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The BioTogist and the F7ea.

This particular researcher r,ìIas sLudying the behaviour of

a large and unusually cooperative f1ea. By virtue of years of

practice and self denial, he had trained the flea to iumP over

a matchbox on command whenever he ye1led the word ttjutptt.

Being a true scientisL, he wondered what it v/as that gave the

flea the ability to respond in that wãY, and decided it must

be the first of its three pairs of 1egs. To test his theory,

he tore off the front legs and again gave the command to jutp.

The flea jumped. Revising his hypothesis, he then Lore off the

middle two legs. He ye11ed tt jutptt and the f 1ea once rnore suc-

cessfull y cleared the matchbox. Finally in a f.ervor of

experimenta:- zea1, he pu11ed off the last pair of legs, and

once more issued the command. This time the flea remained im-

mobile. So the researcher drew the inevitable conclusion that

pulling off the fleats hind legs had made ít deaf.
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SU 1414ARY

This thesis deals with a synthesis Lowards virantmycin

( I ). The synthetic sLrategy was designed in such a vta'y as to

also alIow access to analogues of ( 1) . The work I¡/as divided

into three main parEs: the construcEion of a suiLably func-

tionalised aromatic ring, cYclisation to give a tetrahydro-

quinoline and the synthesis of the aPpropriate sidechain.

Chapter 1 describes a method of preparing ortho-a11y1-

anilines cleanly and in good yie1d. Aryllithium reagenLs were

formed in the presence of amide and carboxyl groups and aryl-

copper reagents hrere alkylated in the presence of amide and

hydroxyl groups. The successful allylation of the trifunctio-

na1 compound (59) represents the first step in the proposed

synthetic strategY.

Chapter 2 assesses the reactions of ortho-allylanilines

and their derivatives with various electrophi 1es. The amide

derivatives of these compounds could not be cyclised with mer-

curic sa1t,s, however Èhe free amines cyclised to form unstable

organomercurials. These intermediaÈes could not be halogenated

Eo form the desired 3-halotetrahydroquinolines. The 3-iodo-

tetrahydroquinolines (87) and (101) werè prepared by treating

ortho-allylanilines with iodine. The trifluoroaceEamide (62)
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gave the dihydroindol e (94) under the same conditions. Treat-

ment of ortho-al-lylanilines with either chlorine or bromine

did not produce any halogenated teLrahydroquinolines. The

epoxyamides (103) and (104) were treated with boron trifluo-

ride but no cyclised products were obtained. Treatment of

these compounds with potassium carbonate induced cyclisation

to form the dihydroindoles (II2) and (113).

Chapter 3 examines the synthetic apProaches to the side-

chain (B) required for the synthesis of virantmycin" The

initial strategies r./ere directed at a stereospecific synthesis

of individual stereoisomers. The reaction of vinyloxirane

(114) wirh a1lyllithium (116) or its diallylcuprate was consi-

dered buL the a1ly11ithium could not be prepared without it

dimerising. Metallation of bromolactone ( 134) and subsequent

alkylation with 1-bromo-2,3-dimethylbut-2-ene was attempted

but this did not yield a sidechain precursor. Similarly collp-

ling of the copper(I) enolate of E-methoxyacid (132) with this

bromide could not be achieved. The lactone (I2B) was readily

prepared by alkylation of the sulphone (140) followed by re-

duction of the sulphone moiety. However, the difficul-ties

encountered in the hydrolysis of (128) prevented it from being

elaborated to the sidechain (8). The reaction of the epoxide

(146) with the lithium dialkylcupratè (161) *as considered.

Although this method seemed attractive, the epoxide was noÈ



Ll_L

readily available. The enol ether ( 156) was also

however reaction with methoxymethyllithium underwent

ation rather than an addition-elimination sequence

(1ss).

prepared,

demethyl-

to gi ve
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I NTRODUCT I ON



Virantmycintr2r3 (1), a novel anËibiotic containing

chlorine, has been isolated from the fermentation broth of

Streptonyces nitrosporeous. The antibiotic has potent inhibi-

tory action against RNA and DNA viruses and also possesses

weak antifungal activityt. The active substance in the culture

broth vras isolated by high performance liquid chromatography

as colourless needles of melting point 590 "nd with a specific

rotation of Ia]l -0.050. The molecular forrnula was found to be

CtgHzsN0gCl by mass spqctrometry and elemental analysis'

t8
I

1I t3

l2

R02c
I

1
l9

The following

654

(1) R=H

(2) R=CHe

spectral data has

the molecular ionspectrum showed character-

e
H

3

7

6

4

been reported 2 
.

at n/e 351 and

The mass

270

ra-
istic fragment ions at n/e 316 (M+-Cl),

çu+-ctt2OcH3-Hcl), 254 (M+-c7Hrr) and

red spectrum had absorptions at 3440

stretch and at 3400- 2400, 1 687 cm- r

group.

306 çt"t+-cttzoCHs),

83 (CsHrr). The inf

cm- t due to an N-H

arising from a carboxYl

I



(6H

Thestructuralelucidation2wasacheivedbylHandr3c

spectroscopy. Selective proton decoupled r3C experiments exhi-

bited the presence of a trisubstituted aronatic ring (ôn 6'56'

d, J 8.5 Hz; 7.78, d, J 3'0 Hz and 7'82' dd' J 8'5' 3'0 Hz)' a

carboxyl carbon (ôC 171'9), a methine (ôff 4'36' E' J 6'0 Hz;

ôC 56.2) coupled with a methylene (ôU 3'40' dd' J 16'4' 6'0 Hz

and ôH 3.08, dd, J 16'4, 6'0 Hz;6C 33'5)' a methoxy methylene

3.46, s; ôC 59.4 for OCH3 and ôU 3'58' s; ôC 74'l for CHz'

two adjacent methYlene" (ôH 1.6, m; ôC 27.8 and ôn 2'O' m; ôC

33.5), a quaternarY carbon ( ôC 58.0) and three methYl s ( ôff

1.60, s; ôC 20-6, 19'9 and 18'4)' which are attached to an

isolated double bond (ôC I24'8 and I26'5)' Furthermore' two

broad signals in the rH nmr spectrum were assigned to be the

carboxylic ( ô 8.0) and NH ( 6 4 '7) protons ' which disappear:ed

uponadditionofDz0.Thehigherfieldresonanceofthearoma-

ticprotonatô6.56suggeststhelocationoftheNHgroupto

be ortho to this proton' The spectral evidences described

abovecharacterisedÈheexistenceofthep_aminobenzoi-cacid

skeleton as the chromophore and an a1ky1 side chain moiety

II].

Thesubstitutionpatternontheisolaterlrloublebondtl]

and the aromatic ring tII] were well supported by the applica-

tion of t3CItH] long range decoupling (LSPÐ] technique to the

methylesterwhichh¡aSobtainedbythetreatmentofviranLmy-

cin with diazornethane' The ester had nmr resonances at 6g 3'80

and ôC 51.5 due to the ester methyl and ôC 167"2 arising from

2



CHzOCHg

CH F
I

CHz-

CHs

I

L- CHa
I

/e 306

n/e 254

Me0 2 C c1

Simultaneous irradiation oflers ( tJcn 160.0 Hz, tra, 6.4

the C-5 (ôH 7.63) and C-7 (ôU

CHg

n/e 83

trl
III]

long range t tC( tHJ couPling

the carboxyl carbon. Long range decoupling of the methylene

proron signal at C-4 (ôH 3.34 corresponding to ôc 33.4) co1-

lapsed the c-g aromatic carbon resonanc" ( 6c I46.5, broad

rripler) ro a sharp triplet (3JCH 9.0 Hz) and the C-5 aromatic

carbon (ôC 131.6, broad doublet) to a sharp doublet of doub-

2

Hz) .

7.67) aromatic

the C-5 and C-9 aromatic carbon resonances

and the C-7 carbon ( ôc r29.6, tJcH 163.0 Hz,

singlet. These spectral data indicated that

protons must be three bonds ar{ay from the C-5

carbons.

protons collapsed

to broad singlets
tra, 7.r Hz) ro a

the C-4 methylene

and C-9 aromatic

Furthermore, the Ëwo olefinic carbon signals at ðc I24.8

and L26.5 collapse from broad singlets to sharp singlets upon

simultaneous irradiation of the methyl and methylene protons

at ôH I .60 and I .5-2. O, confirming that two methylene groups

should be located adjacent to the double bond substituted with

three methyl groups. Taking into consideration Lhe Lwo struc-

3



tural units tI]
chlorine

sed.

atom at

H0z

(3)

and I II ]

the C-3

in addition to the location of a

methine, the structure (1) was propo-

Me
H

Ac

0Me

H

(4)

The validity of the structure ( 1) \¡/as also conf irmed by

the observed chemical reactions2 of the antibiotic. The treat-

ment of virantmycin with either zinc dust or sodium acetate in

acetic acid afforded the acetoxy compound ( 3) . Thj-s compound

shows proton resonances at ð 2.03 arising from the acetoxy

methyl group and a triplet at ô 5.23 due to the c-3 methine

proton. Lithium aluminium hydride reduction of (1) gave Èhe

azl- ridine (4) arising from internal displacement of Ehe chlor-

ine atom. The aziridine ring proton aÈ C-3 resonaÈes aa ôg

2.80, and the carbon atoms produce resonances aL ôc 49.8 (C-2)

and 50.1 (C-3).

4



Ozonolysis of (1) in chloroform at -I2o gave a five mem-

bered ring lactam (5). The infrared spectrum of this comPound

shows a carbonyl stretch at 1700 cm-l due to the lactam and

another at 1687 cm-1 due to the carboxyl group. The rH nmr

spectrum included a doublet of doublets at 6 4.20 due to Èhe

c-3 methine proton, resonances at 6 3.18 and 3.25 due to Lhe

c-4 methylene protons and a pair of doublets at ô 3.44 and 3.76

arising from the non-equivalent protons at C-I7. The structure

of this factam was evidenced by the application of t tC( tH)

long range decoupling. The formation of (5) was speculated to

proceed via an enamine intermediate as shown in scheme 1-

(1)

0s

0
H

H

e

1

e

e

H0z

H0z

1 H0z

e

- 0g

5

Scheme I

(s)

c1 H0z 1



The assignment of 13C nmr chemical shifts for

(1), (2), (4) and (5) h¡as accomplished by selective

decoupling and long range decoupling experiments and

in table 1.

comp ound s

ttc(tH)

is shown

r3C Chemical ShifEs of compounds (1), (2), (4), and (5)'

Carbon No.

10
11
I2
13
T4
15
16
L7
I 7-OCH 3

18
19
OCH e

(1) (2) (4)

57 .9
s6 .4
33.4b

131.6
118.6
L29 .6
113.5
146.s
115.9
33.6b
27 .B

124 .6
126 .5
19.9a

167.2
7 3.9
73.9(?)
L8.4a
20 .6a
51.5

49.8
50.1
30.2

r22 .6
138.0
126.2
r20.7
150.1
139.5
30.2
33.9

1.24 .2
r27.1
20.0a
64.s
66 .4
58. B

18.3a
20 .6a

(s)

66 .6
6r.2
35.8

131.3
126.8
r29.3
119.8
L25.5
139.3
28.4
32.4

175.4

167 .9
7 2.3
60.3

o (s)
2 (d)
s (È)
4 (d)
7 (s)
4 (d)
s (d)
2 (s)
o (s)
s (t)
8 (r)
a (s)
s (s)
I (q).
e (s)
I (r)
a (q)
a (q)
6 (q)"

-NH-
2
3
4
5
6
7
8
9

58.
s6.
33.

r32.
117.
130.
113.
r47 .
116.
33.
27.

r24.
L26.

18.
t7r.
74.
s9.
18.
20.

â,b These assignments within any vertical column may be re-

versed.

Compounds (1), (2), (4) were measured in CDC13.

Compound (5) was measured in CDgSOCDs.

Table 1
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The authors

stereochemistrY

is in progress,

lished. It is

virantmycin maY

signment.

0ur

molecule

retrosynthetic analYsis of

as being derived from

report that the determination of the absolute

at C-2 and C-3 by X-ray crystallography of (2)

however at this time no results have been pub-

hoped that our work towards the synthesis of

provide stereochemical grounds for such an as-

virantmycin

two subunits

regards the

as shown in

(1)

0Me

H0z

\

H

H0z

H0z

c1

(6)

Hz

1+

e

)
c

ú
\

e

Hz

r

7

Scheme 2

(7) r (8)



scheme 2. Coupling of the subunits ( 7) and ( 8) could be

achieved through metallation of (7) and subsequent reaction

with ( 8) to give the allylbenzene ( 6) . Electrophile promoted

cyclisation of (6) should furnish virantmycin or a derivative

thereof.

The work described in this thesis is presented in thiee

main parts. Firstly, the coupling of (7) and (B) !Ías invesÈig-

ated. Much of the work was carried out using 3,3-dimethyla1ly1

bromide as a model compound for the sidechain (8) (scheme 3).

ORORc
I

N-

1

H

____----->

Oz H0z

r ( 10)

H

N NHz

E+

H02c H0z

(e)

Scheme 3

Secondly , the cyclisation steP I¡tas assessed. Amine ( 9) and its

derivatives ( 10) ï/ere reacted wíth various electrophiles.

Fina1ly, work rr¡as directed towards the synthesis of the side-

chain (8), and ultimately virantmycin.

8



The stereochemical consequences of the cyclisation pro-

cesses are of particular importance for the ultimate success

of the project. Access to the individual stereoisomers of the

cyclised product nay be possible using the methods of chiral

induction. As the stereochemistry at C-2 and C-3 of virant-

mycin is currently unkown, this approach will provide chemÍca1

evidence for a stereochemical assignment'

9



Towards the conclusion of this work, a total synthesis of

virantmycin was publisheda. The key sLep in this synthesis lfas

the cyclisation of the arnino-ester ( I I ) to give compound

(I2). The functionality in Ehe heterocyclic ring h¡as then

manipulated to give virantmycin methyl esLer. This approach

differs from our inÈended synthesis where the functionality is

directly introduced to the c-3 carbon at the time of cyclis-

ationintheonestep.Ourapproachshouldhastenthe

elaboration to virantmYcin.

Hz

0Me

Me0zC

( 11) 0H

MeS0 gH Me

Me0 z

0

(12)

The ketone (I2) was reduced with sodium borohydride and

the resulËing alcohol was dehydraLed using triphenylphosphine/

carbon tetrachloride to give the olefin (13)' This compound

r./as unstable and readily lost the elements of dimethyl ether

H

10



MeO z

MeO2C

(13)

(1s)

0Me

MeO z

MeO z

HO

(14)

(16)

0Me

H

cHo e

H

e
H

H

to form the corresponding quinolíne. The synthesis l¡as contin-

ued using the stable N-formyl derivative.

