3HE1H of minor iscmer, ddd, Jtrans = 17.4, Jds =10.9,
J = 4.1 Hz, -CH=CH2), 7.14-7.32 (5H, m, CgHs), 9.66 (0.6H E IH of major
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iscmer, d, J = 2.6 Hz, -CHO) , 10.00 (0.2H = 1H of minor iscmer, dd, J =
1.7, 1.2 Hz, -Œ0) ;
m/z 298 (M+, 12), 280(6), 251(4), 242(4), 207(17), 166(17), 160(15),
138(10), 107(28), 90(100).

Notes
1. It was assumed that tlie initial acrolein would have deccmposed by 

this time. The same product was isolated irrespective of the 
second portion of acrolein and boron trifluoride but in worse 
yield.

2. T.l.c. showed seme streaking and a number of faint spots that 
could not be isolated.

3. The product isolated was one spot on t.l.c. hut was a mixture of 
iscmers (ratio 2:1) see discussion page 49 for a possible structure.

4. For tlie integration IH was taken to be one of the vinyl protons of 
both iscmers ccmbined.

The formation of tlie hydrazone of the product frcm the reaction of
4-metliyl-3-2'-phenylethyl-1,3-pentadiene (118) and acrolein

The aldehydes isolated in the previous experiment (34 mg, 0.11 nmol) 
were reacted witli 2,4-dinitrophenyIhydrazine (23 mg, 0.12 nmol) as in 
the preparation of (145). The orange solid obtained was recrystallised 
frcm metlianol to yield the crystalline derivative of one of the aldehydes 
(19 mg, 35%) m.p. 177-179°C.
ÔH (300 MHz; CDCI3) 1.55-1.96 (12H should be lOH, m), 2.13 (IH, dq, J = 

13.1, 3.6Hz), 2.38-2.54 (3H, m), 2.58-2.71 (IH, m), 2.77-2.90 (IH, m) ,
3.94 (IH, dd, J = 9.9, 6.6 Hz), 4.43 (IH, dd, J = 10.1, 3.6 Hz), 5.24 (IH, 
d with some further fine splitting, Jds =10*5 Hz, -CHkCHcigHtrans),
5.37 (IH, d with seme furtlier fine splitting, Jtrans =17.2 Hz, -ai=CHcls 
Utrans)' 5.93 (IH, ddd, Jtrans =17.2, Jds =10*5, J = 6.6 Hz, -CH=CH2) ,
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7.16-7.33 (6H should be 5H, m, CgHs), 7.42 (IH, d, J = 5.8 Hz), 7.93 
(IH, d, J = 9.6 Hz), 8.31 (IH, dd, J = 9.6, 2.6 Hz), 9.11 (IH, d, J = 2.6 
Hz), 11.02 (HI, brs, N-H);
m/z 478 (M+), 422(25), 287(4), 331(5), 240(4), 236(4), 186(100), 171(31), 
144(43), 118(20);

C2 6 h 3oNt,05 requires 478.2216, 
found 478.2220.

Preparabion of [^Hs]Propan-2-one-2*,4',6'-triisopropyIbenzenesulphonyl- 
hydrazone (147)

i . ,

(^Hg) Acetone (10 g, 156 irniol) was added to 2,4,6-triisopropy 1- 
benzenesulphonyHiydrazine (121) (2 g, 6.7 imol) under nitrogen, at 0°C. 
When the hydrazine had been consumed the excess acetone was removed 
in vacuo to yield [̂ Hg]propan-2-one-2',4',6'-triisopropyIbenzenesulphonyl- 
hydrazone (147) as a white crystalline solid (1.62 g, 70%).
6h (90 MHz; CDCI3) 1.25 (18H, d, J=7.5 Hz), 2.85 (IH, quintet, J = 7.5 
Hz), 4.2 (2H, quintet, J=7.5 Hz), 7.1 (2H, s) ;

m/z 345 (M+, 5), 282(50), 267(100), 252(25), 233(20), 203(70), 175(40). 

Notes
1. 99.5% deuterium enricliment obtained frcm Aldrich.

SO.NN
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Preparation of 2-[^Ha]Methyl-4-methyl-3-2'-phenylethy1-4-triinethy1-
silyl-1,1-[^H2]-1-penten-3-ol (148)

SiMe ,
SIMe

HO

Ph

D

^  Ph

0
1116)  ̂ .

( U S )

2-Methyl-5-phenyl-2-trimethylsilyl-3-pentanone (116) (0.4 g, 1.6 
mmol) was treated with [^HsJpropenyl lithium generated from [^Ilelpropan- 
2-one-2',4',6'-triisopropyIsulphonyIhydrazone (147) (0.56 g , 1.61 mmol) 
and n-butyllithium^ (1.65 ml, 3.2 mmol) as in the preparation of (119). 
Ihe reaction was worked up and after flash chrcmatography (20:1 
petroleum ether-ether) 2 - [ 3]methyl-4-methyl-3-2'-phenylethy 1-4-tri
methylsilyl-1,1- [^Ha]-1-penten-3 -0 I (148) was obtained as a colourless 
oil (0.164 g, 34%).

Rf 0.64 (20:1 petroleum ether-ether);
6h (90 MHz; CDCI3) 0.1 (811 should be 9H, s, -8 1 (0 1 3 )3 ), 0.94 (3H, s, 
CH3 ), 0.98 (3H, s, CH3), 1.65 (IH, s, OI) , 1.87-2.86 (411, m), 7.21 (5H, 
s, CeHs) .

Notes
1. n-Butyllithium was 1.95 M by titration.
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Preparation of 2- [ ̂ H 3 ] Methyl- 4 -methyl- 3-2'-pheny lethyl - -1,3-
pentad iene (146)

SiMe,HO

Ph

D

Ph

D

( 1 4 8 ) '  ( 1 4 6 )

2- [^H3]Methyl-4 -methyl-3 -2 '-phenylethyl-4 -trimethylsilyl-1,1- [^Hal-
1-penten-3-ol (148) (160 mg, 0.54 mmol) was heated at 50°C in acetic 
acid saturated with sodium acetate.^ After 4h t.l.c. showed no starting 
material so the mixture was poured into water and worked up as in the 
preparation of (8 8 ). After flash chrcmatography (petroleum ether)
2 -[^H3]methyl-4-methyl-3-2 '-phenylethyl-1 ,1 -[^H2]-1 ,3 -pentadiene (146) 
was obtained as a colourless oil (72 mg, 65%).

Rf 0.6 (petroleum ether) ;
6h (300 MHz; CDCI 3 ) 1.61 (3H, s, C H 3 ) , 1.67 (3H, s, C H 3 ) , 2.33-2.39 

(2H, m), 2.59-2.64 (2H, m), 7.13-7.29 (5H, m, CeHs);
6c (75 MHz; CDCI3 ) 19.54(g), 21.75(g), 33.36(t), 34.80(t), 125.60(d), 
125.64(s), 128.21(d), 128.36(d), 135.88(s), 142.67(s), 146.10(s);
6 2 jj (300 MHz; CHCl3)^ 1.86 (brs), 4.76(brs), 5.12(brs);
m/z 205 (M+, 60), 188(5), 114(100), 99(55), 91(95), 83(20), 69(50).

Notes

1. Method described by Hudrlik and Peterson, see Ref. 73.
2. CDCI3 set at 67.3.
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Preparation of 2,2-dimethyl-4-• [ 3 ]methyl-3-2 ' -phenylethyl-5,5- [ 2] - 
3 - cyclohexene- 1 - carbaldehyde (149) and 5 , 6 -dihydro- 2,2 -dimethyl - 4 - 
[ ̂ H3]methyl-3 -2 *-phenylethyl-6 -vinyl-5 ,5 -[^Ha] -2H-pyran (150)

Ph Ph

(150)(146)

2 - [̂ H3 ]Methyl-4-methyl-3-2 '-phenylethyl-1 ,1 - 3 -pentadiene 
(146) (70 mg, 0.34 nmol), acrolein (32 ul, 0.48 nmol) and boron tri
fluoride etherate (9 ul, 0.07 mmol) were reacted together at -40°C in 
toluene (0.7 ml) as in the preparation of (139) and (140) . The reaction 
was worked up after 1 2 h and after flash chrcmatography (2 0 : 1  petroleum 
ether-ether) starting material ( 1 4 6 ) 2,2-dimethyl-4-[^H3 ]methyl-3-2'- 
phenylethyl-5,5-[^Hz]-3-cyclohexene-1-carbaldehyde (149) and 5,6 -dihydro-
2,2-dimethyl-4- [ ̂ H 3 ] methyl- 3- 2 ' - pheny lethyl- 6 -vinyl- 5,5- [ ̂ Hz ] - 2H-pyran
(150) were obtained (13 mg, 15%), (53 mg, 60%) and (4 mg, 5%) respec
tively.
149

Rf 0.45 (20:1 petroleun ether-ether);
6 h (300 MHz; CDCI3) 1.10 (3H, s, CH3), 1.27 (3H, s, CH3), 1 .6 8 -1 . 8 8  (2H, 
m), 2.21 (IH, dt, J = 10.1, 3.3 Hz, H-1), 2.27-2.34 (2H, m) , 2.62-2.71 

(2H, m), 7.16-7.33 (5H, m, C M ,  9.86 (IH, d, J = 3.3 Hz, CHO).

150
Rf 0.53 (20:1 petroleum ether-ether);

ÔH (300MHz; CDCI3) 1.33 (3H, s, CH3), 1.36 (3H, s, CH3), 2.22-2.33 (2H, 
m), 2.61-2.75 (2H, m) , 4.16 (IH, brd, J = 5.8 Hz), 5.13 (IH, ddd, J d s  =

10.5, J — 1.6 , 1.2 Hz, -CH=CHcfgHfrans)f 5.27 (IH, dt, Jtrans ~17.3, J = 
1.6 Hz, -CH=CHcigH^rans)f 5.92 (IH, ddd, Jtrans "17.3, Jcis "10.5, J =
5.8 Hz, -CH=CHz), 7.17-7.34 (7H should be 5H, m, CeHs).
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Notes
1. 300 MHz n.m.r. of recovered starting material (146) was 

identical to that prepared previously.

Preparation of 1 - (methanal- 2,4 -dinitrophenyIhydrazone) - 2,2-dimetliy 1- 4 - 
[ ̂Ilaj -metliyl-3-2* -phenylethyl-5,5- [^H2] - 3 - cyclohexene (151)

D 0
(149)

The dinitropheny Ihydrazone derivative was prepared as in the prepara
tion of (145) using 2,2-dimethyl-4-[^Ila]-methyl-3-2'-phenylethy 1-5,5- 

[̂ H2 ]-3-cyclohexene-1 -carbaldehyde (149) (52 mg, 0.2 mmol) and 2,4- 
dini tropheny Ihydraz ine (40 mg, 0.2 imol) in ethanol (2 ml) . After 
recrystallisation fran ethanol 1 - (methanal-2 ,4-dinitrophenyIhydrazone) -
2 ,2 -dimethyl-4- 3] -methyl-3- 2 '-phenylethyl-5,5- [^Hz] ~3-cyclohexene
(151) was obtained as a yellow solid (13 mg, 15%).

6 n (300 MHz; CDCI3 ) 1.04 (311, s, Qla) , 1.22 (3H, s, Qlj) , 1.77 (IH, dd,
J = 13.2, 9.7 Hz, H-6 ax)f 1.91 (IH, dd, J = 13.2, 3.2 Hz, H-6gq), 2.27-2.38 
(211, m), 2.48 (IH, ddd, J = 9.7, 7.3, 3.2 Hz, H-1), 2.63-2.74 (2H, m) , 
7.18-7.34 (511, m, Celjs) r 7.57 (IH, d, J = 7.3 Hz), 7.96 (IH, d, J = 9.6 Hz), 
8.30 (111, dd, J = 9.6, 2.6 Hz), 9.12 (IH, d, J = 2.6 Hz), 11.04 (IH, brs, 
N-H) ;
62„ (300MHz; CHCI3) 1.77(s), 2.11(brs);
m/z 441 (M+, 15), 422(5), 407(10), 350(15), 316(10), 279(5), 259(20), 

205(20), 167(20), 105(100).
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Preparation of Selenophenol (167)^

Phenylmagnesium brcmide (0.3 mol) was prepared in the usual way fron 
brcmobenzene (31.6 ml, 0.3 mol) and magnesium (7.2 g, 0.3 mol) in ether 
(300 ml). Dry powdered black selenium (22.75 g , 0.29 mol) was then 
added. After work-up and distillation selenophenol (167)^ was obtained 
as a colourless oil (32.9 g, 73%) b.pt. 62-64°C at 15 imHg, (lit.^ b.pt. 
72-75°C at 15 irmUg) .

Notes
1. Literature procedure, see Ref. 114.
2. See Ref. 113.

Preparation of 2,2-Bis(phenylseleno)propane (153)^

SePh

PhSeH — ►
SePh

( 1 6 7 )  ( 1 5 3 )

Hydrogen chloride gas was passed through a mixture of selenophenol
(167) (32.8 g, 0.21 mol) and acetone (7.7 ml, 0.104 mol) for %h at 0°C.

2After work-up and flash chronatography (petroleum ether) 2,2-bis(phenyl■
1 2seleno)propane (153) was obtained as a pale yellow solid (9.6 g, 26% ).

Rf 0.25 (petroleum ether);
6n (90 MHz; CDCI3) 1.70 (6H, s, Qb) , 7.1-7.8 (lOH, m, CgHs) .

Notes
1. Literature procedure, see Ref. 113.
2. 25 g of crude product was divided into two portions for flash

clironatography and only one half columned.
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Preparation of 2-methyl-1-phenyl-2-phenylseleno-l-propanol (168a) 

SePh

Ph-
SePh I

1153 I (168a)

n-Butyllithium^ (136 ul, 0.29 nmol) was added to a stirred solution 
of 2,2-bis(phenylseleno)propane (153) (0.1 g, 0.29 nmol) in THF (1 ml),

2at -78°C, under nitrogen. After %h at -78°C, a solution of benzaldehyde 
(29 ul, 0.29 mmol) in THF ml) was added and stirring continued for 
a further Ih at -78°C. The mixture was then allowed to warm to room 
teTiperature and then quenched with water. The aqueous layer was 
extracted witli ether (3 x 20 ml) and each extract washed with a saturated 
brine solution (10 ml) . The combined extracts were dried (MgSOi,) and 
tlie solvent ranoved ^  vacuo. After flash chromatography (5:1 petroleun 
ether-ether) 2 -mettiyl-1 -phenyl-2 -phenylseleno-1 -propanol (168a) was 
obtained as a white solid (67 mg, 78%).