The f ornamide of ( 13) rr¡as converted to a diasLereo-

isoneric mixture of epoxides (1a) with'excess ¡a-chloroper-

benzoic acid. ThÍs mixture vtas subjected to hydrogenolysis to

yield the hydroxy-epoxide (15). De-epoxidation was carried out

11



by treatment with tungsten hexachloride/n-butyllithium'

product of which, after deformylation, gave a single Pure

stereoisomer of the amino-alcohol (16)'

the

dia-

Treatmentof(16)wiÈhthionylchloridegaveachloro-

ester which was hydrolysed to the chloro-acid. This acid was

identical to viranÈmycin in all chromatographic and spectro-

scopic respects. oxidation of Lhe N-formyl derivative of (16)

wirh dimethylsulphoxide /oxaIyL chloride gave the ketone (17)

HO 0Me

MeOzC

(17)

which r{as reduced with sodium borohydride and I{as deformylated

to give predominantly Èhe C-3 epiner of (16)' Chlorination of

this compound gave the C-3 epimer of (2) r.rhose lH nmr spectrum

was significantly different from that of authentic virantmycin

methyl ester.

HoweverÈheSpectroscopicpropertiesofthesecompounds

give no unambiguous indication of Èhe qelative stereochemistry

at C-2 and C-3. The authors are currently attempting to solve

rhis problem by growing crystals of (2) suitable for x-ray

dif fraction. until these resulLs are publ-ished the stereochem-

istry of virantmycin is sti11 unknol4¡n '

T2
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Chapter 1

The preparation of the ortho-substituted anilines (9),(10)

etc. was first attempted by reaction of an aryllithium with an

a11y1 halide. The readily available amidoacid (19) was prepar-

ed, according to the literature procedures, by the oxidation

NHAc NHAc NHAc

KMn0 b-

rM H0z Br

(18) (1e)

of the bromotoluidide (18). A brominated substrate was chosen

as this would produce the aryllithium by a facile lithium-

bromine exchanges at 1ow tenperatures thereby minimising any

possible síde reactions of the carboxyl group with a1ky1-

lithium reagents. The amidoacid ( 19) vlas treated with two

equivalents of methyllithium, in tetrahydrofuran at -780, to

remove the acidic carboxyl and amide (NH) protons. Methyl-

lithiunG does not undergo lithium-bromine exchange and so by

using this reagent first, followed by n-butyllithiun, the

problems of deprotonation competing with lithium-bromine ex-

change can be avoided. If this comPetition Ì{as to occur, then

metallation would proceed whilst Èhere are stil1 acidic pro-

tons in solution and this would lead to protonation of the

newly formed aryllithiun reagent. Unfortunately treatment of

13



the deprotonated amide with one equivalent of n-butyllithium

followed by a11y1 chloride gave an intractable mixture as in-

dicated by t1c and nmr. Treatment of (19) with two equivalents

of methyllithium alone also gave decomposition producLs which

possibly arose from base promoted a1do1 type condensations in-

volving the acidic methyl protons of the acetyl grouP.

The comnercially available bromotoluidine (20) was

vestigated to establish whether or not it was necessary

protect the amino group during the course of meÈa1lation.

in-

fo

It

Li-zHz

LiMe

(20)

ft was then

pivalanilide as

was found that treatment of (20) wiÈh two equivalenÈs of

methyllithium followed by two equivalents o f ter t . -butyl-

lithium, in tetrahydrofuran at -780, did not form the aryl-

lithium species since the bromoamine vras recovered quantita-

tively after workup with saturated ammonium chloride. Presun-

ably the Lrilithio species (2I) r4ras reluctanL to form due to

adverse electrostatic interactions in what is formally a tri-

anion.

(2r)

decided to protect the amino group as a

metallations of ortho-btomopivalanilides have

L4



Hz HC0tBu

tBuCOCl

M r Me Br

( 20) (22)

H0z Br

KMn0,l

(23)

HC0tBu

been descibed in the literatuteT. The absence of acidic 0-pro-

tons meant that the problem of undesirable aldol type conden-

sations could be avoided. The aryllithium species (24) lr¡as

generaLed in tetrahydrofuran at -780 by treatment of (23) with

two equivalents of methyllithium then two equivalents of

tert.-butyllithium to give a ye1low suspension. 0n1y terr.-

butyllithium was reactive enough to effect the lithium-bromine

exchange and t.wo equivalents vlere required for complete

meLallation. The extent of metallation was estimated by

quenching aliquots with water, followed by solvent extractiori

and analysis by nmr spectroscoPy. The bromobenzene (23) and

the corresponding reduced compound (25) are readily distin-

guished: (25) has a second order AATBB' system with two doub-

lets at ô 7.80 and 7.73 each with I Hz coupling, whilst (23)

has a doublet of doublets at 6 7.88 with 2 and B Hz coupling;

15



a doublet at 8.II, 2 Hz coupling, and a doublet

Hz coupling. In this manner it I¡Ias f ound that

complete wiÈhin one minute.

HC0tBu
MeLi, tBuLi

CH =CHCH Br
H0z Br Li0zC

(23)
CHz=CHCHzI

at 8.31 with B

metallation Ì¡as

Li
1

Bu

0
I

(24)

L

Hz0

HC0tBu HC0tBu

H0z I H0zC

(26) (2s)

HCOtBu

H0z

(27 )

Scheme 4

Addition of a11y1 chloride to the aryl-lithium suspension

failed to give any of the desired allylbenzeue (27), only the

reduced compound (25) was obtained when the aryllithiun waÍ¡

quenched. Addition of a11y1 bromide also f¿ri1ed to give âny

a11y1 compound, and the bromobenzene (23) was": recovered. It is

thought tha t (23) is ref ormed by a seconti l.:i.thium-bromine ex-

change (scheme 4) as an aliquot of the aryl. l".iLhium suspension

76



was quenched with waÈer and was found to be completely meta11-

ated. Similarly, when the aryllithium (24) h¡as treated with

a11y1 iodide a second lithium-halogen exchange occurred pro-

ducing the iodobenzene (26). The structure of (26) was

confirmed by nmr, mass spectrometry and elemental analysis.

This type of lithium-halogen exchange has been observed by

Beaks who showed that ortho-lithio-N,N-diisopropylbenzamide

reacted with a11yl bromide Eo give the corresponding bromoben-

zene.

Since the desired allylbenzene (27) could not be obtained

from the aryllithium (24), it was decided to try the corres-

ponding organocopper reagent as these are knowns to be more

reactive towards nucleophilic substitution. The aryllithium

was generated in tetrahydrofuran at -780 and the soluble cup-

rous iodide phosphine complexl o ¡CuI(nBu¡P) ],' was added, fo1-

lowed ten minutes later by a11y1 chloride. Continued stirring

did not result in the loss of ye11ow colour due to the organo-

copper species and quenching the reaction rnixture with water

gave mainly the reduced compound (25). Analysis of the crude

product by nmr spectroscopy revealed weak resonanceS charac-

teristic of an a11yl system, namely a multiplet centered at ô

5.9 arising from Ha (figure 1), a multiplet at 5.1-4.9 due to

Hb, Hc and a doublet with 7 Hz coupling (and also long range

coupling) at 3.40 due to the methylene protons. I,lhen the reàc-

tion was repeated with excess I CuI (nBu sP) ] ,. ( to allow f or

possible complexation with the carboxyl group) the major pro-

r7



duct was stil1 the reduced

trace of (27) could be found.

v/ere no more productive.

HC0tBu

d
Hd

H0z

Hc

compound (25) and no more than a

Reactions aL higher temPeratures

a

b,c

d

ô 5.9, m

ô 5.1-4.9, m

ô 3. 40, br d, JTHz

Ha

b

(27 )

Figure 1

The reaction of an aryllithium with an unsaturated alde-

hyde such as crot.onaldehyde v/as considered as an alternative

approach to aromatic systems with unsaturaÈed side chains.

Addition of crotonaldehyde to the aryllithium derived from

(23) gave mainly the reduced compound (25) upon workup, and

only a trace of the desired product (28) could be observed in

the nmr spectrum (figure 2) of the crude product mixture.

It r{¡as surprising that the aryllithium species did not

react with a simple aldehyde like crotonaldehye, and the lack

of reactivity may have been due to insolubility of the lithio

species which may be regarded as a trianion. It was then deci.-

ded to study the chemistry of more soluble dilithio reagents

in order to assess their reactivity towards electrophiles.

1B



HC0tBu

OH

Hc

CHe d

could

b ô 5.6, m

ô 5.2, m

ô I .67, br d J 4Hz

a,

H0z

Hb

(28)

The aryllithium

reagent by addition

be converted

I CuI (nBu sP) ] r

a

c

d

Figure 2

The bromoamiderr (29) was prepared from ortho-bromoaniline

and pivaloyl chloride,,and Ï/as metallated following the liter-

ature procedureT. Treatment with one equivalent of methyl-

lithium followed by two equivalents of tert.-butyllithium in

tetrahydrofuran at -780 effected complete metallation within

one minute (as v/as found by quenching aliquots with water and

subjecting them to nmr analysis). Regarding the reaction with

a1ly1 halides, the dilithio reagenÈ (30) exhibited similar

reactivity to the carboxylic acid derived trilithio speci.es

(24). Thus with a11y1 bromide or iodide, a second lithium-

halogen exchange occurred to give the corresponding haloben-

zeîe (scheme 5) whereas a11y1 chloride underwent no reacLion

and the reduced compound (31) rltas obtained upon workup. Even

at higher temperatures there was no reaction between the dí-

lithio species and a11y1 chloride.

to the

and t,hen

arylcopper'

subsequenLof

T9



t_

HC0tBu Bu
MeLi, tBuLi

CHz=CIICHzBr
Br

( 30)

L

Hz0
(2e)

CH2=ç¡¡6¡¡r1

COtBu HC0tBu

I ICuI(nBu3P)],*,

(32) CH 2 =6¡¡6¡¡ .9 CH e CH=CHCHO ( 31)

HC0tBu NHC0tBu

(33)

(34)

Schene 5

addition of a1ly1 chloride rapidly produced the desired a11y1-

benzene (33). This was isolated by silica gel chronatography

in 5OZ yield along with tri-n-butylphosphine and a sna11

amount of the sLarting bromid e (29) . The allylbenzene was

readily identified by the characteristic allyl resonances ob-

served in the nmr sPectrum (figure 3).

H
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tBu g

a a ô 7.80, dd, J 2, I Hz

b ô 6.9, n

c 6 5.9, m

d,e ô 5.1-4.9, n

f ô 3.38, br d, J 7 Hz

g ô 1.1'7, s

NH

Hf
Hf

b

He

(33)

Figure 3

The aryllithium (30) reacted rapidly and smoothly with

crotonaldehyde to give the hydroxybutenyl corltpound (34) in 937"

yield after purification by silica gel chromatography. The

alcohol was an oil which decomposed on att'empted distillation.

The strucÈure of (34) v¡as verified by nmr (figure 4) and mâss

spectrometrY.

tBu g
Ha a ô 7.96, dd, J 2, 8 Hz

b ô 6.9, m

c,d ô 5.6, m

e ô 5.2, m

f ô 1.63, d, J 4 Hz

g ô 1.20, s

H

e

(34)

b

Hc

Hc

Hd

d

Figure 4

Hg f
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The large downfield shift of proton Ha is not unusual and

is a feature of many pivalanilides where the ortho position is

substitutedr2. In such caSeS, steric factors cause the car-

bonyl oxygen to 1ie in close proximity to this proton which

therefore experiences a strong anisotropic effect.

Having established that the dilithio species (30) h¡as

sufficiently soluble and reactive enough to form an arylcopper

reagent and hence give rise to allylbenzenes' it Í/as decided

to investigate systems where the carboxyl group of (23) h'as

either masked or protected. Such compounds would be, for exam-

p1e, the oxazolinel 3 or the hindered tert.-buty1 esterl 4 and

were expected to form soluble and reacÈive dilithio species.

LIhen the carboxylic acid (23) u¡as treated with thionyl

chloride at reflux, the acid chloride v/as not isolated but in-

stead the symmetrical anhydride (35) was obtained. The

infrared spectrum of the anhydride had absorptions at L790 and

1740 cm-I due to the anhydride linkage as well as an absorp-

tion at I720 cm-1 due to the pivalamide moiety. The mass

spectrum had the molecular ions at n/e 58O/582/584. The reac-

tion with thionyl chloride v¡as repeated using â dilute

solution of the acid (23) in thionyl chloride and sÈi11 the

anhydride formed. Similar results hrere obtained when the acid

(23) hras ref luxed in oxalyl chloride.
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C0tBu

c1 .0

tBu0 z

HC0tBu

Br

NHC0tBu

Br

S0C1 z

H0z Br

+

Br

(23)

r
HC0tBu

H

or

HC0tBu

Br

TB tBu

Br Br

(3s)

The preparation of the tert.-buty1 ester vtas also attemp-

ted. Fornation of the dicyclohexylcarbodiimide adduct in the

presence of tert.-butanol gave only the anhydride (35). Fo1-

lowing the procedure of Brer.¡sterI f , the anhydride (3:) I{¡as

prepared using p-toluenesulphonyl chloride in pyridine, how-

ever the addition of tert.-butanol to thís mixture did not

0-

HH

23



yield any of Èhe desired tert. -buty1 ester. The favoured

anhydride formation in the above reactions may possibly be a

result of increased nucleophilicity of the carboxyl group ar-

ising from electron donation from the nitrogen lone pair.

Although the tert.-buty1 ester and the oxazoline v¡ere not

readllyaccessible,ith¡asthoughtthatatlowtemperaturethe

simple methyl ester (36) may be compatible with metallation.

This ester vtas readily prepared by treatment of a methanolic

solution of the carboxylic acid (23) with diazomethane.

NHC0tBu Bu

MeLi t BuLi

Me0 z Br MeO z Li

(36)
ICuI(nBusP)],,,
CHz=CHCHzCI

rapid decomposition C0tBu

Me0 z

(37)

The anide proton of (36) r¡/as removedr ,in tetrahydrof uran

at -780, by treatment with one equivalenE of methyllithium.

Subsequent addition of two equivalents of tetE.-butyllithium

gave an instant ye11ow colour which rapidly darkened, addiLion

of Icul(nBugP)]u followed by a1ly1 chloride gave nainly poly-

I

0

I

I

I

I

,l
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meric material upon workup. Analysis of the crude reaction

mixture by nmr specLroscopy showed very weak resonances which

rrrere attributable to the desired allylbenzeîe (37), however

the amount was not large enough to a11ow isolation.

since the carboxylic acid could not be conveniently pro-

tected it v/as decided to choose a grouP at the 4-position that

\{as compatible with metallation and r¡hich could be elaborated

Eo the carboxylic acid at a later stage. The benzyl alcohol

(39) r{¡as selected since it may be possible to protect it as a

tetrahydropyranyl ether for the purpose of metallation.

HC0tBu NHC0tBu

NBS
B

Me BrBr

(22) ( 38)

NazC0g

NHC0tBu NHC0tBu

The

( 38) in

(38) hlas

Br

Èoluidide (22) u¡as

good yield using

fÍrst attenpted by

€-_

Br

( 3e)

converted to the benzYL bromide

N-bromosuccinimide. Hydrolysis of

stirring the bronide in a two
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phase system of tetrahydrofuran and IOi¿ aqueous sodium hydrox-

ide at room Èemperature. The solution rapidly turned yel1ow

and after ten minutes analysis by t1c showed that complex de-

composition ldas occurring, and the nmr spect.rum of the crude

product mixture showed only a trace of the alcohol (39) to be

present. \rthen the bromide (38) ll/as stirred in a mixture of

tetrahydrofuran and saturated sodium carbonate' the yellow

colour was again formed and s1ow1y diminished over a period of

sixteen hours. The crude product mixture $ras separated into

two fractions by silica ge1 chromatography. The fraction of

lower polarity consisÈed largely of the unreacted bromide (38)

along with a sma11 quanÈity of Lhe symmetrical ether (40) as

detected by mass spectrometry. The second fraction h¡as Èhe

desired alcohol obtained in 5O7" yield after recrystallisation.

hlhen the bromide ( 38) was stirred i-n methanol with

sodium carbonate the resultin g y e11ow colour faded

three hours and the single product isolated vlas the

ether (41) in 8O7. yie1d.

solid

wi thi n

me thy 1

The ready solvolysi-s under mild conditions, the transient

ye1low colouration and the formation of the symmetrical ether

(40) during the hydrolysis of the bromide suggest that the

mechanism for these solvolysis reactions involves deproton-

ation followed by expulsion of a bromide ion. The resultíng

quinonoid intermediate may be expected to be coloured and

would readily react with nucleophiles.
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HC0tBu C0tBu
I

-H'
----1B

Br Br

(38)

NHC0tBu C0tBu

Hz0
HO

Br Br
(3e)

(3e)

IB tBu

Me0H

Br Br

(40)

HCOtBU

Me
Br

( 41)

Having obtained the nethyl ether (41) so conveniently it

was decided Lo establish whether it was a suitable substrate

for metallation. Lithiation of (41) by the method described

earli,er gave the dilithio species which was transmetallated by

addition of ICuI(nBueP) ],.. Af ter f ive minutes at -780, a1ly1

chloride was added and then the reaction was quenched with

water. Solvent extraction and chronatography on silica ge1

gave the desired allylbenzene (42) in 387. yield along with the

-
Nu:

HH
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Ha

(42)

a ô 5.8, m

b, c ô 5. 1-4.8, m

d ô 3.3, br d,

HC0tBu

d
Hd

Hc

b

JTHz

Me0

Me

( 41)

Br

NHC0tBu

(43)

Scheme 6

reduced compound (43) (357") and a sma11 quanÈity of the start-

ing bromide (41). The allylbenzene (42) had resonances in the

nmr spectrum that r+ere characteristic of the a11y1 group

(scheme 6) and the infrared specLrum also showed characLeris-

tic alkene absorptions at 1635 cm-l (carbon-carbon double bond

stretching) and at 990 cm-t (bending).

Reaction of the arylcopper derived fron (41) with 3,3-di-

methylallyl bromide gave the dimethylallylbenzene (44) in 787"

yie1d. This compound has the basic skeleton required for e1a-

boration to the model compounds (9) attd (10).
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NHC0tBu HC0tBu

Hb

JTHz

MeLi tBuLi
u n usP 4r

Me MezC=CHCHzBT Me Hb
Br

Mec

(41) Ha

Med

ô 5.15, t,

ô 3.3, br d

ô 1.73, br

JTHz

crd

The results of a study of the behaviour of the allylben-

zeîe (44) in basic media r.rere disappointing. It was anti-

cipated that treatment of (44) with base would lead to elimin-

ation of methoxide (scheme 7) and therefore a1low hydrolysis

via the quinonoid inLermediate. However both the ether linkage

and the amide v¡ere stable to 507" aqueous sodium hydroxide aL

C0tBu COtBU

(44)

a

b

S

Me

(44)

Scheme 7
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reflux and

An attempt

nucleophilic

allylbenzeoe

the allylbenzene (44) Ï¡as recovered quantitatively.

at direcL displacement of methoxide with the more

hydroperoxiders anion also failed and again the

was recovered quantitativelY.

Since the ether linkage of (44) could not be cleaved,

attention was turned to- the bromoalcohol (39). It was found

that the unprotected alcohol could be successfully metallated,

this is presumably due to the benzyl alcohol (39) derived tri-

lithio species being somewhat more soluble than the benzoic

acid (23) derived analogue. Both the allylbenzeÍre (45) and the

3,3-dimethyl analogue (46) could be prepared by reaction of

the alcohol (39) derived organocopper reagent with the appro-

NHC0tBu tBu

MeLi, tBuLi
LÍ

Br L

(3e)

l-

H

ICuI(nBusP)],.,
H2C=CHCH2C1

HC0tBu

ICuI(nBugP)],.,
Me2C=CHCHzBT

HC0tBu

IIH

(4s)

Scheme 8
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priate halide

tral data to

( schene 8) .

that of the

The allylbenzenes had similar spec-

corresponding methYl ethers.

The next step was the oxidation of the benzyl alcohol

(46) to the corresponding carboxylic acid (48). However when

the alcohol was dissolved in acetone and titrated with Jones

reagent the_ rapid oxidation gave the aldehyde (47) exclusively

with no carboxylic acid being observed. When the bromoalcohol

(39) r¡ras treated under the same conditions the products I{¡ere

Ehe aldehyde (49) and the carboxylic acid (23) which were

formed in equal amounts as determined by the nmr integration

HC0tBu HC0tBu

Br
HH

(3e)

(4e)

(46)

(47)

+

Jones Reagent

NHC0tBu

Br

NHC0tBu

Jones Reagent

HC0tBu

Ag z0

HC0t Bu

H0z

(23)

Br

31
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ofthecrudeproductmixture.Completeoxidationofthealco-

hol(39)requiredtwohoursofstirringinacetonewithexcess

Jones reagent. However when the alcohol (46) was stirred with

excess Jones reagent for extended periods the required car-

boxylic acid was obtained in only low yield due to

decompositionpossiblyarisingthroughthereactivityofthe

olefinic side chain. The solution to the problem h¡as a two

stepoxidationusingJonesreagenttoobtainthealdehydein
g51/- yield followed by further oxidation with alkaline silver

oxidel6 to give the desired carboxylic acid (48) in 757" yield

after recrYstallisation'

Thefinalsteptogivethemodelcompound(9)I{asthehy_

drolysis of the amide group of (48) ' It had already been

observed that the amide group of the methyl ether (44) v/as

inert to both refluxing in 50% aqueous sodium hydroxide and

aqueoussodiumperoxide,andsimilarresults\.ïferefoundwiLh

the amide linkage of the carboxylic acid (48). It v/as expected

thatthehydrolysiswouldtakeplacereadilyinacidicmedia

asthecarboxylgroupwouldwithdrawelectrondensiÈyfromEhe

amidecarbonylgrouprenderingitmoreattractivetoincoming

nucleophiles.Howeverrefluxingthecarboxylicacidinamix-

tureofethanolandconcentratedhydrochloricacidfortwo

hours gave Èwo fractions each in very 1ow yield (<15z") after

acid-base extracti-on. 0ne fraction contained zwitterionic

material. and the other was basic'
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HO 2

HC0tBu

conc HC1-Et0H

H0zC

(s1)

n/ e 2o5 (M+) , 190 (lt+-ue. )

Et0 z

( s3)

nle 233 (M+), 2L8 (u+-¡le.)

( 48)

H

Hz

NHz

+

H0z

Et0z

n/e

Scheme 9

( s0)

nle 223 (M+)

OH

+

(s2)

257

OH

(M+)

The dark zwítterionic naterial v¡as analysed by nmr spec-

troscopy which revealed that the dimethy1ally1 moiety was no

longer present. Instead, higher field resonances ldere evi-

dent and in parÈicular two singlets appeared at ô I.23 and

1.30. The crude mixture had peaks in the mass spectrun at n/e

223, 2O5 and 190. This data suggests the Presence of compounds
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(50) and (51). These compounds are the most likely

arise by protonation of the double bond in aqueous

ther support for compound (51) being a six membered

from the appearance of an (U+-lte.) peak in the mass

the anti-Markownikoff product ( 54) would be expected

hydrogen atom or an isopropyl radical (figure 5).

products to

media. Fur-

ring comes

spectrum;

to lose a

H

R0z R0z

l ll+-t"te . ) (s4)

Figure 5

The basic marerial isolated from the hydrolysis of (48)

had an almost identical nmr spectrum to that of the zvtj-tter-

ionic material buÈ with the addition of a quartet at ô 4.30

and a triplet at 1.35. The mass specÈrum had peaks at n/e 25I,

233 and 218 which along with the nmr data suggesLs that the

ethyl esters (52) and (53) h¡ere formed in the reaction of

amide (48) with acid in ethanol (scheme 9).

In acidic media, the behaviour of the methyl ether (44)

\¡as simitrar to thaL of Èhe carboxylic acid (48). Hydrolysis ín

a mixture of ethanol and concentrated hydrochloric acid at

reflux for two hours gave the products shown in scheme 10.
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Me

HC0tBu

conc HCl-Et0H

Et

(56)

n/e 2rg (M+), 2o4 (t'l+-ue.)

(44)

NHz
H

N

+
ET

(ss)

237 (M+)

OH

n/e

Scheme 10

Acid-base extraction gave a basic residue, the nmr spec-

trum of which showed that the dimethyla11y1 moiety r{¡as no

longer present and that the methoxy group had been exchanged

for an ethoxy group. The mass spectrum of this material showed

peaks at n/e 237, 2I9 and 2O4 which confirms this ether ex-

chan ge .

Owing to the difficulties associated with the removal of

the pivalamide protecting group it was decided to consider an

alternative protecting group. The trifluoroacetyl group was

chosen because of its ease of removal under sÍmple, mild con-

ditions. The bromotoluidine (20) htas converted to the tri-

fluoroacetamide (57) in 937" yield by treatment with trifluoro-

acetic anhydride. As in the case of the pivalanil.ides the nrnr
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spectrum showed a

resonance due to the

(scheme 11).

NHz

(20)

6 6.52

large downfield shift in the

proximity of the carbonYl

ortho proton

oxygen atom

Fe

NH

(cFsc0) 20

rMrM

(s7)

6 8.03

Scheme I I

The reaction of the toluidide (57) with N-bromosuccin-

imÍde gave the benzyl bromide (58) ín good yield, however the

conditions for hydrolysis of the bromide to the alcohol (59)

had to be chosen carefully. Basic rnedia removed the trifluoro-

acetyl group and the free amino group then condensed with the

unreacted benzyl bromide giving polymeric material. It lt¡as

hoped that hydrolysis could be achieved using saturated sodium

carbonate and tetrahydrofuran but these conditions \./ere found

to be too basic and 1ed to decomposition of the starting ma-

terial. Treatment of the benzyl bromide (58) with silver

carbonate in wet acetone gave the alcohol (59) in 387" yield

along with some more polar material. The yì.e1.d of this reac-

tion could not be improved and so a more efficient means of

preparing the alcohol was sought (scheme 12).
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HCoCF 3 HC0CF 3

NBS
B

r Br

(s7) (s8)
Zn(O2C.CFa)

KzSz0e
Cu(0zC.CFg)z

AgzC0a

NHC0CF 3 NHCoCF 3

KHCO3 _
CF¡C0z

Br Br

(60) (se)

Schem e 12

The bromide (58) could be converted to the trifluoro-

acetoxy compound (60) in high yield (927") by stirring over-

night with zinc trifluoroacetate r 7 , prepared in situ by

dissolving zínc oxide in trifluoroacetic acid. The trifluoro-

acetate (60) could be hydrolysed to the alcohol (59) by treat-

ment with potassium hydrogen carbonate in aqueous methanol.

This procedure gave quantitative conversion within ten min-

utes.

Another route to the trifluoroacetoxy compound (60) in-

volves direct oxidation of the toluidide (57) with potassium

persulphate and copper(II) trifluoroacetate as shown in schemë

13. During the course of acetoxylation of toluenes it has been

demonstrated I 8 t r e that only a catalytic amount of coPper( II)

is required to oxidise the benzyl radical as the copper(I) is

M
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MrM

NHCoCF 3 HCOCF g

KzSz0a

Br

(s7)

NHCOCF 3 NHCOCF g

Cu II )

H2 Hz

TFA

NHCOCF 3

cF3c0
Br

(60)

Scheme 13

oxidised back to copper( II) by excess persulphate. However,

the trifluoroacetoxylation of (57) hlas not catalytic with re-

spect to copper(II) possibly due to Èhe differences in the

redox potentials of copper(I) trifluoroacetate and copper(I)

acetate. Copper( I) trifluoroacetate presumably requires a

stronger oxidising agent to convert it to copper(II) than does

copper(I) acetate. In performing this reaction one equÍvalent

of potassium persulphate and I.2 equivalents of copper(II)

I 
-H+

+
rr
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trifluoroacetate ( prepared in si tu from copper( II ) carbonate)

!/ere used.

Having found an efficient path to the bromoalcohol (59)

it h¡as lithiated and converted to the organocopper species in

exactly Lhe same manner as for the corresponding pivalanilide

( 39) . Reaction of the organocopper reagent with 3,3-dimethyl-

a11y1 bromide at -780 gave a mixture of allylbenzenes (61) and

(62) in the raLio of 327 respectively (scheme 14) which could

not be separated by chromatography. The nmr sPectrum of the

mixture showed resonances due to (62) which were similar to

the corresponding pivalanilide (46). The presence of (61) lfas

inferred by a sharp singlet at ð 1.43 due to methyl groups on

an sp3 carbon atom, a doublet of doublets at 6.13 arising from

the vinylic proton Ha (scheme I4) and a multiplet resonance

for protons Hb and Hc occurring at 5.2.