Rf 0.37 (5:1 petroleum ether-ether);
Vmax (CII2CI2 ) 3480brm(OH), 3030w, 2965m, 2930m, 2870m, 1603w, 1490w, 
1478m, 1452m, 1385s, 1365m, 1325m, 1185s, 1112s, 1050s, 1020m, 1000m, 
840brm;
ÔH (300 MHz; CDCI3) 1.24 (3H, s, 0 1 3 ), 1.30 (3H, s, CH3) , 3.41 (IH, brs, 
ai) , 4.43 (IH, s, H-1), 7.25 (511, s) , 7.26-7.42 (3H, m), 7.66-7.69 (2H, 
m) ;
6 c (75 MHz; CDCI3) 21.49(q), 27.82(g), 55.38(s, C-2), 78.14(d, C-1), 
126.39(s), 127.53(d), 127.59(d), 127.98(d), 128.94(d), 129.03(d), 
137.95(s), 138.07(d).

Notes
1. n-Butyllithium was 2.4 M by titration.
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2. The benzaldehyde was washed with aqueous sodium bicarbonate, 
dried (MgSOu) then distilled prior to use.

Preparation of 2-methyl-2-phenylseleno-3-nonanoi (168b)

SePh SePh

HO
(153 ) (168b)

Using tlie same procedure as for the preparation of (168a), 2-lithio-
2-phenylselenopropane (152) (2.82 mmol) and heptanal^ (0.38 ml, 2.82 
mnol) in TIIF (15 ml) were reacted together at -78°C for Ih. After work
up and flash chromatography (5:1 petroleum ether-ether) 2-methyl-2- 

pJienylseleno-3-nonanoi Ç168b) was obtained as a pale yellow oil (0.816g , 
92%).

Rf 0.54 (5:1 petroleum ether-ether);
ÔH (90 MHz; CDCI3) 0.88 (311, brs, CH3), 1.15-1.60 (16H, m), 2.58 (IH, 
brs, ai), 3.20-3.40 (III, m, H-3) , 7.20-7.70 (5H, m, CgHs) .

Notes
1. The heptanal was distilled prior to use.

Preparations of 2-methyl-5-phenyl-2-phenylseleno-3-pentanol (168c)

(153 ) (168c)
Using the same procedure as for the preparation of (168a), 2-lithio-

2-phenyIselenopropane (152) (0.28 mmol) and 3-phenyIpropanal^ (37 ul.
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0.28 mmol) in THF (2 ml) were reacted together at -78°C for Ih. After 
work-up and flash chronatography (5:1 petroleum ether-ether) 2-methy1-
5-phenyl-2-phenylseleno-3-pentanol (168c) was obtained as a colourless 
oil (84 mg, 89%).

Rf 0.5 (5:1 petroleum elher-ether);

6 n (90 MHz; CDCI3) 1.25 (3H, s, Œ 3)f 1.30 (3H, s, CH3 ), 1.52-1.85 (2H, 
m, H-4), 2.38-3.11 (3H, m) , 3.20-3.45 (IH, m, H-3), 7.10-7.60 (lOH, m, 

C gIJs) .

Notes
1. 3-PhenyIpropanal was distilled prior to use.

Preparation of 2,4-dimethyl-3-2'-phenylethyl-4-phenylseleno-1-penten-
3 -0 I (169)

HO

Ph
SePh

( 1 6 9 )

Ph 

( 89  I

Using tlie same procedure as for the preparation of (168a), 2-lithio-
2-phenyIselenopropane (152) (1.15 nmol) and 2-methyl-5-phenyl- 1-penten-

3-one (89) (0.2 g, 1.15 nmol) were reacted together in THF (5 ml) at 
-78°C for Ih then at roan temperature for Ih. After work-up [as for 
(168a)] and flash chronatography (20:1 petroleun ether-ether) 2,4- 
dimethyl- 3- 2' -phenylethyl-4-pdienylseleno-1-penten-3-ol (169) was 
obtained as a colourless oil (0.313 g, 73%).

Rf 0.33 (20:1 petroleum ether-ether);
Umax (film) 3480brm, 3060s, 3025s, 2965s, 2870s, 1625m, 1605m, 1580m, 
1498m, 1475m, 1455s, 1438s, 1380s, 1120s, 1022m, 1000m, 905m, 740s, 695s;
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ôn (300 MHz; CDCI3) 1.37 (3H, s, CH3) , 1.44 (3!I, s, Œ 3 ) , 1.91 (3H, d,
J =0.6 Hz), 2.07-2.19 (211, m, H-1'), 2.48 (IH, ddd, J = 13.7, 9.4, 6 . 8  

Hz, H-2'), 2.71 (IH, s, OH) , 2.80 (III, ddd, J = 13.7, 9.5, 7.8 Hz, H-2'),
5.08 (IH, s, H-1), 5.18 (IH, m, H-1), 7.14-7.33 (8H, m), 7.58-7.64 (2H, 
m) ;

ôc (75 MHz; CDCI3) 22.69(g), 26.87(g), 27.01(g), 30.27(t, C-l'), 38.33 
(t, C-2'), 60.93(s, C-4), 81.85(s, C-3), 114.92(t, C-l), 125.61(d),
127.92(s), 128.28(d), 128.34(d), 128.65(d), 138.46(d), 142.75(s), 

I45.20(s);
m/z 355 (M^-18), 312(5), 217(15), 199(14), 157(12), 154(11), 133(17), 
111(15) , 105(67), 91(100).

Preparation of 2,4-dimethyl-3-2'-phenylethyl-1,3-pentadiene (88)

MO

Ph

( 1 6 9 )

Ph

( 8 0 )

Thionyl chloride^ (42 ul, 0.58 imol) in dichloronethane (2 ml) was 
added to a stirred mixture of 2,4 -dimethyl-3 - 2 ' - pheny lethyl- 4-pheny 1- 
seleno-l-penten-3-ol (169) (0.108 g, 0.29 rrmol) and triethylamine 
(0.282 ml, 2 mmol) in dichlorcmethane (2 ml) under nitrogen, at roan 
temperature.^ The reaction was monitored by t.l.c. and after 2h no 
starting material remained. The reaction was then poured into water 
(10 ml) , extracted with ether (2 x 20 ml) , washed with HCl 1 M (10 ml) 
and finally saturated brine solution (10 ml). The organic layer was 
dried (MgSOi, ) and the solvent ranoved ^  vacuo. After purification by 
a "clircmatotron” (petroleun ether) 2,4-dimethyl-3-2'-phenylethyl-1,3-
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pentadiene (88) was obtained as a colourless oil (36 mg, 62%)

Notes
1. Freshly distilled fron linseed oil.
2. Metliod described by Renion and Krief, see Ref. 106.
3. Identical in spectral properties to that prepared previously,

Preparation of 2-methyl-1-phenyl-2-propen-l-ol (170)^

0,A„Ph  
(170)

Propenyl Grignard was prepared as in the preparation of (253) fron

magnesium turnings (1.25 g , 50 nmol) and 2-brcmopropene (3.3 ml, 37
2nmol) in THE (40 ml) . To the Grignard solution was added benzaldehyde 

(3 ml, 30 nmol) in THF (10 ml) . After work-up a crude yield of 2- 
methyl-1-phenyl-2-propen-l-ol (170) was isolated (4.22 g, 95%).^

Rf 0.29 (10:1 petroleum ether-ether);
ÔH (90 MHz; CDCI3) 1.55 (3H, s, CH3), 2.10 (IH, s, OH), 4.90 (IH, s),
5.10 (IH, s) , 5.15 (IH, s), 7.28 (5H, s, Celjs) •

Notes
1. Known compound, see Ref. 158.
2. Washed with aqueous sodium bicarbonate, dried (MgSOn) then 

distilled prior to use.
3. Used without further purification in the next stage.
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Preparation of 2-mebhy1-1-phenyl-2-penten-1-one (171)^

0
-► Ph

(170) (171)

Using the same procedure as for the preparation of (89) a solution 

of 2-methyl-1-phenyl-2-propen-l-ol (170)^ (4.22 g , 28.5 nmol) in 
dichlorcme thane (40 ml) was oxidised with a preformed solution of 
chrcmium trioxide^ (17.1 g, 0.171 mol) and pyridine (27 g, 0.34 mol) 
in dichlorcmethane (400 m l ) A f t e r  standard work-up and flash 
chromatography (20:1 petroleum ether-ether) 2-methyl-1-phenyl-2-penten-

1-one (171)^ was obtained as a colourless oil (2.93 g, 70%).

Rf 0.39 (20:1 petroleum ether-etJier);
Vmax (film) 3080m, 3060m, 2980m, 2960m, 2925m, 1660s(C=0), 1600m, 1588m, 
1448s, 1400w, 1372W, 1330s, 1200s, 1177s, 1075w, 900s, 750s, 710s;
6n (90 MHz; CDCI3) 2.02 (3H, s, Œ 3 ) , 5.58 (IH, s, H-3) , 5.86 (IH, s,
H-3), 7.25-7.75 (5H, m, CsHs);
m/z 146 (M+, 26), 118(23), 105(100), 77(70).

Notes
1. Known compound, see Ref. 158.
2. Obtained crude frcm the previous reaction.
3. Dried over P 2 O 5  at 60°C under vacuum overnight.
4. Method described by Ratcliffe and Rodehorst, see Ref. 53.
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Preparation of 2,4-dimebhyl-3-phenyl-4-phenylseleno-1-penten-3-ol (172) 
and 2 ,4-dimethyl-1 -phenyl-4-phenylseleno-1 -pentanone (173)

OH ^
Q

Ph

SePh

( 172)

Ph'
SePh

P h

(171)

Using tlie same procedure as for the preparation of (168a), 2-llthlo- 
2-pheny1selenopropane (152) (2.06 rnnol) and 2-methyl-1 -phenyl-2-penten- 
1-one (171) (0.3 g, 2.05 ititkdI) were reacted together In THF (6 ml) at 

-78°C for Ih then at room tenrperature for Ih. After vrork-up [as for 
(168a) ] and flash chromatography (20:1 petroleun ether-ether) 2,4- 
dimetliyl- 3-phenyl- 4-phenylseleno-1 -penten-3-ol (172) and 2,4 -dimethyl-1 - 
phenyl-4-phenylseleno-1-pentanone (173) were obtained as a pale yellow 
solid (0.21 g, 29%) m.p. 66-70°C, and a pale yellow oil (0.27 g, 38%) 
respectively.
172

Rf 0.59 (20:1 petroleun ether-ether);
Umax (nujol mull) 3480w(OH), 133&n, 1163m, lll&n, 1038s, 995w, 912m, 
900m, 762s, 745s, 710m, 696s;
6 h (300 MHz; CDCI3) 1.03 (3H, s, Qla), 1.61 (3H, m, CH3), 1.67 (3H, s, 
ai 3), 3.34 (IH, s, ai), 5.22 (IH, m, H-1), 5.73 (IH, s, H-1), 7.20-7.66 

(lOH, m, CeHs);
ÔC (75MHz; CDCI3) 21.71(q), 28.11(g), 29.22(g), 58.71(s, C-4), 83.64(s, 
C-3), 113.64(t, C-l), 126.96(d), 127.05(d), 127.95(d), 128.49(s), 
128.68(d), 138.31(d), 139.30(s), 146.85(s);
m/z 346 (M+, 1), 344 (M+) , 314(4), 312(2), 234(5), 232(2), 199(30), 
197(13), 189(26), 147(25), 129(25), 119(34), 105(100).
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173
Rf 0.47 (20:1 petroleum ether-ether);

Vmax (film) 3060m, 2970s, 2930s, 2875m, 1680s(C=0), 1600m, 1580m, 
1450s, 1365m, 1255m, 1215m, 1115m, 1022m, 1001m, 975s, 795n, 740s;
6h (300 MHz; CDCI3) 1.17 (6H, s and d overlapping, J=7.2 Hz, CH3),

1.38 (311, s. Oh) , 1.56 (HI, dd, J 33 =14.8, J = 2.2 Hz, H-3), 2,50 (IH, 
dd, J 33 =14.8, J=8.8 Hz, H-3), 3.94-4.04 (IH, m, H-2), 7.21-7.63 (8H, 
m), 8.02-8.06 (2H, m);

6c (75 MHz; CDCla) 20.48(g), 29.29(g), 31.67(g), 38.12(d, C-2), 45.51 
(t, C-3), 48.17(s, C-4), 127.66(s), 128.31(d), 128.45(d), 128.56(d), 
128.59(d), 132.83(d), 136.31(s), 138.04(d), 203.81 (s, C=0); 
m/z 346 (M+, 2), 344 (M+, 1), 314(4), 312(2), 234(4), 232(2), 189(39), 
171(23), 105(100).

Preparation of 2,4-dimethyl-3-phenyl-1,3-pentadiene (174)

Ph
SePh

I 172 1 ( 1 7 4 )

Using the same procedure^ as for the preparation of (88) (on page 139) 
a solution of 2,4-dimethyl-3-phenyl-4-phenylseleno-1-penten-3-ol (172) 
(0.195 g, 0.57 mmol) was treated with tliionyl chloride^ (82 ul, 1.13 
mmol) and trietliylamine (550 ul, 3.96 mmol) in dichloromethane (6 ml). 
After wDrk-up and purification by "chromatotron” (petroleum ether) 2,4- 
dimetliyl-3-phenyl-1,3-pentadiene (174) was isolated as a colourless oil 
(64 mg, 66%).

Rf 0.65 (petroleum ether);

-143-



Vmax (film) 3075s, 2980s, 2970s, 2910s, 2855s, 2720w, 1630m, 1600m, 
1490s, 1440s, 1370s, 1205w, 1090m, 1070m, 1002w, 987w, 895s, 763s,
700s;
6 n (300 MHz; CDCI3) 1.63-1.64 (6H, m, Qh) , 1.87 (3H, s. Oh) r 4.84-4.85 
(IH, m, H-1), 5.02-5.03 (IH, m, H-1), 7.14-7.3 (5H, m, CeHs);
6 c (75 MHz; CDCI3) 21.66(g), 22.02(g), 22.63(g), 114.05(t, C-l), 
126.12(d), 127.78(d), 128.42(s), 129.21(d), 139.10(s), 141.41(s).