NHC0CF 3 HCOCF 3

H

Br

H

(se)

NHC0CF 3

Ha

(62)

;â ô 6.13, dd, J 10, L7 Hz

b b,c ô 5.2, m

d ô 1.43, s

d
Scheme L4

(61) c
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I ArCu ]

( 63)

(64)

X=0Ac

X=02 C. pC e H,r. N0z

+

The formation of (61) by an SN2' attack of the organo-

copper species on the a11y1 halide r{¡as unf ortunate in that

pure (62) could not be obtained, but raised the question of

whether (62) could bè obtained by reaction of the arylcopPer

reagent with a11y1 systems of the type (63). ft htas hoped that

this type of substrate would be less likely to undergo direct

displacement (SN2) as the halide is on a tertiary carbon atom

but should al1ow ready SN2t attack at the terminal methylene

carbon atom2 0. Treatment of the arylcopper reagent with

(63)"4 resulted in protonation of the organometallic species

leading to the formation of the reduced compound (65) (scheme

15). It vras initially thought that the proton source may be

NHC0CF 3?u
I ArCu ]

CH

H

Me

Schene 15
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the C-proton of the acetoxy group but similar results were ob-

tained when (64)"b rus used as Ehe electrophile, suggesting

that the a11y1 system h¡as undergoing elimination to produce

isoprene.

Isoprene oxide2lc (66) h¡as also considered as a poLen-

tial1y useful electrophile as reports2 2 t 23 in the literaçure

suggesred that Lhis might. lead (scheme 16) to the hydroxy-

allylbenzenes (67) and (68) which would also serve as useful

model compounds of (6) for the cyclisation studies. The

reaction of the arylcopper species with the vinyloxirane (66)

NHC0CF 3

I ArCu ] _>

HO

H

H

(66) (67 )

+
NHCOCF 3

NHCOCF ¡

+

H

HO

(68)
OH

-)/H
I ArCu ]

CH

H

Scheme 16
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followed the sane course as it did with the ally1ic esters

(63), (64) that is, the organocopper reagent caused elimination

in the vinyloxirane system (scheme 16) as indicated by the

formation of the protonated material even when worked up with

deuteriun oxide.

Tamura23 has shown that n-butyllithium-reacts with iso-

prene oxide (66) through the SN2' mechanism in 767" yie1d. It

is therefore very surprising to fínd that the arylcopPer reag-

ent derived from (59) is so basic as to cause elimination

whilst n-butyllithium does noL. 0ne possible explanation for

this was that the alkoxide group in the organocopper reagent

was acting as Èhe base in Èhe first instance, and promoting

the eliminaEion (scheme I7). However when the methyl ether

(41) derived arylcopper reagent was treated with isoprene

Li

Fe

tBuC0NH

Br

,--\ H

Li

(41)

CHo-.
1

nBugP

Me

Scheme 17
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H

oxide the result h¡as again elimination of the vinyloxirane

thus ruling out the possibility that the alkoxide was chiefly

responsible for elimination.

Due to the lack of success using (63), (64) and (66) as

electrophi-1es it hlas decided to further investigate the reac-

tion of the organocopper .reagent derived from (59) with

3,3-dimethy1a11yl bromide . l^lhen this reaction v/as carried out

at -1000 it was found that Èhe ratio of (61) to (62) h¡as even

less favourable at 4:6 respectively. Reaction at higher

NHCOCF 3
NHCOCF 3

H

Br

(se) (62)

HCOCF 3

( 61)

Scheme L4

temperature favoured the formation of (62) and at -500 Ehe

ratio was I :9 ( this temperature I4¡as optimum f or the reacLion) .

Above -400 i"omerically pure allylbenzene (62) was formed but'

vras accompanied by an unacceptable amount (2O%) of the reduced

compound (65) arising from adventitious proton sources. Iso-

+
H
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merically pure (62) r{as best obtained

followed by recrystallisation from

petroleum.

The amides (62) and (70) were

anines (71) and (9) by refluxing for

ic potassium hydroxide.

from reaction at

dichloronethane /

-50 0

light

The oxidation of the benzyl alcohols (59) and (62) proved

to be much easier than that of the corresponding pivalanilides

(39) and (46). The bromoalcohol (59) \{as rapidly oxidised to

the carboxylic acid (69) with Jones reagent in less than two

minutes whilst similar treatment of the allylbenzene (62) re-

sulted in complete oxidation to the corresponding acid (70)

after twenty five minutes.

NHCOCF 3 NHCOCF s

Br H0z

( se) (6e)

NHC0CF 3 HCOCF 3

H0zC

(62) ( 70)

H

r

H

hydrolysed

one hour in

to the free

L07" nethanol-
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H

HCoCF 3 Hz

H

(62) (71)

NHCoCF 3 NHz

H0zC H0zC

( 70) (e)

Having establÍshed a rout,e to the desired 4-substituted

a11ylani1ines and anilides, a study of electrophile promoted

cyclisation could now be undertaken.
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I

Chapter 2.

The, initial sttrdies of the cyclisation process were car-

ried out using the amidoacid (70) as it vas more convenient to

prepare and handle than the less stable aminoacid (9). It v¡as

expected that (73) could be formed by amidonercuration24r25 of

(70) followed by halogenation26t2T of the resulting organomer-

curial (scheme 18).

cocF 3

H0z

(70)

Schene 18

[,lhen the

<lf mer curi c

no reaction

NHCoCF 3

H0z

Hgx a^
H0z

C]-z

gX

(7 2)

cocF 3

1

( 73)

amidoacid (70) rdas stirred r+ith one equivalent

chloride in tetrahydrofuran at room temperature'

occurred and workup with alkalíne sodiun boro-
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hydride returned the amidoacid almost quantiÈatively as evi-

denced by nmr sPectroscopy which showed the vinyl Proton and

the adjacent methylene protons. Neither mercuric acetate nor

nercuric chloride gave any mercurated producÈs when the reac-

tion mixture was heated to reflux. In order to understand the

failure of this reaction, a study of the oxymercuraEion reac-

tion was undertaken.

The amidoacid (70) could be smoothly oxymercurated at

room temperature by stirring with two equivalents of mercuric

acetaÈe in aqueous tetrahydrofuran. Reductive workup wiLh

alkaline sodium borohydride gave the hydroxy compound (74)

whose structure was confirmed by the upfield shift of the

geminal dimethyl resonance to ô 1.08 and the appearance of two

mutually coupled triplets at ô 1 . 75 an d 2.72. l^lhen this reac-

HC0CF 3

H0z

(7 4)

tion was carried out using only one equivalenE of mercuric

acetate, no oxymercurated product was formed and the starting

material was recovered quanÈítatively. The'requirement for two

equivalents of mercuric acetate suggests that the first equi-

valent of the mercury conplexes to Ëhe molecule at a site

other than the double bond. Therefore a second equivalent of
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mercury is required in order for the double bond to mercurate

and yield products. The other possible sites for mercury com-

plexation within the molecule are the carboxyl group and the

amide moiety. Bearing this in mind, the cyclisation reaction

Í/as again attempted by ref luxi-ng ( 70) with excess ( three equi-

valents) mercurj-c acetate in dry tetrahydrofuran. However,

only the starting material was recovered after^ reductive

workup with alkaline sodium borohydride. It was then consider-

ed that the cyclisation reaction may have failed due to

electronic reasons. The presence of the carboxyl group may

have withdrawn so much.electron density from the nitrogen atom

as to leave it i-nsufficiently nucleophilic to undergo cyclis-

ation. If this carboxyl moiety was absent from the molecule

then the cyclisati-on reaction may proceed and so attention was

turned to the amide (75).

HCOCF 3

r

HCOCF g NHCOCF 3

(7s) (7 6)

The amide ( 75) r^ras prepared, f rom ortho-bromo-

tri-fluoroacetanilide2s, by the same procedure as that used to

prepare the allylbenzene (62). Unfortunately, Ehe amide (75)

failed Lo cyclise when refluxed with excess mercuric acetate

in dry tetrahydrof uran. Amide ( 75) underl¡/ent oxymercuration

with two equivalents of mercuric acetate in aqueous tetra-

H
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hydrofuran to give (76), the nmr specturn of which u¡as similar

to that of (74). However, Èreatment of (75) with one equiva-

lent of mercuric acetate under the sane conditions gave no

oxymercurated product. This suggests that the first equivalent

of mercury complexes noÈ to the double bond but to the anide

moiety and Lhis would both sterically and electronically

hinder cyclisation.

NHCoCF 3

He(0Ac)z
or

-c0. cH 3

+ AcOH

(7s)

In order to try and prevent the complexation of mercury

to the amide moiety, attention was turned to Èhe acetamide

(78). The acidity of Èhe anide (NH) proton of the acetamide

would be less than that of the corresponding trifluoroaceÈ-

amide, and so (78) would be presumably less like1y to form a

mercuric amide sa1t.

The trifluoroacetanide (75) r{as hydrolysed using IOi¿

methanolic potassium hydroxide at reflux. This procedure gave

the aniline (77) which was acetylated using acetyl chloride/

pyridine in dichloromethane. The acetamide (78) was stj-rred

with one equivalent of mercuric acetate in aqueous tetrahydro-

furan at room temperature and r{as then worked up wiLh alkal-ine

0Hg0Ac

Ar-N=C. CH s

Ar-N
I

H g0Ac
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HCoCF 3 NHz

(7 s) (77)

NHAc HAc

(7 e) H (78)

sodium borohydride. This gave the hydroxyamide (79) as eviden-

ced by nmr which showed an upfield shift for the geminal

dimethyl resonances and two mutually coupled triplets corres-

ponding to the adjacent meÈhy1enes. The observation that only

one equivalent of mercuric acetate I,ì¡as required shows that the

amide moiety of (78) does not complex to mercury. It rdas un-

fortunate that despite this fact, the treatment of the

acetamide even with excess rnercuric acetate in refluxing

tetrahydrofuran failed to produce any cyclised material. It

appears that the acetamide is simply not nucleophilic enough

to undergo cyclisation.

Our interest r.¡as then

a s there h¡as 1 i teratu re

ticipating as nucleophiles

directed towards the carbamate (80)

preceden ce2s t 2s for carbamates par-

in mercuration reactions.
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The carbamate was prepared from the aniline (77) by

treatment with ethyl chloroforma te/ pyt idine in dichloro-

methane. The carbamate behaved similarly Èo Èhe acetanide

(78), undergoing oxymercuration with only one equivalent of

mercuric acetate but. alas failing to participate in the

cyclisation reaction.

NHz NHCO z Et

(77) ( 80)

NHC0 z Et

(81)

It was thought that the electron density on the amide

nitrogen aLom could be increased by preparing the silylamide

(82). This was done by srirring the amide (75) with N,0-bis-

(trimeLhylsilyl)acetamide in dichloronethane. The decrease in

the carbonyl stretching frequency from 1740 to 1690 cm-I indi-

cated that silylation occurred on the oxygen atom to give Èhe

thermodynamically more stable product30. Further evidence for

silylation on oxygen is the upfield shift of the ortho proton

resonance from 6 7.92 to ca.7.I, indícating that this proton

is no longer being influenced by a carbonyl group. Hovever,
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Fe

(7s)

I74O cn r

NH

TMS F¡

-I
v

max

ô 7 .92

max

(82)

1 690

1, m,

v

ô

cm

7 4H
HH

}¡henthissilylamidel{aSstirredwithmercuricacetatein

teErahydrofuranatroomtemperaturenocyclisationoccurred

and reducLive workup vrith alkaline sodium borohydride gave

onlythedesilylatedstartingnaterial(75)asindicatedby

nmrSpectroscopy.Itisuncertainwhetherdesilylationocurred

in situ or uPon workuP.

Having had litt1e success with the

amide derivatives of' (77)' attention

amine. The more nucleophilic amine !¡as

like1-y to cYclise and (77) served

aminoacid (9) which was less tractable'

cyclisation

was turned to

expected to

as a suitable

of the

the free

be more

model for

Treatment of the a1-1y1aniline with one equivalent of mer-

curic acetaÈe in tetrahydrofuran at room temperaÈure for

fifteen minutes followed by reduction with alkaline boro-

hydride gave a mixture of the known tetrahydroquinolinet t (84)

and the starting materia:I (77) in the ratio 1:1 as assessed by

the nmr integration of the mixture. The irlentity of the
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NHz

(77)

However,

tended to one

HeX z

gX

(83)

NaBH,r

H

tetrahydroquinoline (84) was confirmed by the singlet reso-

nance at ô 1. 15 due to the geminal dimethyl groups and the

appearance of two mutually coupled triplets at 6 2.72 and 1.63

arising from adjacenL meÈhylene groups in the heterocyclic

ring. This data rules out the alternative (anti-Markownikoff)

dihydroindole structure ( 85).

(84)

(8s)

H

when the aninomercuration reaction time was ex-

hour, analysis of the crude reduction products
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by nmr spectroscopy and t1c showed that the cyclisation was

sti11 incomplete and there was a considerable amounL of very

polar material arising from the decomposition of the organo-

mercurial. An investigation of the aminomercuration reaction

v/as undertaken by following the reaction of (77) with various

mercuric sa1ts, in d6-acetone, by nmr specLroscopy. Reaction

with one equivalent of mercuric acetate resulted in the

gradual disappearance of the starting material dimethyl reso-

nances at ô 1.71 and the appearance of two methyl resonances

at ô f.35 and I.23 (figure 6). By following the course of Èhe

HMe
NHz e

e
gX

(77)

1.71, br s

e ( 83)

6". 1.35, I.23, bothô
Me

Figure 6

reaction in this manner it could be seen that after fifteen

minutes, Ehe extent of decomposition of the mercurated Product

(83) was significant even though the cyclisation was stil1 in-

complete. Reaction of (77) with one equivalent of mercurj-c

chloride resulted in a considerably slower reaction and even

after seven hours there b/as stil1 5Oi¿ of the starting material

remaining. Mercuric nitrate failed to give any cyclised mater-

ial, possibly due to complexat,ion with the amino group.
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It r{¡as found that by using three equivalents of nercuric

acetate, the rate of formation of. the organomercurial (83)

could be increased. In this manner, conplete cyclisation h¡as

achieved in ten minutes and before any significant amount of

decomposition of the organomercurial (83) was observed. l'lhen

the reaction h¡as carried out on a larger sca1e, reductive

workup with alkaline borohydride gave an 88i., yield of (84). In

a similar fashion, treatment of the a11y1aniline ( 71 ) with

three equivalents of mercuric acetate in nethanol gave a 9OZ

yÍe1d of the corresponding tetrahydroquinoline (86). The nmr

Hz
3e H 0Ac 2

a l+

(71) (86)

spectrum of this compound shor.¡ed a singlet resonance at ô 1.16

due to the geminal dimethyl groups and tL'o mutually coupled

triplets at ô 1.63 and 2.7I arising from adjacent methylene

groups in the heËerocyclic ring. The mass spectrum had the

+

M+-Me'

H

N

HH

HH

H

+

M
+
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molecular ion at n/e 191 and also showed the loss of a methyl

radical thus supporting the tetrahydroquinoline structure.