Notes
1. Method described by Ronion and Krief, see Ref. 106.
2. Distilled frcm linseed oil.

Preparation of 3,8-diphenyl-2,2,4-trimetliyl-1,6,8-triazo[4,3,0]bicyclo- 
non-3-ene-7,4-dione (175)

—
( 1 7 4 )  ( 1 7 5 )

4-Phenyl-l,2,4-triazoline-3,5-dione (136)^ (16 mg, 87 umol) in 
acetone (250 ul) was added to a solution of 2,4-dimethyl-3-phenyl-l,3- 
pentadiene (174) (15 mg, 87 umol) in dichlorcmethane (250 ul) at room 
temperature. After Ih the solvent was removed ^  vacuo and the resulting 
white solid recrystallised twice frcm methanol to yield 3,8 diphenyl-
2,2,4- trimethyl-1 ,6 ,8 -triazo[4,3,0]bicyclonon-3-ene-7,9-dione (175) as 
a white crystalline solid (21 mg, 69%), m.p. 153-5°C.

C 2 iH2 iN3 0 2 reguires C 72.60%, H 6.09%, N 12.09%, 
found C 72.38%, H 6.11%, N 12.00%.

Vmax (nujol mull) 1770m, 1710s(C=0), 1598w, 1503m, 128^, 1248w, 1138hi, 
840w, 798w, 760m, 742s, 720m, 700m, 693m;
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6n (90 MHz; CDCI3) 1.43 (311, s, Œ 3 ) , 1.54 (6H, s, OU), 4.08 (2H, s, 
H-5), 6.95-7.52 (lOH, m, CeHs);
m/z 347 (M+, 75), 332(100), 213(54), 198(27), 171(29), 157(16), 143(20), 
129(38).

Notes
1. Prepared according to literature, see Ref. 95 also see Ref. 94.

Preparation of 2-metliyl- 1-nonen-3-ol (176) ̂

0 

(176)

Propenyl Grignard was prepared as in the preparation of (253) frcm
magnesium turnings (0.81 g, 34 nmol) and 2-brcmopropene (2.4 ml, 27

2nmol) in niF (20 ml) . To the Grignard solution was added heptanal 
(3 ml, 22 nmol) in THF (20 ml) . After ^h at rocm temperature the mixture

3was worked-up in tlie usual way to yield 2-metliyl-l-nonen-3-ol (176) as 
a pale yellow oil (3.47 g, 99%).

Rf 0.40 (10:1 petroleum ether-ether);

ÔH (90 MHz; CDCI3) 0.74-0.93 (3H, m, Olg), 1.13-1.53 (lOH, m) , 1.68 (3H, 
s, CH3) , 1.75 (IH, s, ŒI) , 4.0 (IH, brt, J = 6 Hz, H-3), 4.76 (IH, s with 
seme fine splitting, H-1), 4.88 (IH, brs, H-1).

Notes
1. Literature procedure, see Ref. 159.
2. Distilled prior to use»
3. Used without furtlier purification in the next stage.
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Preparation of 2-meUiy1-1-nonen-3-one (177)^

oil 0

( 176  ) (177  )

Using tlie same procedure as for the preparation of (89) a solution 
of 2-methyl-1-nonen-3-ol (176)^ (3.47 g, 22 nmol) in dichlorcmethane

3(30 ml) was oxidised witli a preformed solution of chrcmium trioxide 
(13.3 g, 133 mmol) and pyridine (21.5 ml, 266 nmol) in dichlorcmethane 
(300 ml).^ After standard work-up and flash chrcmatography (20:1 
petroleum etlier-etlier) 2 -methyl-1 - nonen- 3 - one (177)^ was obtained as a 
colourless oil (2.4 g, 70%).

Rf 0.61 (20:1 petroleum ether-ether);
Vmax (film) 3095w, 2940brs, 2860s, 1675s(C=0), 1630s, 1450s, 1410m, 
1370m, 1125m, 1070s, 980w, 930s, 725w;
6„ (90 MHz; CDCI3) 0.80-1.0 (3H, m, Œ 3), 1.23-1.70 (8H, m), 1.88 (3H, 
s, CII3), 2.68 (2H, t, J = 7.5 Hz, H-4) , 5.75 (HI, s, H-1), 5.95 (HI, s, 
H-1) ;
m/z 154 (M+, 10), 111(15), 105(18), 84(80), 69(100).

Notes
1. Known compound, see Ref. 160.
2. Obtained crude frcm the previous reaction.
3. Dried over P2O 5 at 60°C under vacuum overnight.
4. Method described by Ratcliffe and Rodehorst, see Ref. 53.
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Preparation of 2,4-dimethyl-3-he?cyl-4-phenylseleno-l-penten-3-ol (178)

1 /

11771 ( 1 7 8 )

Using the same procedure as for the preparation of (168a) , 2-lithio-
2-phenyIselenopropane (152) (3.24 imiol) and 2-methyl-1-nonen-3-one (177) 
(0.5 g, 3.24 nmol) were reacted together in THF (14 ml) at -78°C for Ih
then at rocm temperature for Ih. After work-up and flash chrcmatography

(2 0 : 1  petroleum ether-ether) 2 ,4-dimethyl-3-hexyl-4-phenylseleno-1 - 
penten-3-ol (178) was obtained as a pale yellow oil (0.988 g, 8 6 %).

Rf 0.58 (20:1 petroleum ether-ether);

Vmax (film) 3480brm(a0, 3060w, 2955s, 2920s, 2855m, 1578w, 1460m, 1435m, 
1378m, 1110m, 1065w, 1020m, lOOOw, 900m, 740s, 693s;
6 „ (300 MHz; CDCI3) 0.86-0.92 (3H, m, Œ 3), 1.24-1.33 (8H, brs), 1.36
(3H, s, aig), 1.43 (311, s, 0 1 3 ), 1.78-1.87 (5H, m) , 2.49 (IH, s, OH) ,
5.0 (IH, s, H-1), 5.08 (IH, m, H-1), 7.22-7.38 (3H, m), 7.63-7.67 (2H, 
m) ;

6c (75 MHz; CDCI3) 14.01(g), 22.59(t and q overlapping), 23.59(t), 
26.92(g), 27.07(g), 29.77(t), 3l.80(t), 35.91(t), 60.66(s, C-4), 81.97 
(s, C-3), 114.47(t, C-l), 128.19(s), 128.52(d), 138.49(d), 145.56(s); 
m/z 354 (M+, 1), 352 (M+), 311(2), 214(31), 212(15), 197(11), 182(11), 
158(100), 113(28).
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Preparation of 2,4-dimethyl-3-hexyl-1,3-pentadiene (179) 
HO

/y^SePh
( 1 7 8 ) ( 1 7 9 )

Using the same procedure^ as for the preparation of (8 8 ) (on page 139) 
a solution of 2,4-dimethyl-3-hexyl-4-phenylseleno-l-penten-3-ol (178)
(0.4 g, 1.13 itinol) was treated with thionyl chloride^ (165 ul, 2.27 itinol) 
and triethy lamine (1.1 ml, 7.93 mmol) in dichloranethane (15 ml). After 
work-up and purification by "chranatotron" (petroleum ether) and Kugel- 
rohr distillation (50°C at 15 irwHg) 2,4-dimethyl-3-hexyl-1,3-pentadiene

(179) was isolated as a colourless oil (0.132 g, 65%).

Rf 0.7 (petroleum ether);
C 1 3H 24 requires C 86.59%, H 13.41%, N 0.00%, 

found C 86.44%, H 13.22%, N <0.2%.
Xmax (CH3CN) 236 (e 1910 dm^ mol"^ cm"M;
Vmax (film) 3080w, 2980s, 2925s, 2860s, 1632w, I450bm, 1370m, 1135w, 
895s;

6h (300 MHz; CDCI3 ) 0.88 (3H, brt, J = 6.7 Hz), 1.27 (8H, brs), 1.66 (6H, 
s, CH3 ), 2.75 (3H, dd, J = 1.5, 0.9 Hz, -CH3 ) , 2.06 (2H, brt, J = 7.4 Hz), 
4.53 (IH, dq, J = 2.8, 0.9 Hz, H-1), 4.90 (IH, dq, J = 2.8, 1.5 Hz, H-1) ; 
ÔC (75MHz; CDCI3 ) 14.10(q), 19.62(q), 21.72(q), 22.74(t and q over
lapping) , 28.67(t), 29.35(t), 31.19(t), 31.91(t), 112.72(t, C-l), 124.52 

(s), 137.03(s), 146.81(s);
m/z 180 (M+, 21), 165(16), 137(28), 123(17), 109(42), 95(60), 81(100), 
66(65) .

Notes
1. Method described by Renion and Krief, see Ref. 106.
2. Distilled frcm linseed oil.
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Preparation of 3-hexyl-8-phenyl-2,2,4-trimethyl-l,6,8-triazo[4,3,0]-
bicyclonon-3-ene-7,9-dione (180)

N-Ph

( 1 8 0 )( 1 7 9 )

4-Phenyl-1,2,4-triazoline-3,5-dione (136)^ (79 mg, 0.44 nmol) in 
acetone (1 ml) was added to a solution of 2,4-dlmethyl-3-hexyl-1,3- 
pentadiene (179) (80 mg, 0.44 nmol) in dichlorcmethane (1 ml) at roan 

temperature. After Ih the solvent was removed ^  vacuo and the 
resulting white solid recrystallised twice frcm methanol to give 3-hexyl- 
8 -phenyl-2,2,4-trimethyl-1,6,8 -triazo[4,3,0]bicyclonon-3-ene-7,9-dione
(180) as a white crystalline solid (96 mg, 70%), m.p. 8 8 °C.

C2 1HZ9O 2N 3 requires C 70.96%, H 8.22%, N 11.82%, 
found C 71.13%, l i  8.30%, N 11.97%.

Vmax (nujol mull) 1770m, 1710s, 1600w, 1505m, 1490m, 1420s, 1280m,
1200w, 1145m, lllOw, 840w, 810w, 760s, 750s, 690s, 650m;
6 h (300 MIIz; CDCI 3 ) 0.91 (3H, brt, J = 7  Hz, Œ 3) r 1.28-1.50 (8H, m) ,
1.62 (611, s, ai3), 1.76 (3H, s, CH3) r 2.01-2.07 (2H, m) , 3.94 (2H, s, 
H-5), 7.26-7.53 (5H, m, Cgljs) ;
ÔC (75MHz; CDCI3) 13.96(g), 16.75(g), 22.57(t), 23.10(g), 28.29(t), 
29.90(t), 31.42(t), 46.98(t, C-5), 62.49(s, C-2), 120.36(s), 125.42(d), 
127.78(d), 128.86(d), 131.32(s), 135.31(s), 152.24(s), 152.30(s); 
m/z 355 (M+, 40), 340(100), 270(5), 221(41), 193(28), 179(27), 151(11), 

123(27), 119(37), 109(38).

Notes
1. Prepared according to literature, see Ref. 95 also see Ref. 94.
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Preparation of trans-5-( 2 (dimetJiyl-t-butylsiloxy)prop-2”-enyl]-
1'-methylcyclohexyl}-2-methyl-pent-1-en-3-ol (182)

0

0 0
(182)

Propenyl Grignard was prepared as in the preparation of (253) frcm 
magnesium turnings (62 mg, 2.6 mmol) and 2-brcmopropene (0.21 ml, 2.4 
nmol) in THF (3 ml). To the Grignard solution was added trans-3-{2'- 
[l"- (dimethyl-t-butylsiloxy)prop-2 ”-enyl] - 1 ' -methylcyclohexylIpropion- 
aldeliyde (84) (0.7 g, 2.2 nmol) in THE (10 ml) and the mixture stirred . 
for ^h at room temperature. After usual work-up and purification by 
flasli chrcmatography (4:1 petroleum ether-ether) trans-5-(2'-[l"-(di
methyl- t-butylsiloxy) prop- 2 "-enyl] -1 '-methylcyclohexyl)-2 -methyl-pent-
l-en-3-ol (182) was obtained as a colourless oil (0.54 g, 6 8 %)

Rf 0.30 and 0.34 (4:1 petroleum ether-etJier);
Umax (film) 3350brm(OH), 3075w, 2930s, 2860s, 1650w, 1470m, 1462m,
1360m, 1252s, 1095s, 1078s, 1020s, 920s, 900m, 840s, 775s;
6 h (90 MHz; CDClj)^ -0.05 (3H, s, SiŒg) , 0.05 (3H, s, SiOIg) , 0.87 (9H, 
s, 5 1 0 (0 (3)3 ), 0.93 (3H, s, 0 (3), 1.05-1.65 (14H, m, 6 x Q b , H-2' and 
OH) , 1.73 (3H, s, CH3), 4.0 (IH, brs, H-3), 4.32 (IH, brd, J = 7.5 Hz, 
H-1"), 4.81-5.15 (4H, m) , 5.91 (IH, ddd, J = 17.5, 9.6, 7.0 Hz, H-2") ; 
m/z 348 (M^-18), 333(1), 309(2), 291(2), 239(12), 217(5), 171(100), 

135(17), 131(16), 115(27), 109(21).

Notes
1. Crude n.m.r. shows diastereoiscmer ratio to be approximately 

1:1.
2. a i d 3 signal set to 67.3.
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Prepciration of trans-5-{2(dimethyl-t-butylslloxy)prop-2"-enyl]-
1 ' -metliylcyclohexvl}-2-methvl-pent-l-en-3-one (183)

0
(182) t183)

Using the same procedure as for the preparation of (89) a solution 

of trans-5-{2'-[!"-(dlmethyl-t-butyIsiloxy)prop-2"-enyl]-l'-methylcyclo
hexyl} -2-methyl-pent- l-en-3-ol (182) (0.52 g , 1.42 nmol) in dichloro- 
metliane ( 1 0 ml) was oxidised with a preformed solution of chrcmium
trioxide^ (0.85 g, 8.5 nmol) and pyridine (1.38 ml, 17 nmol) in

2dichlorcmethane (15 ml) . After standard work-up and flash chrcmato
graphy (20:1 petroleum ether-ether) trans-5-{2*-[l”-(dimethvl-t-fcaityl- 
siloxy)prop-2"-enyl] -1' -metliylcyclohexyl} - 2-methyl-pent-l-en-3-one (183) 
was obtained as a colourless oil (0.383 g, 74%).