Having successfully cyclised the a1ly1anilines, it 'was of

inporLance to investigate the halogenation26t2T of the organo-

mercurials. Due to the instability of these intermediates,

isolation \.¡as impractical and the halogen had to be introduced

directly into the crude reaction mixture. I'/hen the organomer-

curial derived from (77) l/as treated with one equivalent of

chlorine in carbon tetrachloride under irradiation, only a

dark intractable mixture was obtained as was evidenced by nmr

spectroscopy and t1c. Attenpted bromination and iodination

were found to be no more productive.

Attention v/as Èhen directed to the assessment of other

electrophiles which would provide routes to the desired halo-

tetrahydroquinolines. 0ne such electrophile r{as iodine and it

r¡/as anticipated that this would complex to the alkene side-

chain of a suitable al1y1ani1ine causing cyclisation in the

Markownikoff sense.

NHz
Iz

(77)
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The a11y1aniline (77) \{as stirred with iodine and sodium

carbonate in dichloromethane for four hours during which time

Lhe iodine colour of the reaction faded. Analysis of the

product by nmr spectroscopy showed a singlet resonance at ô

1.35 due to the geminal dimethyl group, a broad doublet at ô

3.47 due to Èhe benzylic methylene and a doublet of doublets

at ô 4.38 arising from the methine proÈon next to iodine being

coupled to the nonequivalent benzylic protons. It was exPected

that the methyl groups would be magneÈica11y nonequivalent but

this r.tas noÈ the case ( nor is it so with the parent ally1ani-

line). The chemical shift of ô 4.38 for the methine proton

suggests that the product is the tetrahydroquinoline (87)

rather than the dihydroindole (88) (figure 7) as the latter

would be expected to have the methine resonance further up-

field (as in the compound2f (89) ).

Hbr
aHH

N

H

N

I

I
(87)

Figure 7

Chemi ca 1

comes from

evidence for

the reduction

(88)

the assignment

of Ëhe iodinated

(8e)

a ô 3.75

b ô 4.38

of structure (87)

product. hlhen the

in benzene underiodide was refluxed with tri-n-butylstannane
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írradiation, the

1ine3r (84) r,hus

the Markownikoff

single product r{¡as the known tetrahydroquino-

showing the cyclisation to have occurred in

sense.

HH
N

n-Bu s SnH

(87) (84)

The possibility of using chlorine or bromine as electro-

philes was also briefly invesLigated. However, treatment of

(77) even with a low concenLration of these halogens led to a

conplex mixture of aromatic ring halogenated producEs as well

as dihalides arising from simple addition of the halogen to

the alkene sidechain, as \./as found by nmr spectroscopy and

t1c.

NHz NHz
Ix' 0Hz

+x

Hz

Scheme L9
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Conditions that were conducive to halohydrin formation

r.rere considered as intramolecular cyclisation should be

favoured over intermolecular attack by vtater (scheme 19). Pre-

cedence for this idea lras the fact that aminomercuration

reactíons could be carried out in methanol or aqueous acetone

without solvent participation. Unfortunately, treatment of

(77) with either N-bromosuccinimide or N-chloroacetamide in

aqueous tetrahydrofuran 1ed to a complex product mixLure which

included aromatic ring halogenaLed material. It Ì¡as therefore

considered that the best ltay to prepare the chloride (90)

might be by nucleophilic substitution of the iodide (87).

HH

1

(87) ( e0)

The iodide was heated to 500 with lithium chloride in di-

methyl sulphoxide but no substitution occurred even over

prolonged periods of time. Since the iodide did not undergo

substitution by direct displacement, it r¡¡as decided to ab-

stract the iodide ion by the use of a silver salt. The iodi.de

(87) was stÍrred with silver chloride in acetone however the

product was not the expected chloride (SO; but the aziridine

(91) arising from intramolecular substitution. The azirídine

h¡as identified by the very different chemical shifts of the
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two nethyl

( figure 8) ,

to 6 2.75.

groups indicating quite different environnents

and the upfield shift of the methine resonance

The 13C nmr spectrun showed a methine carbon ,at

endo HeC

( e1)

endo ôH 0.73; ôC

exo ôg 1.30; ôC

CH¡ exo

12.7

26 .8

Figure I

ô 51.9 and a quaternary carbon at 6 44.7 both being consis-

tent with aziridine ring carbons. The lithium aluminium

hydride reduction product2 (4) of virantmycin shows sinilar

resonances (figure 9).

e

c-2 ô 49.8c

50. 1ôcc-33

H

Figure 9

(4)
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It \{as

azi-t i di ne ïta s

( e0)

c-2 ô 53. 1, s

c-3 ô 61.7, d

found that the most convenient way to prepare the

of

Ida ssodiun hydride

to treat the iodide with one

in tetrahydrofuran at Oo. ,This

HCl

equivalent

pr ocedur e

H

betËer as it r4ras more rapid and gave a cleaner product.

Having obtained the azi-ridine, it was of interest to see

if. it could be converted to the chloride (90). The aziridine

was dissolved in dichloromethane and was treated with gaseous

hydrogen chloride at room temperature. This gave rise to two

products as was shown by hplc. The components could not be

(st¡

IO
H

2

3

12

+

1

c-2

c-1,0

(e2)

ô 45.6, d

6 62.7, s

(ViranÈnycin has C-2 ô 58.0; C-3 :ô 56.2)
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separated by preparative chromatography but the t3C nmr spec-

trum of the mixture showed resonances which could be assigned

to the structures (90) and (02¡. Accurate mass measurement on

the molecular ion also verified the formula of the products.

The iodination and aziridine chemisLry seemed very useful

methods to prepare halotetrahydroquinolines but these procedu-

res were found to be incompatible with the 4-substituted

aniline (71). I.Ihen this compound ï¡as stirred with iodine and

sodium carbonate in dichloromethane it underv/ent decomposition

giving rise to very polar material as shown by È1c and analy-

sis by nmr spectroscopy. The decomposition Probably arises due

to the formation of hydroiodic acid as a byproduct of the

reaction. This presumably converts the benzylic alcohol to an

iodide r+hich would then react with the amine thus undergoing

undesirable condensation reactions. The reaction was attemp-

ted using triethylamine as a buffer and also aqueous sodium

carbonate as a two phase system but decomposition was still

observed.

An alternative procedure was required for the cyclisation

of the acid sensitive hydroxyamine (71) and so the possibility

of cyclising the amide anion of (62) was considered. fn Lhis

manner, the problem Of acid promoted decomposition mlght be

alleviated.
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ocF 3C

I

NC0cF 3

H
HO

(62) (e3)

Theallylbenzene(62)waStreatedwithoneequivalentof

sodium hydride in tetrahydrofuran and the anion thus formed

u¡as stirred overnight with excess iodine. The 1H nmr spectrum

oftheproductrevealedthatthecyclisationhadoccurredas

thevinylprotooresonancehaddisappeared,thegeminal

dimethyl groups resonated individually as two singlets at ô

2.oTandl.53,andadoubletofdoubletsatô5.17hadarisen

which hras due to a heteroatom-bearing methine proton adjacent

tothebenzylicprotons.HoweverthemethineresonanceinÈhe
I.C nmr occurred at ô 71.8 which v/as too high32 for a carbon

bearing iodine and was therefore bonded to the acylamino

group.Furthermorethecarbonbearingj.odineresonatedatô

50.9 as a singlet indicating that this carbon v/as quaternary

and hence the cyclised material h¡as the dihydroindole (94)'

This assignment was confirmed by the tri-n-butylstannane

reduction of (94) to give the hydrocarbon (95) whose struc-

ture was assigned by rH nmr spectoscopy' The nonequivalent

methyl groups of the isopropyl moiety each resonated as a

doubletatô0.97ando.63beingcoupledtoamu1tip1etat6
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ocF 3

Q+¡

c-2 6c 71.8, d

c-10 ôc 50.9, s

OCF g
1t

l0t0
nBu g SnH

H

c-2

c-1 0

c-11 ,

both

L.2,

l2

re-

the

2

H

ôH 3.1' T

(es)

m

0.97, 0.63,

Hz

126

I.2 due to the proton àt C-10. The methine proÈon at C-2

sonated as a multipleL at ô 3.1 which was coupled

benzylic methylene protons and the proton aE C-10' This

tral data is compatible with structure (eS¡ and is

different to that of tetrahydroquinoline (84).

6H

J7d

EO

spec-

quite

COCF g

I

H

K0H/Me0H

(e4)

Despite the opposite regiochemistry of cyclisation, the

iodine induced cyclisation of the amide anion u¡as found to be

useful as (S+¡ could be readily converted to an azíri.dine'

Treatment of the iodide (l+¡ with IO7" methanolic potassi.um

( e6)
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hydroxide gave the azj-ridine (96) in quantitative yield

fifteen minutes. The amide firsÈ hydrolyses and then Èhe

causes deprotonation of the unusually acidic amine which

dergoes an internal nucleophilic subsLitution reaction to

the aziridine. The spectral data for (96) was consistent

that of azíridine (91) as is shown in table 2'

T2I

af ter

base

un-

give

wi th

R=CHo

40 .9

53 .2
2 .83

30.0
3.3

13.1
0. B4

27.O
1.40

be prepared by

alcoho1- (94) with

2

3

l+

R

Nmr Data.

c

R=H

44.7

R=CH 2 0H

44.s

51.9
2.7 5

30.3
3.1

12.9
0.73

26.8
1.30

c-2

c-3

c-4

c-11

51.9
2.75

ô

ô
ô

ô
ô

ô
ô

6
ô

c
H

C

H

c
H

C

H

30.2
3.4

L2.7
0.73

26.8
1.30

c-r2

Table 2

The aldehyde-aziridine (Se¡ could also

this procedure. 0xidation of the iodobenzyl

6s



Jones reagent yielded the iodoaldehyde (97) which

be converLed to (98)' This azíridine also had

similar to that of (91) and (96) (see table 2)'

cOcF 3

Jones

cou ld

spectral

then

data

OCF a

H

(e 4)

K0H /Me0

(e7 )

( e8)

The establishment of a route to azíridines such as (91),

( 96) and (98) \iIas important as these compounds may serve as

useful precursors to virantmycin analogues due to their abil-

itytoaddnucleophilesunderacidicconditions)aSwaS

suggested by the reaction of (lf¡ with hydrogen chloride'

H

I
H.

-

Nu
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HCoCF 3 NHz
KOH#

(ee) (100)

Iz

H

N

H

N

n-Bu g SnH

(toz) (tot¡

Since neither the-aminoalcohol (71) nor its amide deriva-

tive (62) could be cyclised to an iodoÈetrahydroquinoline, it

rras of importance to find a 4-substituted amino compound which

could be cyclised to give a six membered ring. The cyclisation

of aninoaldehyde (100) with iodine might provide a possible

route to the iodo-analogue of virantmycin. Aminoaldehyde (100)

could be prepared by rapid treatment of (62) with Jones reag-

ent to give the amidoaldehyde (99) which was hydrolysed to the

free amine. This compound \{as more suitable for cyclisation

than the aminoacid (9) as it I{¡as more tracÈab1e.

Although the aminoalcohol (71) could not be cyclised by

stirring with iodine, the aminoaldehyde (100) ,*as not too sen-

sitive to the hydroiodic acid forned and thus yielded the

iodotetrahydroquinoline (101). This compound had a doublet of

doublets at ô 4.37 due to Èhe methine proton next to the

iodine atom and a singlet at ô 1.41 arising from the geminal
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dimethyl group, The regiochemistry of the producE rdas revealed

by reduction with tri-n-butylstannane to give (102). The nmr

spectrum of this compound was similar to that of (8a); t$to nu-

tually coupled triplets were seen at õ 2.75 and 1.68 arising

from two adjacent methylene groups and the geminal dimethyl

group resonated as a singlet at ô 1.05.

Another method of cyclisation considered was the ring

closure of epoxides such as (103). It has been recently repor-

ted33 that under acid catalysis, nucleophiles add to the more

substituted carbon atom of epoxides in a concerted fashion.

In this manner, treatment of the epoxides with boron Lrifluo-

ride might be expected Èo produce tetrahydroquinolines such as

(105). These compounds might then be converted to chlorides

and hence to virantmycin.

HC0CF g NHCOCF 3

n-ClPBA

0
( 103)

(104)

R=H

R=CH z0H

HR

(1os)

( 106)

OCF e

R=H

R=CH z 0H
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The allylbenzenes (62) and (75) were epoxidised by stir-

ring with neta-chloroperben zoíc acid in dichloromethane ' This

procedure gave the epoxides (103) and (104) the nmr spectra of

which had two singlet resonances due to the nonequivalent

methyl groups on the epoxide ring and a three proton multiplet

arising from the benzylic methylene and the epoxide ring

pr oton.

OCF g
OCF ec

I

a ô 5.55, d,

b ô 3.85, m

J 4Hz H

0Ha
Hb

( 10s)

Figure 10

( 107)

Treatment of these epoxides with excess boron trifluoride

in ether gave crystalline solids with the following sPectral

data. The mass spectrum of the product derived from (103) had

a peak aE n/e 273 corresponding to the molecular ion of (105).

The nmr spectrum of this maLerial showed two singlet resonan-

ces at ô 1.30 and I.57 due to nonequivalent methyl groups and

a doublet arisíng from the benzylic methylene group. In

deuterochloroform the methine resonance appeared as a triplet

at ô 3.68 however this shift is compatible with both possible

structures (105) and (107) as the chenical shi'ft arising from

a hydroxyl group is comparable to that from an acylamino

group. However the spectrum in d6-acetone showed additional
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coupling of the hydroxyl proton to the nethine resonance. This

observation suggested that the product r¡Ias the desired tetra-

hydroquinoline (figure 10). ConÈrary to this, the microanalyÈ-

ical data for the product was not in agreement with either of

the structures ( 105) or ( 107). The product was finally assig-

ned the stucture (108) by X-ray diffraction (figure 11). This

compound presumably formsr oot during the attempted cyclis-

ation reaction, but afterwards when vtater is added during

workup.

HC0CF 3 HCoCF 3

BF s .0Et z
Hz0

R

(1oB)

(10e)

HO

R=H

R=CH z 0H

OH

It is inÈeresting to note that the ttC nmr spectra of

glycols (108) and (109) show !wo sets of resonances for the

carbon atoms in the sidechain (figure 12). Also the high field

(300 MHz) 1H nmr spectrum reveals that (108) has two singlet

resonances for each methyl group (figure 13). It Ì{as initially

thought that the glycols might exist as orthoamj-des when in

solution and the two diastereoisomers thus formed would give

rise to Lwo sets of resonances (figure 14). Hor+ever the solu-

tion infrared spectra show a stong carbonyl stretch ruling out

this possibility. The two sets of resonances are thought to be

due to the hydroxyl groups presumably holding the sidechain in

different orientations.

0
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( disorder)

COCF:

H
H

Figure I I

X-Ray structure of (108).
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CF 3

NHC0CF 3

Figur e L4

In another attempt to cyclise the epoxide (103) it was

sLirred with boron trifluoride for a longer period. However no

cyclisation product was obtained, only a rearrangement product

rrras isolated which r{¡as assigned the structure (110) ott the

NHC0CF 3 NHCOCF 3

BF s .0Et z

( 103)

(110)

basis of its spectral data. The infrared spectrum showed car-

bonyl absorptions at l72O cm I due to the amide and a ketone

stretch at 1700 cm-I. The nmr spectrum showed a singlet at ô

3.75 due to the benzylic methylene group, a septet at 6 2.75

and a doublet at I.L7 due to the isopropyl ketone moiety.

HH

R

H

H

o

The

whet her

anion as

epoxides were also treated with base to ascertaín

the compounds could be cyclised by using the amide

the inÈerna1 nucleophile. A methanolic solution of

7T



the epoxide (103) was stirred over potassium carbonate for

fifteen minutes after which time addition of water and solvent

extraction afforded a solid. The infrared spectrum did not

possess a carbonyl absorption and the nmr spectrum showed a

doublet resonance at ô 6.53 due to the aromatic proton ottho

to Èhe amino group. The chemical shift of this proton confir-

med that the amino group \./as not acylated. The proton spectrum

also showed a doublet at ô 2.63 arisi-ng from Lhe benzylic

methylene protons which were coupled to a methine proÈon

appearing as a triPleÈ at 6 3.77 .

The amine was converted to the para-bromobenzamide and

was assigned the structure (111) on the basis of X-ray dif-

fraction (figure 15). This shows that the cyclisation under

basic conditions gives rise to the dihydroindole system (112).

Similarly, the 4-substituted epoxide (104) was found to give

the dihydroindole (113) in almost quantitative yie1d.

OH

(LL2) R=H

(113) R=CHz0H

B

H

H

NN

(111)
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Br

H

Figure 1 5

X-Ray structure of (111).



Although the cyclisation of epoxides failed to give

tetrahydroquÍnoline systems, these compounds could be obtained
:

f rom the iodinatÍon and azítidine chenístry. I'Iith this in

mind, Do further cyclisation studies Ïtere undertaken and at-

tention was directed towards the synthesis of the sidechain

(8).
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Chapter 3

The synthesis of virantmycin is connplicated by the un-

known stereochemistry at C-2 and C-3. To establish the stereo-

chemistry would necessitate the unambiguous synthesis of both

diastereomers and su bsequent comparison of these compounds

with an aut,hentic sample of the antibiotic. It h¡as theref ore

of interest to synthesise both geometric isomers of (6a) and

hence both isomers of ( 8) \./ere required ( scheme 2a) .

0Me

H0z

H

1

(1) \

H

NHz Me

(6a)

tz \
e

NHC0CF 3

H
r

Scheme 2a

( se)
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Me Me0

LiCu

+

(11s) 0H (117)
(114)

Me

Li

( 114) +

(116) 0H (118)
Scheme 20

A potential route to Lhe sidechain (8) tts the coupling

of the vinyloxirane (114) with an organometallic species such

as (115) or (116). Although this reaction gives mixtures of

geonetric isomers2 2, the use of lithium dialkycuprates has

been shown3a to give the trans-addition product almost exclu-

sively. Furthermore, Tamura23 reports that the Presence of a

tertiary amine or a lithium alkoxide promotes cis-addition

with a high degree of selectivity. This approach therefore

offers a method of obtaining the alcohols (117) and (118) in-

dividually which may then be converted to the individual

isomers of the sidechain (8).

Epoxidation of methoxyisoprene would lead Lo reaction of

the more substituted double bond. Therefore the aldehyde (119)

was chosen as a precursor as treatment of this with a sulphur

ylide3s would furnish the desired epoxide (scheme 2I)'

2
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Me Me Me0
+

Me o S-0

-4- NaH

(11e) (120)
Scheme 2I (114)

The hydroxyaldehyde (120) has been reported36 in the 1it-

erature, however, its preparation is very tedious. l'tle f e1t

that the methoxyaldehyde (119) could be prepared more directly

(scheme 22). It has been reported in the literature2lc that

lithium diisopropylamide causes elimination in the isoprene

oxide system to give the alcohol (121). If elimination of this

rype could be induced in epoxide (123) then the alcohol- (L24)

LDÀ
-_-è

( 66)
(121)

Me Me Me

H

5!

mCPBÂ-----è Base

-ë
H

(r22) (123)

Scheme 22
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could be obtained. Alcohol (I24) could

dised with pyridinium chlorochromate

(1le).

then be presumablY oxi-

to give the aldehYde

ß-Metha11y1 alcohol was treated with sodium hydride in

ether and was methylated, using methyl iodide, to give the

methyl erher (122). The epoxide (I23) was prepared by Lreat-

ment of this ether with neta-chloroperbenzoic acid in dichloro-

methane. The epoxide ring protons are non-equivalent and reso-

nate as two doublets at ö 2. 07 and 2.IB with a coupling

constant of 6 Hz.

The epoxide (123) *as treated with one equivalent of

lithium diisopropylamide in tetrahydrofuran for Èen minutes at

00. Solvent extraction recovered the epoxide unchanged as \^Ias

indicated by nmr spectroscopy. This reaction was repeated for

thirty minutes at room temperature yet again the epoxide was

recovered, although accompanied by a snal1 amounÈ of polar ma-

terial arising from decomposition. When this reaction was left

for an hour aL room temperature there l/aS extensive decomposi-

tion of the epoxide, although some starting material Ì{¡as still

detected by nmr sPectroscoPY.

After this lack of success, a stronger base was thought

to be necessary and so the reaction of the epoxide wiÈh

methyllithium v/as investigated. Since nucleophili c attack by

methyllithium was to be avoided, 1ow temperature conditions

were tried. Surprisingly, the epoxide 1/as found to be inert to

77



methyllithium in tetrahydrofuran at -900 and even at -350

reaction l¡as obs erved .

no

Me Me

LDA--\ ----à

Li

Scheme 23

It rdas thought that Lhe decomposition that v/as observed

in the reaction of the epoxide (I23) with lithium diisopropyl-

amide at room temperature, might be due to removal of a methy-

lene proton adjacent to the methoxy group (scheme 23). The

enol ether formed in this manner may be undergoing decomposi-

tion in the reaction mixt.ure or uPon workup. If adverse

deprotonation at this site could be stopped then deprotonation

of the methyl group might proceed thus giving the required

product. For this reason, the epoxyester (125) ,as prepared.

Me0 z MeO z

mCPBA

(12s)

Methy 1

benzoic acid

procedure 3 7 
.

epoxide ring

methacrylate was treated with

to give epoxide (125)' according

This compound also showed mutual

protons which resonated at 6 2.73

neta-chloroper-

to a literature

coupling of the

and 3 . 08.
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Unfortunatell, when this epoxide was treated with lithium

diisopropylamide in tetrahydrofuran, ât either room tempera-

ture or at -2Oo, extensive decomposítion was observed as was

indicated by t1c and nmr spectroscopy. This approach to the

methoxyaldehyde (119) ras then discontinued. No other efforts

to prepare this compound u/ere made as other work revealed that

the allylithium (116) *.s not readily access ible'

HBr Br

----+
(r26)

The rrimerhylallyl bromide (126) r"as prepared by the

hydrobronination of 2,3-dimethyl-1 , 3-butadiene according to

the literature procedure 3 t . The a11y1 bromide r,rtas treated with

one equivalent of n-butyllithium, in Èetrahydrofuran at -780,

and subsequent treatment with carbon dioxide gave no car-

boxylic acid products after workup. This indicated that no

active alkyllithium reagent had been formed. The material re-

covered from thís reaction h¡as found to be the 1,5-diene3e

r nBuLi

(126)
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(L27) r.¡hich had been formed by the coupling of the a11y1

moieties.

The head to tail nature of the coupling reaction hlas in-

dicated by the nmr spectrum which showed two vinyl protons

resonating as a broad singlet at ô 4.84, âû a11y1ic methylene

group at 2.03, âD a11y1ic nethyl group at 1.80,.three magneti-

ca11y equivalent a11y1ic nethyl groups at 1.63 and a geminal

dimethyl group at 1.05. The mass spectrum showed a molecular

ion at nfe 166 and had the base peak at 83 which corresponded

to the most favourable fragmentation process (figure 16).

I +

+

n/e 83

Figure 16

The problems associated with preparing the allylithium

(116) meant thaÈ a new approach to the sidechain had to be

sought. The sidechain (8) is essentially a 1,5-diene and

therefore it míght be prepared by the coupling of two a11y1

bromides (scheme 24). This type of reaction can be effected by

the use of organometallic compounds such as palladium(II) com-

plexes. However the problemsa 0 of cross-coupling, and regio-

chemical and stereochemical scramblÍng led us to consider

other options first.
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Me r Me

+ ->r

OH

Scheme 24

l,te decided to investigate the possibility of preparing

the sidechain by coupling an allylcopPer reagent with an

allylbromide as outlined in schemes 25 and 26. The Z-ísomer

was envisaged as arising from the lactone (128) whlch was to

be prepared by alkylating the allylcopper reagent (129). The

lactone was selected as this would give a product of known

Me Me

MeO z

r (9, z)

u

B

+

(rze)

Scheme 25

H

=>

.1.,l,

€

(126)
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stereochemistry about the double bond. It r.Ias also

Èhat the E-isomer of (8) could be prepared by the

ation{1 of the copper(I) enolate of the methoxyacid42

Me Me

thou ght

y-a 1ky1-

(r32) .

_\

-
0zH

r (130)

(9, E)

Me Me0

B

+

0zH C0zCu

(r32)

Scheme 26

(131) (r26)

It \.ras intended that the lactone allylcopper reagent

(Lzg) would be prepared by metallation of the bromolactone

(134) at low temperature. The bromolactone (134) was prepared

by a modification of the literature nethoda3. 3,3-Dimethyl-

acrylic acid was converted, using N-bronosuccinimide, to the

dibromoacid (133) which was cyclised to the desired bromolac-

tone ( 134) by treatment with aqueous sodi-um bicarbonate

(scheme 27).

,t,

u

ê
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r

NBS N HC0

0zH ozH

(133)

( 134)

Scheme 27

The bromolactone ( 134) was treated with one equivalent of

n-butyllithium, in tetrahydrofuran at -780, to give the lithi-

ated material. One equivalent of coPper(I) (as ICuI(nBusP) ],.)

hras added and then the trimethylallyl bromide (L26) tuas intro-

duced into the reaction mixture. This resulted in a complex

product mixture as shown by tlc and nmr spectroscopy. The

metallated lactone probably undergoes reaction with the carbo-

nyl group of other molecules of itself. The bronolactone Èhus

seemed incompatible with netallation chemistry and so atten-

tion r¡ras turned to the ]-alkylation of the methoxyacid ( 132) .

r u

rr

4-
(128)

(134)

B3



It has been reported a I in the literature that the

copper(I) enolates of c,ß-unsaturated carboxylic acids undergo

a1ky1aÈion pr,edoninantly at the ]-carbon atom when treated

with aI1y1 halides. Therefore the methoxyacid (132) was Pre-

pared as ít was expected that this would lead to the sidechain

precursor (130) (scheme 26).

r r

NBS

0zH 0zH 0zH

(13s) (136)

+

Na0Me NaHC0 g

Me

0zH

(r32) (137)

The (E)-methoxyacid (132) tuas prepared by an analogous

method42tb u to that described in the literature for the pre-

paratíon of a mixture of geometric isomers. 3,3-Dímethyl-

acrylic acid lras brominated using N-bromosuccinimide to give a

mixture of bromoacids4f (fgS) and (136). I,lhen this mixture

rras treaEed with aqueous sodium bicarbonate, the bromoacid

(136) cyclised to the lactoneu'(137) whereas the bromoacid""
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(135) *as unchanged and could be isolated as a pure isomer'

This ri¡as then converted to the methoxyacid (I32) bV stirring

with sodium methoxide in methanol for one hour at room tem-

perature. The pure E-isomer obtained in this manner had an

nmr spectrum which agreed with the nmr dataa2 quoted in the

liLerature for the E-isomer from the isomeric mixture.

The methoxyacid (132) vras deprotonaLed in tetrahydrofuran

by treatment with tvro equivalents of lithium diisopropylamide

at 00. The addition of two equivalents of cuprous iodide, fo1-

lowed later by the trimethylallyl bromÍd e (L26) , gave only an

intractable oi1 upon workup. The alkylation was also attempted

Me Me Me

LDA, CuI or c

0zH 0zCu 0zCu

(132)

H

-cu
nBuLi, CuI

H0z CuO z

( 138)

u

Scheme 28
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using ICuI(nBugP) ] +

plex mixture was

specËroscopy.

as a source of coPPer(I)

obtained as indicat ed

but sti11 a com-

by tlc and nmr

It ri¡as uncertain which proton of (132) r"ts being removed

by the lithíum diisopropylamide (scheme 28) and so it u¡as de-

cided to investígate the hydroxyacid (138) "" a substrate as

it vras unlikely to form a carbanion adjacent to the alkoxide

anion. The hydroxyacid (138) might be formed from the lactone

(I37) and because of the transoid arrangement of the enolate

the stability of the systen mighÈ be increased by the greater

p-orbital overla p.