Rf 0.42 (20:1 petroleum ether-ether);
Umax (film) 2925s, 2855s, 1678s(C=0), 1633w, 1460m, 1370m, 1252s, 1094s, 
1020m, 1005m, 995m, 922s, 8 8 8 s, 775s;
6 „ (300 MIIz; CDClg)^ -0.03 (3H, s, SiQIa) , 0.Q3 (3H, s, SlQIa) , 0.86 
(911, s, SiC(ai3)3 ), 0.94 (3H, s, Œ 3 ) , 1.05-1.78 (15H should be IIH, m,
5 xaiz and H-2') , 1.87 (311, dd, J = 1.5, 0.9 Hz, Œ 3) , 2.59-2.65 (2H, m, 
H-4) , 4.34 (HI, d, J = 7.2 Hz, H-1"), 4.96 (IH, ddd, J3 ",2 "cis =10.3,
J 3,, 3 » = 1 .7 , J=0.9 Hz, H-3"), 5.03 (IH, ddd, J 3 ",2 "trans = 17.3,
J3 ,, 3 » =1.7, J = l.l Hz, H-3") , 5.74 (IH, m, H-1), 5.88 (IH, ddd, 

02",3"trans =17.3, J2",3”cis =10.3, J2 ",l" =7.2 Hz, H-2"), 5.94 (IH, m, 
H-1);
6 c (75 MHz; CDCI3) -4.52(g), -3.07(g), 17.78(g), I8.13(s, SiÇ(CHa)3 ), 
20.50(g), 21.11(t), 22.14(f), 26.02(g, SiC(gi3 )3 ), 26.67(f), 31.68(f), 
35.75(s, C-l'), 37.17(f), 38.62(f), 50.93(d, C-2'), 72.82(d, C-l"),
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113.32(f), 124.10(f), 142.85(d), 144.58(s, C-2), 202.82(s, C-3); 
m/z 364 (M+), 307(23), 339(5), 171(100), 115(28), 109(23), 105(10); 

CzzH^oOzSi requires 365.2876,
found 365.2878.

Notes

1. Dried over P2O 5 at 60°C under vacuum overnight.
2. Method described by Ratcliffe and Rodehorst, see Ref. 53.
3. CHCI3 signal set at 67.3.
4. Chemical ionisation conditions used which showed (M +H) 

molecular ion.

Preparation of trans-5-{2* - (dimethyl-t-butylsilQxy)prop-2"-enyl]- 
1 ' -methylcyclohexyl}-3- (1 -methyl-1 '"-phenylselenoethyl) - 2-methyl-pent-
l-en-3-ol (184)

( 1 8 3 )  ^ S i M e , B u f (1 8 4 )

Using the same procedure as for the preparation of (168a) , 2-lithio- 

2-phenyIselenopropane (152) (1.05 nmol) and trans 5-{2'-[1"-(dimethyl-t- 
butyIsiloxy)prop-2"-enyl]-1'-methylcyclohexyl}-2-methyl-pent-1-en-3-one 
(183) (0.38 g , 1.04 nmol) were reacted together in THF (10 ml) at -78°C 
for Ih and then at roan temperature for Ih. After work-up and flash 
chrcmatography (20:1 petroleum ether-ether) trans-5-{2'-[!"-(dimethyl-t- 
butylsiloxy ) prop- 2" - enyl] -1 ' -methylcyclohexyl} - 3- ( 1 '"-methyl-1 "'-phenyl
selenoethyl) -2-methyl-pent-1-en-3-ol (184) was obtained as a colourless 
oil (0.503 g, 85%).

Rf 0.63 (20:1 petroleum ether-ether);
Vnax (film) 3480brw(Œ), 3070w, 2930s, 2855s, 1635w, 1580w, 1461s, 1438s,
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1380s, 1251s, 1120s, 1095s, 1078s, 1022s, 1005s, 920s, 838s, 774s, 740s, 
695s;
6 h (90 MHz; CDCI3 ) -0.04 (3H, s, SiCH3), 0.03 (3H, s, SiCHa), 0.85 (9H, 
s, SiC(Œ 3)3 ), 0.89 (3H, s, Œ 3), 1.03-1.73 (19H, m, 6 x CHz, 2 xCHg and 
H-2'), 1.83 (3H, s, CH3), 2.44 (IH, brs, CH) , 4.3 (IH, brt, J = 6.5Hz, 
H-1"), 4.83-5.23 (4H, m), 5.61-6.11 (IH, m, H-2'), 7.13-7.68 (5H, m, 

CeHs) ;

m/z 546 (M+ -18) , 544 (M+ -18) , 388(3), 349(15), 314(22), 312(18), 
220(15), 205(52), 171(100), 157(45).

Preparation of trans-2-[1"-(dimethyl-t-butvlsiloxy)prop-2"-enyl]-1- 
methyl-1 -[4'-methyl-3' - ( 1 "'-methylethenyl)pent-3' -enyl] cyclohexane (181)

(1B4) , ,6 1 )

Using the same procedure as for the preparation of (8 8 ) (on page 139)
a solution of trans-5-{2'- [1 "-(dimethyl-t-butylsiloxy)prop-2"-enyl]-1'-
methylcyclohexyl} -3- ( 1 -methyl- 1 "'-phenylselenoethyl) -2 -methyl-pent-1 -
en-3-ol (184) (0.214 g, 0.38 nmol) was treated with thionyl chloride^
(0.38 ml, 0.76 nmol) and triethylamine (0.365 ml, 2.66 nmol) in dichloro- 

2methane (4 ml) . After work-up and flash chrcmatography (petroleum 
ether) trans-2 - [1 "- (dimethyl-t-butylsiloxy)prop-2 "-enyl] -1 -methyl-1 - 

[4 ' -methyl- 3 ' - ( 1 -methyletheny 1 ) pent- 3-enyl] cyclohexane (181) was 
isolated as a colourless oil (80 mg, 54%).

Rf 0.78 (petroleum ether);

Umax (film) 3075m, 2920brs, 1633m, 1470s, 1460s, 1445s, 1371s, 1360m, 
1253s, 1094s, 1020s, 1005s, 994s, 920s, 895s, 838s, 775s, 680m;
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6 h (300 MHz; CDCla)^ -0.03 (3H, s, SiQls) , 0.03 (3H, s, Siah) , 0.87 
(9H, s, SiC(ai3 )3 )r 0.92 (311, s, CHg) , 1.03-1.57 (13H should be IIH, m, 
5 xai2 and H-2), 1.66 (6H, s, Qla) , 1.76 (3H, dd, J =1.4, 0.9 Hz, CHg) , 
1.86-2.09 (2H, m, H-2'), 4.36 (IH, brd, J = 7.2 Hz, H-l") , 4.55-4.56 (IH, 
m, H-2"') , 4.89-4.91 (IH, m, H-2"'), 4.96 (IH, ddd, J3",2"cis =10.3,
J 3 » 3 " =1.7, J = 0.9 Hz, H-3"), 5.03 (HI, ddd, J 3 ",2 "trans =17.3,

J3 ,, 3 „ =1.7, J = 1.1 Hz, H-3"), 5.89 (IH, ddd, J2",3"trans =17.3,

'7 2 " , 3"cis = 10.3, J 2 " , 1" =7.2 Hz, H-2 );

6 c (75 MHz; CDCI 3 ) -4.58(g), -3.01(g), 18.15(g, SiC(CH3 )3 ), 19.47(g), 
20.76, 21.11, 21.72, 22.26, 22.87, 24.80(1), 26.09(g, SiC(CH3 )3 ), 
26.84(b), 35.85(s, C-l), 38.60(b), 41.03(b), 50.22(d, C-2), 72.70(d, 
C-l"), 112.73(b), 113.08(b), 124.37(g), 137.14(s), 143.11(d, C-2"), 
146.88(s);

C 2 5 Hi,6 0 Si reguires 390.3318, 
found 390.3313.

Nobes
1. CHCI 3 signal seb bo 67.3.

Préparabion of brans-l-(2'-mebliyl-2'-[4"-mebhyl-3"-(l" -mebhylebhenyl)- 
penb-3"-enyl]cyclohexyl]-prop-2-en-l-ol (185)

OH

(181) (185)

A solubion of 40% agueous hydrofluoric acid (0.88 ml) was added via 
an Eppendorf syringe bo a sbirred solubion of brans-2-[1"-(dimebhyl-b- 
bubylsiloxy)prop-2 "- enyl] -1 -mebhyl-l- [4' -mebhyl-3' - ( 1 '" -mebhylebhenyl) -
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pent-3'-enyl]cyclohexane (181) (0.164 g, 0.42 imol) in acetonitrile 
(5 ml) in a glass round-bottomed flask.^ The reaction was monitored by 
t.l.c. and after 6h at room temperature the starting material had dis
appeared. The mixture was poured into water (2 ml), then neutralised 
with solid sodium bicarbonate and extracted with ether (3 x lO ml). The 
ccmbined organic extracts were dried (MgSO,, ) and then tlie solvent 
ranoved jji vacuo to yield trans-1- { 2 ' -methyl- 2 ' - [ 4" -methyl- 3" - ( 1'" -methyl- 
ethenyl)pent-3"-enyl]cyclohexyl)-prop-2-en-l-ol (185) as an oil (0.115 g, 
99%) which was used without further purification.

Rf 0.47 (5:1 petroleum ether-ether);
Vmax (film) 3400brs(OH), 3070m, 2920brs, 1630m, 1442s, 1370m, 12l8w,
1120m, 985m, 920s, 892s, 760s, 735s;
6 h (90 MIIz; CDCla) 1.0 (3H, s, CII3) , 1.12-1.58 (lOII, m), 1.61 (6 H, s, 
CH3), 1.72 (3H, s, CII3), 1.6-2.2 (overlapping with Qî3 , 4H, m), 4.33- 

4.57 (211, m), 4.81-5.28 (3H, m) , 5.83 (IH, ddd, J 2 ,3 trans=lG' '^2,3cis = 
10, Jgp 1 = 6  Hz, H-2) .

Notes
1. Method described by Newton et al,, see Ref. 117.

Preparation of trans-l-{2' -methyl-2'-[4"-methyl-3"-(l' -methyletheny1)- 
pent-3"-enyl]cyclohexyl)-prop-2-en-1-one (83)

OH 0
( 1 8 5 )  ( 83  )

Clircmium trioxide^ (0.239 g, 2.39 nmol) was added to a stirred solu
tion of pyridine (386 ul, 4.78 mmol) in dry dichlorcmethane (6 ml) at
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rocm temperature. The stirring was continued for a further 30 min. then 
trans l-{2' -methyl-2 ' - [4"-methyl-3"- ( 1 -me thyle theny 1 ) pent- 3 " - enyl ] - 
cyclohexyl)-prop-2-en-l-ol (185)^ (110 mg, 0.4 nmol) in dichlorcmethane

3(1 ml) was added. After 5 min. the mixture was filtered through a
short silica column and the chromium residues were washed with ether
(3 X 30 ml). The solvent was removed iji vacuo and the residue purified 
by "chromatatron" (40:1 petroleum ether-ether) to give trans-1-{2' -methyl■ 
2' - [4"-methyl-3"-(1'" -metliylethenyl)pent-3"-enyl]cyclohexyl]-prop-2-en-1- 
one (83) as a colourless oil (108 mg, 99%).

Rf 0.39 (20:1 petroleum ether-ether);
Vmax (film) 3075w, 2925s, 2860s, 1680s, 1672s, 1630m, 1608s, 1465m,
1445s, 1398s, 1370m, 1150w, 1083m, 983m, 965m, 895s, 758s;
6 n (300MHz; CDCI3) 1.00 (3H, s, CH3 ), 1.21-1.32 (4H, m), 1.45-1.78 (6H,
m) overlapping with 1.62 (3H, s, Qh)r 1.63 (3H, s, CH3), 1.72 (3H, dd,
J = 1.4, 0.9 Hz, CHs), 1.92-2.12 (2H, m, H-2"), 2.66 (IH, dd, ax =
11.0, Jfr 6 'eq =3.7 Hz, H-1'), 4.49 (IH, dq, Jg,,, g'" =2.8, J = 0.9 Hz, 
H-2"'), 4.86 (IH, dq, Jg», g», =2.8, J = 1.4 Hz, H-2'") , 5.65 (IH, dd,

‘̂ 3 3 =1.5 Hz, H-3), 6.17 (IH, dd, ^3 ^ 2 trans =17.4, J3 3  =
1.5 Hz, H-3), 6.40 (IH, dd, Jg^ 3  trans =17.4, Jg 3 ^ 1 9 =10.4 Hz, H-2) ;
6 c (75 MHz; CDCI 3 ) 19.16(q), 19.36(q), 21.54(t), 21.65(q), 22.70(q), 
24.85(t), 25.01(t), 25.27(t), 36.12(s, C-2'), 37.32(t), 41.75(t), 54.86 
(d, C-l'), 112.89(t), 124.53(s), 126.70(t), 136.61(s), 137.53(d, C-2), 

146.40(s), 203.60 (s, C-l);
CigHsoO requires 274.2297,

found 274.2294.

Notes
1. Dried over P 2O 5 at 60°C under vacuum overnight.
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2. Used directly fron previous step without purification.
3. Metliod described by Ratcliffe and Rodehorst, see Ref. 53.