The lactone (I37) was refluxed in 2l"l sulphuric acid for

two hours but unfortunately solvent extraction returned the

lactone unchanged as indicated by nmr sPecÈroscopy. However,

the lactone rapidly dissolved in aqueous lithium hydroxide to

give a solution of the carboxylate salt (139) but the hydroxy-

acid (138) could not be isolated as acidification resulted in

re-lactonisation to give the start.ing maLerial. The f.ithium

salt of the hydroxyacid was isolated by removal of the water

in vacuo to give a crystalline so1id. The infrared spectrum

showed two bands at 1560 and 1380 cm-r which was consistent

with the antisymmetric and symmetric carbonyl stretches of a

carboxylate sa1t. The nmr spectrum in deuterium oxide showed a

singlet resonance at ô 1.88 due to the methyl group, a singlet

at ô 4.32 due to Ehe methylene adjacent Lo the oxygen atom and

a broad singlet at ô 5.73 arising fron the vinyl proton.
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LiOH

H

02Li

H+

(137) (13e)

Since deprotonation of (139) would lead to a trianion it

hras necessary to use n-butyllithium as a sufficiently strong

base. The salt (139) t"s treated with two equivalents of

n-butyllithium in tetrahydrofuran at -780 and then three equi-

valents of cuprous iodide \{ere added' However addition of

trimethylallylbromide(126)followedbyacidicworkupcondi-

tions gave a complex mixture of products with some of the

lactone (L37) being present as shown by nmr spectroscopy'

Since the coPper(I) enolates (I2g) attd (131) (schemes 25

and26)weretoounstabletoundergocleanalkylations,it

\.ras decided to introduce a stabilising group ' Y-Alkylation of

0,ß-unsaturatedsystemshasbeenaccomPlishedbyintroducinga

directing group such as a carbonylas ' sulphoxidef6 or a su1-

phone+7t48rr+stso group etc. The sulphone group htas considered

because of its ease of introduction and removal under mild

conditions.

Thesulphone(140)'aspreparedbystirringthebromolac-

tone (134) with sodium benzenesulphinate in Letrahydrofuran

according to the literature procedure5t. The alkylation l{as
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r 0zPh

carried out by generating the anion with sodium hydride in

N,N-dimeÈhylformamide and then treating the soluÈion with the

trimethylallyl bromide (126). Addition of water and solvent

extraction gave the sulphone (141) in 2971 yie1d, after chroma-

tography, along wirh a srna1l amount (97t) of dialkylated

materia1- (I42).

( 134)

( 140)

PhS0 z Na

( 140)

SO zPh 02Ph

(141)

0

The nmr spectrum of the sulphone (141) showed a

singlet at ô 1.62 due to the three methyl groups on the

moiety, a vinyl proton at ô 5.92 and a tripleL at 6 4.18

ing from the methine proton next to the sulphone group.

prot.on was coupled to the adjacent methylene group

resonated at ô 2.82 as a doublet.

broad

a lkene

aras-

Thi s

which
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Ha b 0zPh
He

,
t

Hd

(r42)

Figure 1 7

ThenmrSpectrumofthedialkylatedmaterialshoweda

broad peak at ô 1.5 which integrated for six methyl groups.

The absence of a vinyl proton indicated that the second alky1

moiety \{as connected to the o-position (figure 77)- The 1ac-

tone methyl-ene protons (Ha, Hb) \.¡ere nonequivalent and appear-

edasapairofdoubleLsduetothecarbonbearingthesul-

phone group being chiral' The proton (Hc) attached to this

chiralcarbonatomresonatedaSadoubletofdoubletsshowing

coupling to the nonequivalent protons (Hd' He) of the vicinal

methylene group. This compound arises by sulphone (141) being

deprotonared Iby the anion of (140)] and undergoing alkylation

atthea-position.Thissecondalkylationdoesnotoccurat

the J-carbon atom presumably due to steric hind'$rance' The

firstformeddialkylaLionproductthentautomeriseStoÈhe

more stable (I42) (scheme 29)'

H
,

t
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0zPh 0zPh

R-Br

.¡.

-H' .
<_ \

(141)

0zPh 0zPh

(r42)

Scheme 29

Due ro rhe 1ow yield, (297") of the desired product (141),

more favourable reaction conditions r{ere sought. In order to

prevent the dialkylation, the addition mode Ìtas reversed. A

solution of the sulphone (140) anion was added slowly to an

excess of the alkyl bromide, in this manner the sulphone (140)

anion was rapidly alkylated and its concentration was kept to

a ninimum thereby preventing deprotonation and further aLky1-

ation of the product. This procedure stopped the dialkylation

and increased the yield of (141) to 577".

-
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0

0zPh

(141)

Na-Hg

The sulphone moiety of (141) *as removed by reduction5r

with 57" sodium amalgam in methanol at -2Oo to give the lactone

(128). The nnr spectrum of the crude producË showed no phenyl

proton reonances, indicat,ing that this reduction was quantita-

tive. The two adjacent methylene groups of (I28) gave rise to

a broad singlet resonance due to the protons being in very

similar environments.

The use of sulphone chemistry had enabled us to success-

fully couple the a11y1ic bromides (134) and (L26) to produce

the lactone (128) (scheme 25). Our next concern r{as the e1a-

boration of this lactone to give the Z-ísomer of the sidechain

(8), however difficulty hras encountered at this stage.

e

(128)

(128)
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As rras found with lactone (137), attempted acid hydrolys-

is failed to cleave the lactone ring. since lactone (137)

could be cleaved with aqueous lithium hydroxide at room ten-

perature, it was thought that these conditions might promote

hydrolysisof(128).Contrarytothis,lactone(128)'""sfound

to be inert towards this treatment, possibly because of its

low water solubility. The use of methanol as a cosolvent led

to deconposition as did attempted hydrolysis with lithium

hydroxide in dimethoxYethane '

Owing to the difficulties in

in the lactone ring ' reagents

cleavage s 2 were investigated '

effecting an 0-acY1 cleavage

capable of inducing 0-alkY1

I

I-
s-

-Oz

(128)

Scheme 30

The lacrone ( 128) *as refluxed with lithiun iodide in

N, N-dimethylformamide for 24 hours, however ' only starting

naterial was recovered. since the o-alky1 cleavage by iodide

ion is potentially reversible (scheme 30), ít h¡as uncertain

whether this reaction failed to proceed or established an
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equÍlibrium favouring the starting naterial. If trimethylsilyl

iodide could be used to cleave the lactone ring, then the pro-

duct would be O-Protected and night be isolated without the

reverse reaction occurring. Consequently, the lactone ( 128)

was stírred in acetonitrile with trimethylsilyl iodide (which

\./as prepared 'in si tu 5 3 f rom the silyl chloride and sodium

iodide). However, this procedure failed to cleave the lactone

ring even after reflux for three days.

RS

Oz

(128)

Lithium thiolate" 5 4 t 5 5 ter. also investigated for their

ability to promote 0-alky1 cleavage of the lactone. The 1ac-

tone (128) was stirred overnight with excess lithium thiophen-

oxide in NrN-dimethylformamide but vrorkup returned the start-

ing material quantitatively as was shown by nmr spectroscoPy.

Similarly, treatment r¡ith excess lithium thioethoxide failed

to cause ring oPenning.

R

Since the lactone (L28) could not be elaborated

isomer of the sidechain (8), attention was turned

isomer. It u¡as thought that sulphone chemistry might

to

to

the

r.he

Z_

E_

be

93

aga an



employed to couple the a1ly1 units (143) and (L26) (scheme

31). In order to gain success fron this approach it would be

necessary to be able to differentiate between the methyl

groups of 3,3-dimethylacrylic acid.

Me 0 zPh Me

+

0zR zR
(r26)

(143)

Me0 Me r Me 0zPh

NBS

-

0zH ozH 0zR

---\

-r

(132)

Scheme 31

(r44) (143)

Ir lras hoped thaË the sulphone (143) might be obtained

vìa the bromination of the (E)-methoxyacid (132). However,
of

bromination |thi.s compound with N-bromosuccinj-mide gave the

product (145) arising from bromination at the carbon atom

Me

( 14s)

B
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bearing the methoxyl group. The nmr spectrum of this material

displayed a one proton resonance, at ô 5.57 due to the methine

group bearing the bromine atom and the methoxyl group. The

methyl group resonated ô 2.07, indicating Ëhat no bromination

had occurred at this position. The crude product reaction mix-

ture contained none of the desired bromide (I44)-

The anticipated difficulty involved with the differen-

tiation of the methyl groups of 3,3-dimethylacrylic acid meant

thaÈ the sulphone (143) would not be easily synthesised. For

this reason, an alternative synthetic scheme ï¡as sought.

0Me

B

Figure 18 r

The previous a11y1-a11Y1

with the formation of bond A

proach might be the formatíon

as shown in scheme 32.

coupling strategy r¡as concerned

( figure 18). An alternative ap-

of bond B, this can be envisaged

If epoxide

d ia 1k yl cu prate

attack at the

denC"55r57r58

product could

for this

(146) was treated with a

the organonetallic reagent

0-carbon atom as there i-s

regiochemistry. The

rise to the desired

suitable lithium

may be expected to

literature prece-

first formed a1dol

esLer (I47 ) bythen give

9:i



Me0 z Me0 z

+ LíC

H

( 146) R (161) OR

MeO z

Scheme 32 R (r47)

undergoing dehydration. The lithium dialkylcuprate required

for this reaction could be prepared from the homoallylic bro-

mide (I49) r.rhich might be prepared by reaction of trinethyl-

vinyllithiumss with ethylene oxide, followed by treatmenL with

phosphorus tribromide (scheme 33).

OH

(148)

r

( 14e)

+
l-

Scheme 33
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Me0 z MeOzC H0z

NBS NazC0e

r H

MeOH, H
J

+

Me0 z MeO z MeO z

-

#-

SíMe2tBu SiMe 2 tBu OH

(1s1) (1s0)

Scheme 34

It r¡¡as thought that the epoxide (151) could be prepared

from methyl crotonate (scheme 34). Treatment of methyl croton-

aÈe with N-bromosuccinimide gave methyl 4-bromocrotonate. This

was refluxed in aqueous sodium carbonate for 2 hours to give

the hydroxyacid which was re-esterified by refluxing it in

methanol containing p-toluenesulphonic acid. The hydroxyester

thus formed vas converted to the ter.t. -butyldimethylsilyl

ether (150) with tert.-butyldimethylsilyl chloride and using

4-dimethylaninopyridine as a catalyst60, in a mixture of

triethylanine and dÍchloromethane. The silyl ether (150) ltas

characterised by the following spectral- daÈa. The infrared

spectrun showed a carbonyl peak at L720 cn-l and another at

1660 due to the double bond in conjugation. The nmr spectrum

showed three mutually coupled signals. The vinyl protons Ha
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Hb 0 zMe 6 6.77 ,

ô s.83,

6 4.20,

15, Jt 4 Hz

15, Jt 2 Hz

to prepare

been used

a, ß-Un-

Ha

Hb

Hc

dr,

dr,

Jd

Jd
Hc

Ha m

Figure 19

0SiMe 2 tBu

(1so)

and Hb (figure 19) appear as a pair of doublets aL ô 6.77 and

5.83 with a coupling constant of 15 Hz. Ha is further coupled

to the methylene protons Hc with a coupling constant of 4 Hz

and Hb also shows 2 Hz coupling to Hc. The methylene protons

Hc appear as a multiplet at 6 4.2O, being split into a doublet

by each of Ha and Hb. The ester nethyl group resonates aE ô

3.58 and the si1y1 group has resonances at ô 0.87 and 0.05 due

to the tert.-buty1 and methyl groups respectively'

The epoxidaLion of C, ß-unsaturated esters with neta-

chloroperbenzoic acid has been describe¿37t 6l in the litera-

ture. These reactions proceed very s1owly yet give the

epoxides in acceptable yield. The unsaturated ester (150) was

treated with meta-chloroperbenzoj-c acid in dichloromethane at

reflux for twenty hours, however no epoxidation l¡/as observed

and only the starting material was recovered as was found by

nmr spectroscoPY.

Other reagents rdere then investigaÈed in order

the epoxyester ( 151 ) . Basic hydrogen peroxide has

successfully to epoxidise unsaturated aldehydes 5 2 .
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0SiMe 2tBu

(1so)

SiMe 2 tBu

(1s1)

saturated ketones have also been epoxidised with hydrogen per-

oxide. The procedure described by Yamazakí63 involves oxid-

ation with hydrogen peroxide, in methanol, using potassium

carbonate as a mild base. This proceduie gives ePoxides in

high yie1d. However, when the unsaLurated ester (150) u¡as tre-

ated wit.h hydrogen peroxide and Pqtassium carbonate in

methanol for Sixteen hours, no reaction l¡as observed.

Basic tert.-butylhydroperoxide is another reagent that

has also been used to epoxidise crß-unsaturated aldehydes6a

and ketones 5 s . Ketones are oxidised using be nzyLtrÍnethyl-

ammonium hydroxide (Triton B) as a catalyst in dry benzene.

Trearmenr of (150) with freshly distilled tert.-butylhydro-

peroxide in the presence of Triton B for sixteen hours, failed

to yield the required epoxide.

Allylic a1coho1s66 are knor+n to react very rapidly with

tert. -butylhydroperoxide using vanadyl acetylacetonate as ã

catalyst. Therefore, it vlas considered thaÈ methyl 4-hydroxy*

crotonate may be epoxidised more readily than the si1yl ether

(150). Methyl 4-hydroxycrotonate was refluxed in benzene with
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OH

terE.-butylhydroperoxide and vanadyl

days yet epoxidation could sti11

starting material was recovered.

0 zMe Br 0 zMe

NBS

H

0S iMe z tBu

(1s0)

S j-Me z tBu

C0 zMe

acetylacetonate for four

not be effected and the

0 zMe

0SiMe z tBu

(1s1)

H

The unsaturated ester ( 150) r4/as also Èreated with N-

bromosuccinimide in aqueous tetrahydrofuran to ascertain whe-

ther the bromohydrÍn could be formed, since this may lead to

the epoxide. The ester (150) Ïras inert to N-bromosuccinimide

under these conditions and no further attempts were made to

epoxidise the ester (150).

An alternative approach to the epoxyester ( 151 ) was

offered by the Darzenrs glycidic ester synthesis6t ("cheme

35). Reaction of a protected hydroxyacetaldehyde with methyl

chloroacetate under basic conditions. might yield the epoxy-

ester directly. The protecting group chosen was the benzyl-
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O zMe

SiMe 2 tBu

(1s1)

Benzyl alcohol was

tetrahydrofuran, and

diethyl acetal to give

the acetal. The nmr

pled (6 Hz) doublet at

deproLonated with sodium hydride, in

\{as alkylated with bromoacetaldehyde

the desired benzyloxyacetaldehyde as

spectrum of (L52) showed a mutually cou-

ô 3.28 and a triplet at ô 4.57 arising

B 0zMe

=>

Scheme 35

ether as this would be stable to base and would be easily re-

movable with acid. The literature preparation6s of benzyloxy-

acetaldehyde involves the oxidative cleavaþe of glycerol 1-

benzyl ether6e, the prèparation of which is lengthy. For this

reason, a more dírect method of preparation I¡/as attempted

( scheme 36 ) .