Preparation of (IR/S,3R/S,8S/R)- 8,12,15,15-tetramethyltricyclo[9.3.1.0^'^]- 
pentadec-11-en-2-one (82)

0
(82)

Boron trifluoride etherate (18 ul, 0.15 nmol) was added to a stirred 
solution of trans-l-{2'-methyl-2' - [4"-methyl-3"- (1 '"-methylethenyl)pent- 
3"-enyl]cyclohexyl)-prop-2-en-l-one (83) (40 mg, 0.146 nmol) in toluene 
(1 ml) at -40°C. After 24h, t.l.c. showed no starting material and so 
the mixture was poured into water (5 ml) and extracted with ether (3 x 10 
ml) . The organic extracts were combined and dried (MgSO#,) . The solvent 
was ranoved under reduced pressure and after purification by "chromato
tron" (40:1 petroleum ether-ether) (1R/S,3R/S,8S/R)-8,12,15,15-tetra
methyltricyclo [9.3.1 .0 '̂̂ ]pentadec-1 1 -ene-2 -one (82) was obtained as a 

colourless oil (23 mg, 58%) .
Rf 0.33 (20:1 petroleum ether-ether);

Vmax (CH2CI2 ) 2930s, 2850m, 1678s(C=0), 1460m, 1390w, 1380m, 1368m, 1270w, 
1244m, 1218m, 948w, 800brm;
6 h (400MHz; CDCI 3 ) 0.94 (3H, s, 8 -0 1 3 ), 0.98-1.21 (4H, m ) , 1.08 (3H, s, 
0 1 3 ), 1.24 (3H, s, 0 1 3 ), 1.47-1.74 (6H, m )  , 1.82 (IH, d d d ,  J = 15.5, 12.7,
5.5 Hz, H-96) o v e r l a p p i n g  1.83 (3H, m ,  O I 3 )  , 1.97 (IH, d d d d ,  J = 15.4,
11.3, 8 .6 , 2.4 Hz, H-148), overlapping 2.02 (IH, ddd, J =18.3, 10.1, 2.4 

Hz, H-13a), 2.09-2.17 (IH, m, H-103) , 2.40 (IH, d, J = 8 . 6  Hz, H-1), 2.44-
2.59 (IH, m, H-133) , 2.81 (IH, ddd, J = 14.2, 12.7, 5.6 Hz, H-lOa) , 2.96
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(IH, dd, J = 12.2, 3.0 Hz, H-3) ;
6 c (100 MHz; C D C I3 ) 18.95(b), 21.81(b), 22.09(g), 22.17(g), 25.17(b),
26.02(g), 26.18(b), 26.39(b), 29.16(b), 29.69(g), 38.09(g), 38.78(g),
39.47(b), 41.08(b), 50.83(d), 62.79(d), 130.23(g), 137.68(g), 218.95(g);

C 1 9H 3 0O reguireg 274.2297, 
found 274.2288.

2.96 (H-3) ghowg a n.O.e. bo 1.83 (1 2 -QI3 , 1%), 2.81 (H-lOa) ghowg a 
n.O.e. bo 2.09-2.17 (H-103, 10%), 1.83 (1 2 -CH3 ), 1.82 (H-93), 2.44-2.59 
(H-133) ghowg a n.O.e. bo 2.02 (H-13a, 13%), 1.08 (1%), 2.40 (H-1) ghowg 
a n.O.e. bo 1.97 (H-143, 2.6%), 1.24 (1 5 -CH3 ), 1.08 (1 5 -CH3), 2.09-2.17 
(H-103) ghowg a n.O.e. bo 2.81 (H-lOa, 11%), 1.24 (1 5 -CH3 ), 1.83 (1 2 -CH3 ) 
ghowg a n.O.e. bo 2.96 (H-3, 3%), 2.81 (H-lOa, 5.5%), 1.24 (1 5 -CH3 ) ghowg 
a n.O.e. bo 2.40 (H-1, 3.5%), 2.09-2.17 (11-103, 5%), 1.08 (I5 -CH3 ), 0.94 

( 8 - C H 3 ) ,  1.08 (1 5 - Œ 3 ) ghowg a n.O.e. bo 2.96 (H-3), 2.44-2.59 (H-133),
2.4 (H-1) , 1.24 (1 5 -0 1 3 ) .

Preparabion of mebhyl 4,6-0-benzylldene-3-D-galacbopyranoglde (208)^
Ph

OMe
HO

OH OMeHO OH (200)(207)
Mebhyl 3-D-galacbopyranogide (207) (25 g, 0.129 mol) wag reached wibh

2 3iDenzaldehyde (65 ml, 0.644 mol) and anhydroug zinc chloride (19.3 g ,
0.142 mol) for 36h according bo liberabure procedureg. Afber work-up
and recrygballigabion from ebhanol mebliyl 4,6-0-benzylidene-3-D-galacbo-
pyranogide (208) wag obbained ag a whibe crygballine golid (20 g, 55%),

m.p. 198-199°C (lib.^ m.p. 198-200°C).
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[a]^°= -33° (1.96 inCHCla), lit.^[a]^°= -35.5° (2 in CHCI3) .

Notes
1. Literature procedure, see Ref. 134.
2. Washed with aqueous sodium bicarbonate, dried (MgSO^) then distilled 

prior to use.
3. Dried over P 2O 5 under vacuum overnight.

Preparation of methyl 4,6-Q-benzylidene-2,3-di-Q-tosyl-g-D-galacto- 
pyranoside (257) 1

Ph

no
OH

OMeTsO
O T s

OMe

1208) (257)
Methyl 4,6-0-benzylidene-$-D-galactopyranoside (208) (20 g, 71 nmol)

2in pyridine (52 ml) was reacted with p-toluensulphonyl chloride (40.5 g,
0.212 mol) in chloroform (80 ml) according to the literature.^ After 
work-up and recrystallisation frcm chloroform/petroleum ether methyl 4,6- 
O-benzylidene-2,3-di-0-tosyl-3-D-galactopyranoside (251)^ was obtained as a 
white crystalline solid (40.4 g, 96%), m.p. 167-170°C (lit.^ m.p. 171- 
172°C).

Notes
1. Literature procedure, see Ref. 131.
2. p-Toluensulphonyl chloride was recrystallised from petroleum ether 

prior to use.

-159-



Preparation of methyl 2,3-anhydro-4^6-0-benzylldene-3-D-talopyranoslde
( 205 ) 1 P h

O M eî s O
O T s1257)

OMe

(205)

MetJiyl 4,6-0-benzylidene-2,3-di-0-tosyl-6-D-galactopyranoside (257)
(lOg, 16.9 rrmol) was reacted with sodium methoxide (3M, 30 ml) in 

2dioxan (160 ml) according to the literature procedure. After work-up 
and recrystallisation from metlianol methyl 2,3-anliydro-4,6-0-benzylidene- 
6-D-talopi’̂ranoside (205)^ was obtained as a white crystalline solid 
(3.08 g, 69%), m.p. 245-249°C (lit.^ m.p. 248-250°C).

[a]p° = -143° (0.43 in pyridine), lit.^ [ a ] = -143° (0.4 in pyridine)22

Notes
1. Literature procedure, see Ref. 131.
2. Dried and distilled from sodium and benzophenone.

Preparation of metliyl 4,6-0-3-deoxy-3-C-methyl-3-D-idopyranoside (209) 
Ph Ph

OMe
1205) (2 09 )

Metliyl magnesium chloride (5 ml, 15.2 mmol) was added to methyl-2,3- 
anhydro-4,6-0-benzylidene-^-D-talopyranoside (205) (0.4 g, 1.52 nmol) in 
dry ether (60 ml) cind the mixture refluxed for 1 week under argon. The 
mixture was tlien quenched with a saturated aqueous solution of NH^Cl 

(50 ml) and the aqueous phase extracted with ether (3 x 100 ml) . The
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ccmbined organic layers were dried (MgSO^ ) and the solvent renoved in 
vacuo. The resultant oil was purified by flash chromatography to 
produce metliyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-D-idopyranoside 
(209) and two unidentified products (0.15 g) . The methyl 4,6-0-benzyl- 
idene-3-deoxy-3-C-metliyl-g-D-pyranoside (209) was recrystallised from 
diisopropylether to produce a white crystalline solid (0.19 g, 45%), 
m.p. 135-137°C.

[a)D= -95° (0.68 in CHCI3 );
Rf 0.5 (5:4.5:0.5 petroleum ether-ethyl acetate-methanol);
C 1 5II2 0O 5 requires C 64.27%, II 7.19%, N 0.00%,

found C 64.46%, II 7.33%, N 0.2%.

Vmax (CII2CI2 ) 3500m, 3480m, 2820s, 2755s, 1460s, 1375m, 1325w, 1210m, 
1155n, 1140s, 1055s, 1010s, 900w, 860w, 76&n, 700m;
6„ (300 mz; CDCI3) 1.49 (3H, d, J=7.8 Hz) , 2.42 (IH, qt, J =7.8, 1.8
Hz, H-3) , 3.40 (III, d, J = ll.l Hz, OH), 3.46 (IH, d with seme additional
splitting, J = 11.1 Hz, H-2) , 3.58 (311, s, O CII3 ) , 3.61-3.64 (III, m) , 
3.73-3.76 (111, m), 4.04 (IH, dd, J = 12.8, 2.3 Hz, H-6 ) , 4.35 (IH, dd,
J = 12.8, 2.1 Hz, H-6 ), 4.52 (111, d, J = 1 Hz, II-l) , 5.46 (III, s) , 7.28-

7.52 (511, m, CgIJs);
6 c (75MHz; CDCI3) 13.68(q), 38.78(d), 56.63(q), 66.22(d), 69.51(t), 
69.80(d), 76.31(d), 99.58(d), 101.08(d), 125.79(d), 127.89(d), 128.70(d), 
137.36(s);
m/z 280 (M+, 5), 262(10), 248(10), 190(5), 142(10), 131(25), 107(100).

Notes
1. Obtained as a 3M solution in THF frcm Aldrich.
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Preparation of mekhyl 2y3-anhydro-4,6-0-benzylidene-a-D-mannopyranoside
(214)1

HO

OMe(215)

Ph

OMe(2H)

Methyl 4,6-0-benzylidene-a-D-glucopyranoside (215) (11.28g, 40 nmol)
was reacted with sodium hydride (80% dispersion, 2.52 g , 84 nmol) and

2 3N-p-tolylsulphonyllmldazole (9.76 g , 44 mmol) In dry dlmetliylformamlde
(400 ml) according to literature procedure.^ After work-up and 
purification by sublimation (120°C at 0.2 mnHg) metliyl 2,3-anhydro-4,6- 
0-benzylldene-a-D-mannopyranoslde (214)^ was obtained as a white 
crystalline solid (4.14 g, 39%), m.p. 145-146°C (llt.^ m.p. 145-147°C). 

[a]^” = 103 (1 In CIICI3), llt.l [al^s = +i07 (1.6 In CICI3 ).

Notes
1. Literature procedure, see Ref. 137.
2. Prepared from imidazole and p-tolylsulphonyl chloride, see Ref. 

137.
3. Dried over 3A molecular sieves then distilled.

Preparation of methyl 4,6-0-benzylldene-3-deoxy-3-C-methvl-q-D-altro- 
pyranoslde (216)l

Ph

OMe(2U)
OMe

(216)

Méthylmagnésium chloride^ (58 ml, 0.174 mol) and metliyl 2,3-anhydro-
4,6-0-benzylldene-a-D-mannopyranoslde (214) (3.5 g , 13.3 nmol) were 
refluxed under argon for two weeks according to the literature procedure. 1
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After work-up methyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-altro- 
pyranoside (216) was obtained as a white solid (3.67 g, 99%) wliich was 
used in the next stage without further purification.

Rf 0.43 (1:1 petroleum ether-ethyl acetate);
6 ji (90 MIIz; CDCI3 ) 1.23 (311, d, J = 7.5 Hz, CH3) , 2,1 (IH, brs, OH), 2.35 
(IH, brm, H-3), 3.38 (311, s, OCH3) , 3.65-4.40 (5H, m) , 4.57 (IH, s, H-1) , 
5.60 (IH, s), 7.27-7.57 (5H, m, CgHs).

Notes

1. Literature procedure, see Ref. 130.
2. 3M solution in THF from Aldrich.

Ph

OMe
(216)

Preparation of methyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-g-D-ribo- 
hexopyranosid-2-ulose (258)^

OMe
( 250)

Trifluoroacetic anliydride (2.75 ml, 19.7 ninol) in dry dic)ilorcmet)iane 
(7 ml) was added dropwise, under nitrogen, over 10 min., to a cooled 
solution (-65°C) of dimethylsulphoxide^ (1.86 ml, 26.2 nmol) in dichloro- 
methane (26 ml). The mixture was stirred for a further 10 min. at -65°C 
tlien metliyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-altropyranoside

3(216) (3.67 g, 13.1 mmol) in dichlorcmetliane (30 ml) was slcwly added
keeping the mixture at -65°C. After an additional 45 min. at -65°C 
triethylamine (5.29 ml, 38 nmol) was added and the solution allowed to 
warm to rocm tonperature. The reaction mixture was diluted with ether 
(500 ml) then washed with IM HCl (2 x 100 ml) , a saturated aqueous solution 
of sodium bicartxDnate (2 x 1 0 0  ml) and finally with a saturated brine

-163-



solution (100 ml) . The organic layer was dried (MgSOi* ) and the solvent 
removed ^  vacuo. The residual oil was purified by flash chromatography 
(9:1 petroleum ether-ethyl acetate) to give methyl 4,6-0-benzylidene-3- 
deoxy-3-C-methyl-a-D-ribo-hexopyranosid-2-ulose (258)^ as a colourless 
oil (3.2 g, 88%).

Rf 0.30 (9:1 petroleum ether-ethyl acetate);

ÔH (90 MIlz; CDCI3) 1.32 (3H, d, J = 7 Hz, CH3 ) , 2.82-3.16 (IH, m, H-3), 
3.39 (3H, s, œil3), 3.55-4.48 (4H, m) , 4.53 (IH, s, H-1), 5.49 (IH, s) , 
7.22-7.5 (5H, m. Cells) .

Notes
1. Literature procedure, see Ref. 130.
2. Dried and distilled frcm calcium hydride.
3. Used directly from previous stage without further purification.

Preparation of metliyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-arabino- 
hexopyranosid-2-ulose (213)1

Ph Ph

OMeOMe( 250) (213)

Metliyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-ribo-hexopyranosid-
2-ulose (258) (3.2 g, 11.5 nmol) was stirred with triethy lamine (3.8 g,

2216 nmol) in dimethyl formamide (13 ml) at room temperature for 36h. 
After work-up and recrystallisation frcm petroleum ether (60-80) methyl
4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-arabino-hexopyranosid-2-ulose 
(213) was obtained as a vhite crystalline solid (2.6 g, 81%), m.p. 124- 
126°C (lit.^ m.p. 125.5-126°C).

[a]̂ ® = 60° (0.57 in aiCl3) , lit.^ [a]g= 56° (0.77 in CHCI3).
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Notes
1. Literature procedure, see Ref. 130.
2. Dried over molecular sieves then distilled.

Treatment of methyl 4,6-0-benzylidene-3-deaxy-3-C-methyl-g-D-arabino- 
hexopyranosid-2-ulose (213) with LDA

OHPh

OMe OMe
OMe(219)(220)213

LDA (0.385 mmol) was prepared frcm di-isopropylamine (60 ul, 0.423 
nmol) and n-butyllithium^ (200 ul, 0.385 nmol) in dry ether (1 ml) , 
under nitrogen, at 0°C for %h. Methyl 4,6-0-benzy lidene-3-deoxy-3-C- 
methy 1-u-D-acabino-hexopyranosid-2-ulose (213) (107 mg, 0.385 mmol) was 
added in ether (2 ml) to the stirred LDA solution at -78°C. The mixture 
was allowed to warm to rocm temperature then quenched with water (10 ml) . 
The aqueous phase was extracted with ether (3 x 20 ml) and each extract 
was washed with a saturated brine solution (10 ml) . The ccmbined organic 
extracts were dried (MgSOu) then the solvent removed m  vacuo. After 
flash chrcmatography (1:1 petroleum ether-ethyl acetate) methyl 4,6-0- 
benzylidene- 3 - deoxy- 3 - C-methyl - g - D- g lucopyranos ide (220) and methyl 4,6- 
0-benzylidene-3-decixy-3-C-methyl-a-D-mannopyranoside (219) were obtained 
in a ratio of (4:1) (65 mg, 60%).

Rf 0.37 (1:1 petroleum ether-ethyl acetate);

Umax (nujol mull) 3340m(OH) , 1305w, I220w, 1200w, 1183w, 1150m, 1125s, 
1075s, 1008s, 960m, 920w, 748s, 725m, 698s;
ÔH (300 MHz; CDCI3) 1.11 (3H, d, J = 6.8 Hz, CH3 (219)), 1.17 (3H, d, J =
6.4 Hz, CH3 (220)), 1.90-2.06 (2H, m, H-3 (220) and OH), 2.14-2.26 (IH,
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m, II-3 (219)), 3.14 (IH, dd, J= 10.5, 8.9 Hz, H-4 (220) ), 3.33 (IH, vbm,
H-2) , 3.40 (3H, s, OCH3 (219)), 3.45 (3H, s, OCH3 (220)), 3.58 (IH, dd,
J = 10.4, 9 Hz, H-4 (219)), 3.67 (IH, t, J = 10.4 Hz, H-6ax (220)), 3.72- 
3.84 (III, m, H-5 (219) aiid (220)), 4.25 (III, (219) and (220) overlapping, 
(220) dd, J =9.5, 4.1 Hz, H-6eq) , 4.57 (IH, d, J = 1.4 Hz, H-1 (219)),
4.67 (IH, d, J = 3.7 Hz, H-1 (220)), 5.49 (IH, s, (220)), 5.53 (IH, s,

(219)), 7.31-7.50 (5H, m, C gH s (219) and (220)).

Notes
1. n-Butyllithium was 1.93M by titration.

Preparation of metliyl 4,6-0-benzylidene-3-deaxy-2-0-trimethylsilyl-3- 
C-methyl-a-D-erythro-hex-2-enopyranoside (224)

0

OMe

/ ”Ph

Me,SIO OMe 

(213) (224)
IflTIP (0.72 mnol) was prepared from tetramethylpiperidine (133 ul,

0.79 nnol) and n-butyllitliium^ (400 ul, 0.72 mmol) in ether (2 ml) at 
0°C, under nitrogen for Ih. Metliyl 4,6-O-benzylidene-3-deoxy-3-C-methyl- 
a-D-arabino-hexopyranosid-2-ulose (213) (0.2 g, 0.72 irniol) in ether 
(2 ml) was added to the stirred LTMP solution at 0°C. After a furtlier 
Ih at 0°C trimetliylsilylchloride^ (0.27 ml, 2.16 mnol) was added and the 
mixture stirred for Ih at room temperature. The mixture was then poured 
into water and extracted with ether (2 x 50 ml). Each extract was washed 
witli a saturated brine solution, combined then dried (MgSO,*) . The solvent 
was removed hi vacuo and after flash chromatography (8:1 petroleum ether- 
ethyl acetate) methyl 4,6-0-benzylidene-3-deoxy-2-0-trimethylsilyl-3-C-
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niethvl-a-D-ervt±iro-hex-2-enopyranoside (224) was obtained as a colour
less oil (0.18 g, 71%).

la]̂ ° = 69.6° (0.8 in QlClg) ;
Rf 0.67 (8:1 petroleum ether-ethyl acetate);

ÔH (300 MHz; CDCla)^ 0.23 (9H, s, 8 1 (0 1 3 )3 ), 1.71 (3H, t, J = 1.2 Hz, 
aU) , 3.45 (3H, s, OCH3 ) , 3.81 (IH, dd, J = 10.3, 9.8 Hz, H-6ax) , 3.94 
(IH, dt, J =9.1, 4.3 Hz, H-5), 4.12 (IH, d with seme fine splitting, J =
8.8 Hz, H-4), 4.30 (IH, dd, J = 9.8, 4.3 Hz, H-6eq) , 4.61 (IH, s with 
seme fine splitting, H-1), 5.58 (IH, s), 7.33-7.54 (5H, m, CgHs);

6c (75MHz; CDCI3) 0.51(q, 8 1 (0 1 3 )3 ), 9.37(g), 55.63(g), 64.39(d), 69.05 
(t), 77.80(d), 97.78(d), 101.49(d), 115.55(s), 126.13(d), 128.08(d), 

128.76(d), 137.67 (s), 142.15(s);
m/z 350 (M+, 15), 335(5), 319(6), 244(7), 202(13), 200(12), 174(49), 
149(33), 105(32), 92(33), 73(100).

Notes
1. n-Butyllitliium was 1.8 M by titration.
2. Distilled frem tributylamine iirmediately prior to use.
3. O l d 3 signal set to 67.3.

An alternative preparation of methyl 4,6-O-benzylidene-3-deoxy-2-O- 
trimethylsilyl-3-C-methyl-q-D-erythro-hex-2-enopyranoside (224)

Ph-^o^ / °
OMe 

( 224 )

Methyl 4,6-0-benzylidene-3-deoxy-3-C-metJiyl-a-D-arabino-hexopyranosid- 

2-ulose (213) (0.234 g, 0.84 nmol) was stirred with triethylamine (281 ul, 
2.02 nmol) and freshly distilled trimethylsilylchloride^ (320 ul, 2.53

Ph

OMe
(2 1 3 )
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2rrmol) in dimet±iyl formamide (3 ml) under nitrogen for 36h. The mixture 
was then poured into water (30 ml) and extracted with ether (3 x 50 ml). 
Each extract was washed v;itli a saturated brine solution (30 ml) , 
ccmbined tlien dried (MgSOi, ). The solvent was removed ^  vacuo and 
after flash clrranatography (8:1 petroleum ether-ethyl acetate) methyl
4,6-Q-benzylidene-3-deoxy-2-0-trimethylsilyl-3-C-methyl-a-D-erythro-hex-

32-enopyranoside (224) was obtained as a colourless oil (0.257 g, 87%). 

Notes

1. Distilled frcm tributy lamine iirmediately prior to use.
2. Dried over molecular sieves then distilled.
3. Identical spectroscopic properties as (224) isolated in the 

previous experiment.

The reaction of methyl 4 ̂ 6-0-benzylidene-3-deoxy-2-0-trimethylsilyl-3- 
C-methyl-g-D-erythro-hex-2-enopyranoside (224) with m-CPEA

Me,SlO OMe

( 224 )

m-CPBA (23 mg, 0.13 nmol) was added to a solution of methyl 4,6-0- 
benzy lidene-3-deoxy-2-0-trimethylsilyl-3-C-methyl-a-D-erythro-hex-2-eno
pyranoside (224) (38 mg, 0.109 mmol) in dichlorcmethane (1 ml) at 0°C, 
under nitrogen. After Ih t.l.c. showed no starting material and so the 
solution was filtered tlirough a short alumina column and washed through 
with an additional amount of dichlorcmethane (5 ml). The solvent was 
removed ^  vacuo and after flash chromatography (10:1 petroleum ether- 
ethyl acetate) a colourless oil, (227) and ( 2 2 8 ) was obtained as a 
mixture of iscmers (6:1 by ’ll n.m.r.) , (18 mg, 45%).

Ph

OSIMe,  OMe 

(227 )
OMe

(228  )
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Rf 0.44 (10:1 petroleum etlier-ethyl acetate);
6 h (300 MIIz; CDCI 3 ) 0.22 (911, s, 8 1 (0 1 3 )3 , minor isaner) , 0.23 (9H, s,
8 1 (0 1 3 )3 , major Isaner), 1.46 (3H, s, O I 3 , major Isomer), 1.47 (3H, s,
minor Isaner), 3.47 (311, s, 0 0 1 3 , minor Isaner), 3.48 (311, s, OOI 3 , major
Isaner), 3.58 (III, d, J = 9.7 IIz, H-4, major Isaner), 3.63 (111, d, J = 9.7

Hz, H-4, minor Isaner), 3.67 (IH, t, J = 10.2 Hz, H - 6 a x ,  minor Isaner), 
3.71 (IH, t, J = 10.2 Hz, H-6ax, major Isaner), 3.87 (IH both Isaners 
overlapping, major Isaner dt, J = 9.7, 4.5 Hz, H-5), 4.22 and 4.21 both 
Isaners overlapping (IH, botli dd, J =10.1, 4.5 Hz, major, J = 10.2, 4.5 
Hz, minor, H - 6 e q ) , 4.74 (IH, s, H-1, major Isaner), 4.84 (IH, s, H-1, 
minor Isaner), 5.51 (IH, s, both Isaners), 7.35-7.50 (5H, m, CeHs, both 
Isaners) .

Notes
1. The structure Is tentatively assigned to be (227) and (228).

Preparation of methyl 4,6-0-benzylldene-3-deoxy-3,3-C-dimethyl-g-D- 
ery tliro - hexopy r anos Id - 2 - ulose (229)

P h

OMe
OMe

( 213 ) (229)

LTMP (0.72 nmol) was prepared fran tetramethylpiperidine (133 ul,
0.79 nmol) and n-butylllthlum^ (0.4 ml, 0.72 mnol) In etlier (2 ml) at 
0°C, under nitrogen, for Ih. A solution of methyl 4,6-0-benzylldene-3- 
deoxy-3-C-metliyl-a-D-arablno-hexopyranosld-2-ulose (213) (0.2 g, 0.72 
rrmol) In ether (2 ml) was added to the stirred LTMP solution at 0°C and 
after a further Ih at 0°C the ether solvent was removed, by means of a
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vacuum pump, wiiilst maintaining a nitrogen atmosphere. THF (1 ml) was 
then added, with stirring, followed by iodcmetliane (314 ul, 5.03 nmol) 
and FIMPA (63 ul, 0.36 nmol). The mixture was stirred for 4h at rocm 
temperature, tlien tlie mixture was poured into water ( 2 0 ml) and 
extracted with ether (3 x 50 ml) . Each extract was washed with a 
saturated brine solution (20 ml) then combined and dried (MgSOi, ) . The 
solvent was removed ^  vacuo and after flash chrcmatography (1 0 : 1  

petroleum ether-etliyl acetate) methyl 4,6 -O-benzylidene-3-deoxy-3,3-C- 
dimetliyl-g-D-erytliro-hexopyranosid-2-ulose (229) was obtained as a 
colourless oil ( 1 2 0 mg, 57%).

[a] = 16.3 (3.5 in EtOH);
Rf 0.48 (8:1 petroleum ether-ethyl acetate);

C 16H 2 0O 5 requires C 65.74%, II 6.90%, N 0.00%,
found C 65.71%, II 6.96%, N 0.00%;^

Umax (film) 3100w, 3065m, 3040m, 2980s, 2960s, 2860brs, 1730s(C=O),
1610w, 1500m, 1460s, 1405s, 1380s, 1368s, 1330s, 1310s, 1292s, 1220s,
1150s, 1110s, 1048s, 995s, 920m, 750s, 700s;
6,1 (300 MIIz; CDCI3) 1.25 (3H, s, Œ 3 ) , 1.33 (3H, s, CH3) , 3.44 (3H, s, 
œih) , 3.52 (HI, d, J = 9.6 Hz, H-4), 3.73 (HI, t, J = 10.1 Hz, H-6ax) f
4 . 2 7  (HI, dt, J = 9.7, 5.2 Hz, H-5), 4.39 (HI, dd, J = 10.1, 5.2 Hz, H-6 eq) ,
4.59 (HI, s, H-1), 5.51 (HI, s) , 7.3-7.52 (5H, m, CgIJs) ;

6 c (75 MIIz; CDCI3) 18.89(g), 20.72(g), 48.18(s, C-3) , 55.96(g, O - Œ 3) , 
59.89(d), 69.16(dd, C-6 ), 83.44(d), 101.19(d), 101.29(d), 126.05(d), 
128.10(d), 128.93(d), 137.3(s), 203.85(s, C-2);
m/z 292 (M+), 264(3), 204(3), 190(3), 148(93), 135(8), 120(20), 107(37), 
105(44) , 98(100).
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Notes
1. n-Butyllithium was 1.8 M by titration.
2. Sample for analysis was distilled by Kugelrohr (220°C at 0.1 

mnUg).

Preparation of methyl 4,6-0-benzylidene-3-deoxy-2-0-benzyl-3-C-methyl- 
g-D-erytliro-hex-2-enopyranoside (230)

0 1 0° I C»LPh
OMe

( 213) (230 )

LTMP (0.72 mnol) was prepared fran tetramethylpiperidine (133 ul,
0.79 nmol) and n-butyllithium^ (304 ul, 0.72 nmol) in dry etlier (2 ml) 
at 0°C, under nitrogen, for Ih. A solution of methyl 4,6-0-lDenzylidene-
3-deoxy-3-C-methyl-a-D-arabino-hexopyranosid-2-ulose (213) (0.2 g, 0.72 
nmol) in ether (2 ml) was added to the stirred LTMP solution. After a 
furtlier Ih at 0”C the etlier solvent was removed, by means of a vacuum 
pump, will1st maintaining a nitrogen atmosphere. THF (1 ml) was then
added, witli stirring, followed by benzylbranide (600 ul, 5.04 mnol) and
HMPA (63 ul, 0.36 nmol). The mixture was stirred for 3h at rocm 
temperature tlien poured into water (20 ml) and extracted with ether (3 x 
50 ml). Each extract was washed with a saturated brine solution (20 ml) 
tlien ccmbined and dried (MgSOi* ). The solvent was ronoved ^  vacuo and 
after flasli clircmatography (10:1 petroleum ether-ethyl acetate) and 
recrystallisation (isopropyletter) methyl 4,6-0-benzylidene-3-deoxy-2-

O-benzyl-3-C-methyl-g-D-erytliro-hex-2-enopyranoside (230) was obtained 
as a wliite crystalline solid (142 mg, 54%), m.p. 125-127°C.

[g]D = 24.6° (2.4 in QlCla);

— 171 —



Rf 0.63 (7:1 petroleum ether-ethyl acetate);
C 2 2H 2VO5 requires C 71.72%, H 6.57%, N 0.00%,

found C 71.38%, H 6.61%, N 0.01%;
Vmax (CII2CI2) 3040W, 2940m, 2920m, 2870m, 2835w, 1680w, ISOOw, 1455m,

1395m, 1360w, 1325w, 1218m, 1195n, 1165m, 1090s, 1060s, 1038s, 1010s,

965m, 920w;

6h (300 MHz; CDCI3) 1.77 (3H, t, J = 1.2 IIz, Olg) , 3.47 (311, s, OCH3 ) ,
3.80 (III, t, J = 10.0 IIz, H-6ax)/ 3.96 (III, dt, J = 10.0, 4.4 Hz, H-5),
4.09 (III, d with some fine splitting, J « 9  Hz, H-4), 4.30 (IH, dd, J =
10.0, 4.4 Hz, H-6eq)/ 4.83 (IH, s, H-1) overlapping, 4.81 (IH, d, J =11.5 
Hz), 4.89 (HI, d, J = 11.5 Hz), 5.56 (HI, s) , 7.28-7.52 (lOII, m, Celjs) ;

6c (75 MHz; CDCI3) 9.27(q), 55.55(q, OCH3 ), 64.03(d), 68.96(t), 73.26(t), 
77.45(d), 96.94(d), 101.58(d), 120.42(s), 126.06(d), 127.46(d), 127.67(d), 
128.02(d), 128.23(d), 128.75(d), 137.46(s), 137.51(s), 145.95(s); 
m/z 368 (M+, 2), 338(5), 337(5), 277(5), 246(6), 224(53), 202(13),
174(26), 159(17), 105(81), 91(100).

Notes
1. n-Butyllithium was 2.4 M by titration.

Preparation of metliyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-3-C-[̂ 113]- 
me thy 1 - a - D- erytliro- hexopyranosid- 2 - ulose (236)

H

Ph

OMe

Ph

OMe
(236) CP,(2 1 3)

Methyl 4,6-0-benzylidene-3-deoxy-3-C-methyl-a-D-arabino-hexopyranosid-

2-ulose (213) (0.1 g, 0.36 mnol) was treated with LTMP (0.4 mnol) as in
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the preparation of (229). The enolate was tlien alkylated with 
iodomethane^ (160 ul, 2.5 mnol) in THF ik ml) with HMPA (33 ul, 0.18 
nmol) as a co-solvent. After wark-up [as for (229)] and flash chromato
graphy (1 0 : 1 petroleum ether-ethyl acetate) methyl 4,6-0-benzylidene-3- 
deoxy-3-C-metliyl-3-C- [̂ Hg] -methyl-g-D-erytliro-hexopyranosid-2-ulose (236) 
was obtained as a colourless oil (52 mg, 49%).

Rf 0.5 (8:1 petroleum ether-ethyl acetate);
6 ii (400 MHz; C D C I 3 )  1.25 (3H, s), 3.46 (3H, s, OCH 3 ), 3.54 (IH, d, J =

9.6 Hz, H-4), 3.72 (IH, t, J = 10.3 Hz, H-6ax) r 4.28 (IH, dt, J = 9.7, 5.2 

Hz, H-5), 4.41 (IH, dd, J = 10.3, 5.2 Hz, H- 6 eq) , 4.60 (IH, s, H-1), 5.53 

(IH, s), 7.34-7.50 (5H, m, CeHs);

m/z 295 (M+, 1), 267(2), 207(4), 151(100), 120(19), 119(20), 105(67),
101(98);

5.53 si TOWS a n.O.e. to 3.54 (H-4, 8 .6 %), and to 3.72 (H-6 ax/ 4%);
4.60 (H-1 ) show a n.O.e. to 3.49 (OCH3 f 1.3%);
1.25 (OI3) shows a n.O.e. to 3.54 (H-4, 5%);
4.28 (H-5) shows n.O.e. to 4.41 (H-6 gq).

Notes
1. Obtained from Aldrich as 99% [ ̂ H3 ] iodcmethane.

Preparation of 1-(branovinyl)trimethylsilane (242)^

C L S K  M e . S L  . B r1 - Y
( 2 4 0 )  ( 2 4 2 )

A solution of bromine (79.9 g, 0.5 mol) in carbon tetrachloride (100 
ml) was added dropwise, under nitrogen, over l%h to a stirred solution 
of vinyltrichlorosilane (240) (63.6 ml, 0.5 mol) in carbon tetrachloride
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(500 ml) illuminated with a daylight lamp. The red solution was stirred 
for an additional Ih and then the solvent was removed under reduced 
pressure.

Quinoline (76.7 ml, 0.65 mol) was then added dropwise to the solvent
free mixture, under nitrogen, and after 30 min. a yellow precipitate

formed. The reaction mixture was then diluted with dry ether (200 ml)

and filtered under nitrogen. The etlier was distilled off at atmospheric
2pressure and then 1-(branovinyl)trichlorosilane (241) was distilled off, 

b.p. 65-75°C at 50 mmllg (lit.^ b.p. 70-71° at 53 mnHg).
Méthylmagnésium iodide (1.5 mol) prepared frcm iodcmethane (93 ml,

1.5 mol) and magnesium (37g, 1.52 mol) in ether (1,5 dm^) was added 
dropwise to a solution of 1-(branovinyl)trichlorosilane (241) in ether 
(500 an^), under nitrogen, at a rate so as to maintain a steady reflux. 

After tlie addition the mixture was refluxed for a further 5h and then 
poured into water (2 dm^). The aqueous phase was extracted with ether 
(1 dm^) and then dried (MgSOi, ) . The ether was distilled off at atmos
pheric pressure tlirough a 30 an Vigreux column cind finally 1- (branovinyl) - 
trimethylsilane (242)^ was obtained as a liquid (21.19 g, 24%), b.p. 
48-53°C at 56 rnnllg (lit.^ b.p. 56,7°C at 67 nrnHg) .

6h (90 MHz; C D C I 3 )  0.21 (9H, s, 8 1 (0 1 3 )3 ), 6.18 (IH, d, J = 2 Hz), 6.28 
(IH, d, J = 2 Hz) .

Notes

1. Literature procedure, see Ref. 149.
2. Air sensitive compound.
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Preparation of 3-trimethylsilyl-3-buten-2-ol (243) ̂
OH

^Br
Y

(243)

1-(Branovinyl)trimethylsilane (242) (21 g, 0.117 mol) in dry THF 
(30 ml) was slowly added to magnesium turnings (3.94 g, 0.164 mol) in 
THE (20 ml.) , under nitrogen, at such a rate so as to maintain a gentle 
reflux. After the addition, the mixture was refluxed for an additional 
Ih and then acetaldehyde^ (13.1 ml, 0.235 mol) in THE (10 ml) was added 
dropwise to the stirred solution. After the addition the mixture was 
refluxed for a further Ih. The majority of the THE was then distilled 
off at atmospheric pressure, and the residue was then diluted with 
ether (100 ml) and hydrolysed with saturated aqueous NHi,Cl solution (30 
ml). The aqueous layer was tlien extracted with ether (3 x 100 ml) and 
each extract washed with a saturated brine solution (50 ml). The 
coiibined ether extracts were dried (MgSOi») and the ether removed by 
distillation at atmospheric pressure to give a crude yield of 3-trimethyl- 
silyl-3-buten-2-ol (243)^ which was used directly in the next stage.

Notes
1. Literature procedure, see Ref. 150.
2. Freshly distilled prior to use.
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Preparation of 3-trimetliylsllyl-3-buten-2-one (237)^
OH

MegSi Me

12431 (2371
An aqueous solution (33 ml) containing chronic acid and sulfiiuric 
2acid was added to a solution of the crude 3-trimethylsilyl-3-buten-2- 

ol (243) (22 g) in acetone (20 ml) at 0°C. After the addition, iso- 
propylalcoliol was added until the mixture turned green, indicating 
consumption of the excess oxidising agent. The solution was then 
poured into water (100 ml) and extracted with ether (3 x 100 ml). The 
ether extracts were washed with a saturated brine solution (50 ml), 
then canbined and dried (MgSOi, ) . The ether was distilled off at 
atmospheric pressure through a 30 cm Vigreux column then continued 
distillation under reduced pressure gave 3-trimethylsilyl-3-buten-2-one 
(237)^ as a colourless liquid (4.79 g, 29%), b.p. 85-90°C at 75 irniHg, 
(lit.^ b.p. 98-103°C at 100 lunHg).

Umax (film) 3060w, 2960s, 2900m, 1725m, 1660s, 1400s, 1352s, 1270s, 
1235s, 1105w, 970s, 860s, 840s, 765m, 695m, 645n;
6,1 (90 MHz; C D C I 3 )  0.12 (9H, s, 8 1 (0 1 3 )3 ), 2.25 (311, s, H-1), 6.13 (IH, 
d, J = 2  Hz, H-4), 6.47 (HI, d, J = 2 Hz, H-4).

Notes
1. Literature procedure, see Ref. 150.
2. Oxidising reagent was prepared as described by Ref. 161.
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Ph

OMe

(246)

Preparation of methyl 4,6-0-benzylidene-2,3-C-(2-buten-2*-one)-3- 
deoxy- 3-C-methyl-a-D-arabino-hexopyranoside (246)

OMe
(2 1 3  )

LTMP (4.14 nmol) was prepared frcm tetramethylpiperidine (0.767 ml, 

4.55 nmol) and n-butyllithium^ (1.82 ml, 4.14 mmol) in ether (12 ml) as 
in the preparation of (229) . Methyl 4,6-0-benzylidene-3-deoxy-3-C- 
methyl-a-D-arabino-hexopyranosid-2-ulose (213) (1.15 g, 4.13 mmol) in 
ether (12 ml) was then added to the stirred LTMP solution at 0°C. After 
a further Ih the enolate solution was concentrated by removing approxi
mately half the ether solvent by means of a vacuum pump. 3-Trimethyl
silyl- 3-buten-2-one (237) (0.82 g , 5.79 mmol) was then added to the 
stirred enolate solution at -78°C. The mixture was then allowed to warm 
to rocm temperature and stirring continued for Ih. The mixture was then 
poured into water (100 ml) and extracted with ether (3 x 150 ml). Each 

extract was washed with a saturated brine solution ( 1 0 0 ml) and then 
dried (MgSOi* ). The ether was renoved ^  vacuo and after flash chrcmato
graphy (8 : 2  petroleum ether-ethyl acetate) a viscous oil was obtained

2with the following spectral properties.

Rf 0.49 (8:2 petroleum ether-ethyl acetate);

6 h (300 MHz; CDCI3 ) 0.07 (9H, s, Si(CH3 )3 ), 1.20 (3H, s, CII3 ), 1.83 (s 
with seme fine splitting, CH3 ), 1.89 (IH, dq, J = 16.7, 2.3 Hz), 2.08 (IH, 
brd, J=16.7 Hz), 3.14 (IH, s), 3.42 (3H, s) , 3.46 (IH, d, J = 9.6 Hz, 
H-4), 3.68 (IH, t, J = 10.0 Hz, H-6a%), 3.91 (IH, dt, J = 10.0, 4.9 Hz, 
H-5), 4.26 (IH, dd, J = 10.0, 4.9 Hz, H-6eq) , 4.42 (IH, s, H-1), 5.40 (IH, 

s), 7.27-7.42 (5H, m, CeHs) ;

-177-



ôc (75MHz; CDCI3) 0.34(g), 16.79(g), 20.00(g), 28.47(b), 37.01(s), 
55.84(g), 60.04*(d), 69.33(b), 77.27(d), 94.8 8 (s), 97.94(g), 101.47(d), 
102.85(d), 125.97(d), 128.10(d), 128.76(d), 137.74(g), 150.15(b); 
m/z 420 (M+, 2), 389(1), 350(3), 277(3), 204(10), 149(100), 105(18).

The viscous oil was heated at 80° for 6h in methanol (18 ml) contain
ing a 4% agueous solution of potassium hydroxide (1.9 ml, 1.36 nmol).
The methanol was then renoved h] vacuo and the residue extracted with 
etlier (250 ml). The ether extract was washed with a saturated brine 
solution (2 X 100 ml) and dried (MgSOi,) . The ether was removed in vacuo 
and after flash clircmatography (8 : 2  petroleum ether-ethyl acetate) 
metliyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-one)-3-deoxy-3-C-methy1-g-D- 
arabino-1 lexopyranoside (246) was obtained as a viscous oil (0.79 g,
58%) .

[a] = -38° (3.3 in QlCla) ;
Rf 0.44 (7:3 petroleun ether-ethyl acetate);
CigllpzOs requires C 69.07%, H 6.71%, N 0.00%,

found C 68.98%, H 6.65%, N 0.00%.

Vmax (CII2CI?) 3020W, 2940m, 2870m, 1685s(C=0), 1470m, 1453m, 1400m,
1390m, 1378m, 1335w, 1232m, 1218m, 1155s, 1125s, 1110s, 1095s, 1076s, 
1050s, 1035s, 993m, 970s, 910w, 880m;
ÔH (300 MHz; C D C I 3 )  1.48 (311, s) , 1.87 (IH, brdt, J = 14, 5 Hz, H-4 ,

2.25 (IH, ddd, J = 13.5, 5.0, 2.6 Hz, H-4'eq)r 2.43 (IH, dddd, J = 17.5 
5.0, 2.6, 0.8 Hz, H-3'eq), 2.55 (HI, ddd, J = 17.5, 14.6, 5.0 Hz, H-3'ax), 
3.38“3.41 (HI, d) overlapping 3.41 (3H, s) , 3.71 (IH, t, J = 10.2 Hz,
H-6ax), 4.19 (IH, dt, J = 9.8, 5.2 Hz, H-5), 4.34 (HI, dd, J = 10.2, 5.2

Hz, H-6eq), 4.89 (HI, s, H-1), 5.54 (HI, s) , 5.86 (HI, s) , 7.32-7.51 (5H, 

m, Cel ls )  ;
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ôc (75MHz; CDCI3) 16.60(q), 33.53(t), 34.61(b), 37.81(s), 55.16(q), 
59.71(d), 69.13(dd), 85.32(d), 101.47(d), 125.96(d), 127.15(d), 128.04 
(d), 128.87(d), 137.27 (s), 157.95(s), 198.56(s);
m/z 330 (M+, 5), 299(3), 240(1), 181(42), 152(100), 121(31), 105(19), 
91(25);
1.48 shows a n.O.e. to 2.25 (H-4'gq, 1.5%), 2.55 ( H - 3 2%), 4.19 (H-5, 

4%) ;
4.19 (H-5) shows a n.O.e. to 1.48 (1.5%);
4.89 (H-1) shows a n.O.e. to 5.86 (H-1, 8 %).

Notes
1. n-Butyllithium was 2.3 M by titration.
2. On sane occasions the intermediate was not purified but used 

directly in the next stage.

Reduction of methyl 4,6-0-benzylidene-2,3-C-(2-buten-2*-one)-3-deoxy- 
3-C-methyl-q-D-arabino-hexopyranoside (246) with DIBAH

Ph Ph

OMeOMe
OH0

( 2/ ,6 )

Ph OH

+

OMe

DIBAH (116 ul, 0.106 mnol) was added dropwise to a stirred solution 
of methyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-one)-3-deoxy-3-C-methy1- 

a-D-arabino-1 lexopyranoside (246) (35 mg, 0.106 mnol) in toluene (1 ml) 
at -78°C under nitrogen. After 2h the mixture was quenched with a 
saturated NH^Cl solution (10 ml) and IM HCl ih ml) . The mixture was 
extracted with ether (3 x 10 ml) and each extract washed with a saturated 

brine solution (10 ml) . The canbined extracts were dried (MgSOt,) and 
the solvent renoved in vacuo. After flash chrcmatography (1:1 petroleum
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etlier-ethyl acetate) methyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-ol)-3- 
deoxy - 3 - C -me thy 1 - a - D- ar abino- hexopyr anos ide (247) and (249) was obtained 
as a mixture of epimers at C-2' in a ratio of 3.4:1.

Rf 0.38 (1:1 petroleum etlier-ethyl acetate);

Vmax (film) 3440brm(ai), 3110w, 3065m, 3040s, 2970s, 1460s, 1395m, 1320w, 
1280w, 1158m, 1120m, 1100m, 1070s, 1040s, 990s, 955s, 925w, 870m, 750m, 
700s;

ÔH (300 MHz; CDCI3 ) 1.32 (3H, s, CH3 (249)), 1.40 (3H, s, Œ 3 (247)), 
1.44-1.67 (311, m, (247) and (249) ) , 1.88-1.97 (HI, m, (247) and (248) ) ,
2.00-2.11 (III, m, (247) and (249) ) , 3.27 (IH, d, J = 9.5 Hz, H-4 (247)),
3.37 (IH, d, H-4 (249)) overlapping 3.38 (3H, s, OCH3 (247)), 3.39 (3H, 
s, (XH3 (249)), 3.67 (IH, t, J = 10.2 Hz, H-6ax (247)), 3.68 (IH, t, J =
10.1 Hz, H-6ax (249)), 4.11 (IH, dt, J = 9.7, 5.4 Hz, H-5 (247) and (249)),
4.17-4.33 (2H, m, H-6eq and H-2' (247) and (249)), 4.77 (IH, s, H-1 (247)),
4.79 (IH, s, H-1 (249)), 5.51 (IH, s, (247)), 5.53 (IH, s, (249)), 5.72 
(HI, s with seme fine splitting, H-1 ' (247)), 5.84 (IH, brd, J = 4.4 Hz, 
H-1' (249)), 7.34-7.49 (511, m, CsIJs (247) and (249)).

Notes
1. IM solution in toluene frcm Aldrich.

Reduction of methyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-one)-3-deoxy- 
3-C-mettiyl-q-D-arabino-hexopyranoside (246) with 9-Borabicyclo[3,3,1]- 
nonane (9-BBN)

9-BBN^ (395 ul, 0.197 mmol) was added to a stirred solution of methyl 
4,6-0- benzylidene- 2,3-C- ( 2-buten- 2 ' - one) - 3-deaxy- 3-C-methyl-q-D-arabino- 
hexopyr anos ide (246) (62 mg, 0.188 nmol) in THF (̂  ml) under nitrogen at
0”C. After 2h, methanol (100 ul) was added (to destroy the excess 9-BBN) 
followed by 2M sodium hydroxide (108 ul, 0.217 mmol) and 30% hydrogen
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peroxide (42 ul, 0.4 irmol) . The mixture was then stirred for an 
additional Ih at roan tonperature. The aqueous phase was extracted with 
etlier (3 x 10 ml) and each extract washed with a saturated brine solution 
(10 ml) . The ccmbined extracts were dried (MgSOi,) and the solvent 
removed ^  vacuo. The residual oil was purified by flash chrcmatography 
(1:1 petroleum ether-ethyl acetate) to give methyl 4,6-0-benzylidene-2,3- 
C-(2-buten-2'-ol)-3-deoxy-3-C-methyl-a-D-arabino-hexopyranoside (247) 
and (249) as a mixture of epimers at C-2' in a ratio of 5:1^ (39 mg,
63%).

Notes

1. 0.5 M solution in TIIF.
2. High field n.m.r. was identical to that obtained in the previous 

reaction using DIBAH with only the ratio of (247) to (249) varying.

Reduction of methyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-one)-3-deoxy- 
3-C-methyl-q-D-arabino-hexopyranoside (246) with L-selectride

Ph

OMe

0

Ph

OMe
OH

(247)

L-Selectride^ (203 ul, 0.203 rrmol) was added to a stirred solution 
of methyl 4,6-0-benzylidene-2,3-C- (2-buten-2'-one) -3-deoxy-3-C-methyl-a- 
D-arabino-hexopyranoside (246) (67 mg, 0.203 nmol) in THF (1 ml) at 
-78°C under nitrogen. After l%h, when t.l.c. showed no starting material, 
2M sodium hydroxide (122 ul, 0.24 nmol) and 30% hydrogen peroxide (55 ul,
0.487 nmol) were added and the mixture stirred for Ih at rocm temperature. 
The aqueous layer was tlien extracted with ether (3 x 10 ml) and each 
extract washed with a saturated brine solution (10 ml). The ccmbined
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extracts were dried (MgSOi,) and the solvent removed ^  vacuo. The
residual oil was purified by flash chrcmatography (1 : 1 petroleum ether- 

2etliyl acetate) and recrystallisation (60-80 petroleum ether) to yield 
metliyl 4,6-0-benzylidene-2,3-C-(2-buten-2'-ol)-3-deoxy-3-C-methyl-a-D-

3arabino-hexopyranoside (247) as a white crystalline solid (55 mg, 82%), 
m.p. 125-126°C.

[aljj® = 8 ° (1.5 in EtOH) ;
CigH2i, 0 5 requires C 6 8 .6 6 %, H 7.28%, N 0.00%,

found C 6 8 .8 8 %, H 7.37%, N 0.00%;
Rf 0.4 (1 : 1 petroleum ether-ethyl acetate);

Vmax (nujol mull) 3440brm(OH), 1320m, 1280w, 1198w, 1168m, 1120m, 1100s, 
1070s, 1042s, 1030s, 990s, 955s, 870m, 750m, 700s;
6 n (300 MHz; CDCI3 ) 1.40 (3H, s, CH3) overlapping 1.4-1.52 (IH, m) over
lapping 1.56 (IH, tdd, J = 14.3, 9.5, 2.5 Hz), 1.73 (IH, brs, Œ1) , 1.89- 
1.97 (IH, m), 2.01-2.09 (III, m) , 3.27 (IH, d, J = 9.5Hz, H-4), 3.38 (3H, 
s, oais), 3.68 (IH, t, J = 10.2 Hz, H-6ax) , 4.12 (IH, dt, J = 9.7, 5.0 Hz, 
H-5), 4.23 (IH, brt, J = 5 Hz, H-2'), 4.30 (IH, dd, J = 10.2, 5.0 Hz,
H-6 eq), 4.78 (IH, s, H-1), 5.51 (IH, s), 5.72 (IH, s with seme fine
splitting, H-1'), 7.31-7.49 (5H, m, CeHs);
6c (75 MHz; CDCI3) 18.98(g), 28.29(t), 34.37(t), 37.33(s, C-3), 54.87(q, 
OCH3), 60.42(g), 67.41(d), 69.59(t, C-6 ), 86.74(d), 101.53(d), 103.27(d), 
126.13(d), 128.14(d), 128.87(d), 131.73(d), 137.79(s), 139.33(s).

Notes
1. L-Selectride was obtained frcm Aldrich as a IM solution in THF.
2 . I’he ratio of (247) to (248) after chrcmatography was approximately 

30:1.
3. A crystal which was suitable for X-ray analysis was obtained for 

crystal data, see Appendix 1.
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X-RAY CRYSTAL STRUCTURE DATA FOR THE ALLYLIC ALCOHOL (247)

Crystal Data C 1 9H 2 4O 5 , M = 332.39, Orthorhcmbic, Space Group P2i2i2i 
a = 10.053(1), b = 28.748(2), c = 6.079(16)A,
U = 1753.4 Z = 4, p = 0.54 an"^ X(Mo-Ka) = 0.7107 A, F(OOO) = 712.0
dx = 1.259 g an"^.

The unit cell parameters were determined frcm an oscillation photograph
for the rotation axis c, and frcm refined positional data of zero layer
reflections for a and b. The intensities of 3182 unique reflections 
with 26 <52° and (+h, ±k, +1) were measured on a Stoe STADI-2 Weissenberg 
diffractometer, with graphite monochrcmated Mo-K^ radiation using an 
cmega-scan technique. The data were corrected for Lorentz and polarisa
tion effects to yield 1180 reflections with I>3a(I).

The structure was solved using the TREF option of SHELXS 84*. All 
subsequent calculations were carried out using the ccmputer program 
SHELX-76**.

OHydrogen atoms were included in calculated positions (C-H = 1.08 A).
All non-hydrogen atcms were refined as anisotropic.
Final cycles of refinanent employed a weighting parameter g (.00054)
(w = l/[a^(F) +g(F)Z]} and gave the final residual indices 
R{=E|(|Fo|-|Fc|) |/Z|Fo|} 0.062 and Rw{ = [Ew (1f o |“ 1f c | ) V ^ w |Fo |^]^}
0.059. The final difference Fourier map was featureless and an analysis 
of the weighting scheme over |Fo| and sin 9/X was satisfactory.

The gecmetry of the molecule is shown in Figure . Final atonic 
positional and thermal parameters and lists of |Fo | and |Fc | values have 
been deposited as supplementary material with the editor frcm whan 

copies are available on request.
Acknowledgements - Leicester University Ccmputer Centre vho provided 
support and facilities for X-ray single crystal calculations and G. M.
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FIGURE 24
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TABLE 4
Fractional atomic co-ordinates for Allyl alcohol (247) C 1 9H 21+O5

Atom X y z

C 1) 0.0112 7) 0.03520 25) 1.2254 16)C 2) -0.1159 7 ) 0.05972 23) 1.1531 14 )C 3) -0.1026 7) 0.09973 24 ) 0.9925 14)C 4) 0.0141 6) 0.12938 24 ) 1.0761 16)C 5) 0.1396 7) 0.10049 26) 1.1080 18)C 6) 0.2505 7) 0.13216 28) 1.1819 18)C 7) -0.2305 7) 0.04719 22) 1.2368 14)C 0) -0.3619 7) 0.07041 24) 1.1946 15)C 9) -0.3570 7) 0.10063 23) 0.9938 17)C 10) -0.2280 6) 0.12930 23) 1.0044 17)C 11) 0.1440 8) 0.19456 25) 1.0058 19)C 12) 0.1547 7) -0.02708 25) 1.1441 18)c 13) -0.0777 8) 0.08393 23) 0.7592 14)c 14) 0.1586 6) 0.23329 18) 0.8449 11 )c 15) 0.2634 6 ) 0.23506 18 ) 0.6945 11)c 16) 0.2633 6) 0.26852 18) 0.5281 11)c 17) 0.1584 6) 0.30018 18) 0.5121 11)
c 18) 0.0536 6) 0.29839 18) 0.662 5 11)c 19) 0.0537 6) 0.26495 18) 0.8289 11 )n 1) -0.0101 7) 0.01649 25) 1.3754 16)
II 4) -0.0139 6) 0.14345 24) 1.2342 16)H 5) 0.1667 7) 0.08335 26) 0.9564 18)
II 7) -0.2306 7) 0.01753 22) 1.3461 14)
II B) -0.3822 7) 0.09194 24) 1.3363 15)
II 11) 0.1213 8) 0.20753 25) 1.1683 19)
II 15) 0.3446 6) 0.21057 18) 0.7069 11)
II 16) 0.3445 6) 0.26990 18) 0.4117 11)II 17) 0.1584 6) 0.32607 18) 0.3833 11)II 18) -0.0276 6) 0.32289 18) 0.6501 11)II 19) -0.0274 6) 0.26355 18) 0.9453 11)II 61) 0.3426 7) 0.11281 28) 1.1896 18)
II 62) 0.2276 7) 0.14603 28) 1.3426 18)
II 91) -0.3574 7 ) 0.07931 23) 0.8475 17)
II 92) -0.4421 7 ) 0.12363 23) 0.9915 17 )
II 101) -0.2270 6) 0.14847 23) 1.1572 17)
II 102) -0.2273 6) 0.15339 23) 0.8680 17 )
II 121) 0.1835 7) -0.05100 25) 1.0156 18)
II 122) 0.1176 7) -0.04641 25) 1.2836 18)
H 123) 0.2400 7) -0.00672 25) 1.1936 18)
II 131) 0.0115 8) 0.06299 23) 0.7538 14)
II 132) -0.0656 8) 0.11396 23) 0.6542 14)
II 133) -0.1613 8) 0.06352 23) 0.7028 14)
0 1) 0.0398 5) 0.16628 15) 0.9260 10)
0 2) 0.2636 5) 0.16951 17) 1.0279 13)
0 3) 0.1150 5) 0.06744 18) 1.2744 10)
0 4) 0.0521 5) 0.00339 16) 1.0635 10)
0 5) -0.4668 4 ) 0.03687 16) 1.1696 10)
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