0Er 0Er
P Br Ph

EI Et

(rs2)

Ph

Scheme 36
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from the adjacent methylene and methine groups ' respectively,

of the acetaldehyde moieLy. The spectrum also showed two quar-

tets at ô 3.58 and 3.54 revealing that the ethoxy groups are

magnetically non-equivalent. (This was also observed with the

bromoacetaldehyde diethyl acetal. ) The aromatic and methylene

protons of the benzyl group resonated at ô 7.18 and 4.53 res-

pectively.

Unfortunately, the acetal moiety of (I52) could not be

hydrolysed without the benzyl ether also being cleaved' hlhen

the ether-acetal lf as stirred in a nixture of ethanol an d LOT"

sulphuric acid (2zI), for sixteen hours at room temperature'

neither the acetal nor the benzyl ether was hydrolysed and the

sÈarting rnaterial Í¡as recovered as was indicated by nmr spec-

troscopy. However, treatment of Èhe ether-acetal with a

mixture of ethanol and LOZ sulphuric acid (1:3)' for the same

period of time, hydrolysed the benzyl ether and only benzyl

alcohol I{¡as recovered ( neither hydroxyacetaldehyde nor its

acetal could be recovered f rom the aqueous phase ) . l'lhen the

ether-acetal was stirred in a mixture of methanol and IO% sul-

phuric acid (1:1), benzyl alcohol was recovered showing that

the ether had undergone partial hydrolysis. The starting

material and its corresponding dimethyl acetal were also reco-

vered showing that the aceLal was undergoing exchange, yet no

hydrolysis of the aceÈa1 was observed.
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Benzyloxyacetaldehyde could not be prepared by the above

method, âod so to assess the Darzenrs reaction, nethoxyacet-

aldehyde ulas prepared by the oxidationT0 of 2-nethoxyethanol.

OH

Me Me

c1cH2c 0 zMe

Me0 zC

Ethanolic sodium ethoxide \{as added to a mixture of

methyl chloroacetate and methoxyacetaldehyde at -2Oo. The

ratio of ethoxide Èo chloroester and aldehyde was 1.6:1.6:1.0

respectively as this has been reported6T to be optimum. Howev-

er workup gave an intractable mixture and no epoxide was

isolated. The use of ether as a cosolvent proved to be no more

fruitful and again only dark polymeric material l¡as obtained'

The final retrosynthetic analysis of the sidechain to be

considered u¡as that shown in scheme 37. The methoxymethyl

noiety might be introduced by a suitable anion undergoing an

addition-elimination sequence, replacÍng the leaving group X

in compound ( 153). Examples of such addition-elimination

sequences have been reportedTl in the recent literature. Con-

pound (153) could be obt.ained fron the corresponding ß-keto-

ester.

e
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Et0z C (1ss)

x+
Et0 z (1s3)

Br

€+

EtOzC (r26) EtO z (1s4)

Scheme 37

Ethyl acetoacetaEe \,{as treated with sodium hydride in

tetrahydrofuran followed by n-butyllithium to generate the

dianionT2. Alkylation with a11y1 bromide (126) gave the keto-

ester (154) in 837" yield. The nmr spectrum showed a nine

proton signal at ô 1.64 due to the nethyl groups on the

carbon-carbon double bond. The two adjacent methylene groups

resonated as a muttiplet at 6 2.46, and the methylene group

between the two carbonyl groups resonated at ô 3.43. The mass

spectrum showed the nolecular ion at n/e 2L2'

Ketoester (154) could be converted to the methyl enol

ether (156) by treaLment with excess ethereal diazonethane

over sixteen hours. The alkylation proceeded very slowly but

cleanly to give one geonetric isomer, which was assigned the

Z-stucture. This assignment r.Ias made on the basis that it is
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I

0EI(1s4)

CHzNz

Me

EtO z

Scheme 38 (1s6)

the hydrogen bonded Z-enoL that undergoes alkylaLÍon73 (scheme

38). The slow rate of Èhis reaction is probably due to the low

enoL content of compound (154), as its nmr spectrum shows no

indication of any enol being present.

The nmr spectrum of enol ether (156) shows a sharp sj'n-

glet at ô 4.85 due to the vinyl Proton and another at ô 3-80

due to the methoxyl group. The two adjacent methylene groups

also resonated as a singlet at 6 2.2O due to the protons being

magnetÍcal1y equivalent.

i The initial investigation of the addition-eliminatlon se-

quence used nethyllithíum and lithium dimethylcuprate as model

systems. The enol ether (156) tas treated with one equivalent

of methyllithium in tetrahydrofuran at -700. The solution was
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uelil Me

->EtO z EtOzC

(1s6)

allowed to r,/arm to room temperature and t.hen acidic workup

gave the ketoesÈer ( 154). This product was formed by the

methyllithium attacking the methoxyl carbon atom and thus dis-

placing the stable enolate anion of (154). This demethylation

does noÈ occur by simple hydrolysis during rt¡orkup as a smal1

sample of the enol êther was subjected to the workup condi-

tions and ÌIas recovered intact.

hlhe n

cu prate ,

occurre d

Treatmen t

thi s reaction hlas repeated with lithium dimethyl-

tetrahydrofuran at 1ow temperature ' no reaction

the enol ether was recovered after workup.

1n

and

of the e no1 ether with lithium dimethylcuprate at

caused demeÈhylation and the ketoester ( 154)room temperature

was obtained.

Me

e
Ph

l_

Scheme 39 Me0 Ph (1s7)

The methyl enol- ethers of ß-diketones have been repor-

tedT t to react with heteroatom substituted alkyllithium

reagents to give sysLems such as (157) (scheme 39). The
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authors do not report any competing demethylation and so the

heteroatom substituted methoxymethyllithium was hoped to

behave similarly and undergo the desired addition-eliminaÈion

sequence.

Me

EtO z

MeOCH z Li

EtOzC

(1s6) (1s4)

Methoxymethyllithium \.fas prepared from methoxymethyl

chloride by treatment with lithium in dimeLhoxymethane, âc-

cording to a literature procedureTa. Treatment of the enol

ether (156) with nethoxymethyllithium, in dimethoxymethane at

low temperature, êffected demethylation and the keLoester

(154) *as recovered. This reaction was repeated in the pres-

ence of cuprous iodide in an attempt to form the lithium

dialkylcuprate. TreaÈment of methoxymethylli.thium with cuprous

iodide followed by subsequent addition of the enol ether aE

1ow temperature returned the starting material upon workup. It

is uncertain whether the dialkylcuprate r¡as formed, as previ-

ous workTs in thÍs department has met with no success in

attempts at generating c-methoxycuprates.

Another alternative considered was the use of a less

reactive alkyllithium reagent, for example, the sulphone sta-

bilised alkyllithium (158). This softer anion would hopefully
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0zPh

Me

-+
( lse)

attack the

night then

to undergo the addition-elimination sequence

it was decided to investigate the reaction of

Et0 z Li Et0 z

Me 0zPh

(1s8)

react with the unsaturated ester noiety rather than

methoxy carbon atom. The sulphone moiety of (159)

be reductively cleaved using sodiurn amalgam.

0zPh Me0

Me
Na-H

Bt0 z (1se) Et0 z

(Methoxymethyl)sulphonylbenzeneT6 I{¡as prepared by reacting

methoxymethyl chloride with sodíum benzensulphinate in tetra-

hydrofuran. The sulphone was deprotonaÈed with n-butyllithíum,

in tetrahydrofuran at -700, and then the enol ether (156) was

added. The solution I{¡as stirred at room temperature f or two

days whereupon rrorkup returned the sulphone and the enol ether

intacL.

since rhe merhoxy( phenylthio)methyllithium ( 160) has been

reporLed 7 r

(scheme 40),
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Bt0 z Li EtO z

Me Ph

(160)

0Me 0zPh

Me

- Na-Hg<_-

Et0 z Et0z ( lse)

this reagent with enol ether (156). It was considered that

this reagent should be Èhe one most likely to bring success

and the phenylsulphide moiety cou1d, in princiPle, be conver-

ted to the sulphone and hence be reductively cleaved to give

the desired sidechain.

Methoxymethyl phenyl sulphide ri¡as prepared by the a1kyl-

ation of thiophenol with methoxymethyl chloride as describedTT

in the literature. This sulphide llas deprotonated with sec.-

butyllithiun, in tetrahydrofuran at -780, âDd was introduced

to Lhe enol ether (156). This procedure caused demethylation

of the enol ether and the keÈoester (154) was recovered.

The enol phosphate esters of ß-ketoesters have also been

used as substratessl for the addition-elimination sequence"

These enol phosphates react with lithium dialkylcuPrates to
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(ErO)2

¡', çuL i
Me0 z

Scheme 4L

give ß-alky1-ated unsaturated esters sLereoselectively (scherne

41). The enol phosphate ester of (154) may be a better sub-

strate for this process but unfortunately this could not be

investigated in the time available.

R

MeO z
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EXPERIMENTAL



General-.

Melting points were determined on a Kofler hot-stage aP-

paratus and are uncorrected. Microanalyses were performed by

the Australian Microanalytical Service, Melbourne. Light pe-

troleum refers to a fraction of boiling point 6O-700.

Preparative thi-n layer chromatography plates vrere prepared

from Merck Kieselgel GFzs,' and analytical thin layer chroma-

tography was performed using Merck DC-AIufolein Kieselgel

60Fzs¡. Column chromatography was performed on Sorbsil silica.

Drying and other purification of organic solvents was accom-

plished by standard laboratory procedur""". All organic

extracts !r'ere dried over anhydrous sodium sulphate.

Infrared (ir) spectra were recorded on a Jasco IRA-l

grating spectrometer in carbon tetrachloride solutions unless

otherwise stated. The 1602 cm-1 band of. polystyrene was used

for calibration. IH Nuclear magnetic resonance (nmr) spectra

\./ere recorded on a Jeol PMX-60 spectrometer operating at 60

lIHz. 13C and some rH nmr spectra h¡ere recorded using a Bruker

hlPS0DS spectrometer operating at 20.1 or 80 MHz respectively.

Deuterochloroform was used for solvent unless otherwise speci-

fied and tetramethylsilane v/as used as an internal standard;

all chemical shifts are quoted as ô i-n parts per million and

coupling constants are given in Hettz. Mass spectra were rec-

orded with a Hitachi Perkin-Elmer RMU-7D double focusing mass

spectrometer or an AEI MS 3O74 spectrometer, both operating at

70 eV.
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Chapter 1.

4-(N-AcetyTanino)-3-bronobenzoic Acid ( 19) .

This compound v/as prepared by a literature procedure5.

M.p. 214-2150 (1it. s m.p. 2300). ur"* (nujol mu11) 3200-2600,

1710, 1660, cr r. N.m.r. 6 (CD3COCD3) 8.54, d, J 8 Hz, ArH;

8.06, d, J 2 Hz, ArHS 7.6L, dd, J 8, 2 Hz, ArH; 2.I4, s'

COCHg. Mass spectrum n/e 257/25g (M+) , 2!5/2I7, Lg7/Lgg.

N- ( 2-Brono- 4-nethyTphenyl ) -2, 2-dinethylpropananide ( 22) .

Z-Bromo-4-toluidine (5.00 B, 27 mmol) in ethet (25 m1)

rras added dropwise to a solution of pivaloyl chloride (3.25 g,

27 mmol) in ether (100 ml) and the solution ri¡as stirred for I

h. The solution was washed with 3 N hydrochloric acid (2 x 50

m1), Èhen with saturated sodium hydrogen carbonate (50 m1) and

the solvent r¡ras evaporated. The residue l¡as recrysÈallised

from light petroleum to give colourless prisms (6.50 B, 897")'

m.p. 65-660 (Found: C,53.5; H,6.0. CrzHl5BrNO requires C,

53.4; H, 6.O7.). uru* 3440, 1700, 1610, 1580, 1510 cm-r. N.m.r.

ô 8.10, d, J 8 Hz, ArH; 7.8, br, NH; 7.27, d, J 2 Hz, ArH;

7.00, dd, J 8, 2 Hz, AriH; 2.25, s, CHe; 1.32, s, tBu. Mass

specrrum ø/e 269/27r (M+) , 268/27o, 190, r85/r87, 57.
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3-Brono-4-(2,2-dinethyTpropanoyTanino) -benzoic Acid (23) .

The ,tol-uidide (22) ( 0. 50 8, I .85 mmol ) , potassium perman-

ganate (1.00 g, 6.3 mmol) a.td magnesium sulphate (0.80 g) I{¡ere

refluxed,in water (15 m1) for t h. Addition of sodium metabi-

sulphite (0.50 g), filtration, acidification of the filtrate

and extraction with eÈhyl acetate (2 x 30 ml) gave the car-

boxyTic acìd (23) (O.22 g, 4O7") r+hich h¡as recrysLallised f rom

dichloromethane/1ight petroleum. M.p. L7O-171.50 (Found: C,

47.7; H, 4.5. CrrHrnBrNO. requires C, 48.0; H, 4.77"). V*"*

(nujol nu11) 3440, 30OO-2600, 1700, 1600, 1580, 1530 cm-1.

N.m.r. 6 (CD3C0CD3) 8.31, d, J 8 Hz, ArHi 8.2, br, NH; 8.11,

d, J 2 Hz, ArH; 7.88, dd, J 8, 2 Hz, ArH; 1.33, s, tBu. Mass

spectrl-m n/e 2gg/3or (M+), 22O, 2r5/2L7, 2O5, 57.

Lithiation of the CarboxyTic Acid (23).

The carboxylic acid ( 0. 100 8, 0.33 mmol ) in dry tetra-

hydrofuran (5 m1) was cooled to -780 under nitrogen. Methyl-

lithium (1.00 ml, 0.72 mmol) *as added followed by tert--

butyllithium (0.35 m1,0.67 mmol) r¿hich produced a ye11ow

solution after stirring for 1 min. 411y1 iodide (170 mB, 1-01

mmol) was then added and stirring was continued for a further

5 min at -780. hlater (5 ml) v/as added, the mixture was washed

with ethyl acetate (5 m1) and the aqueous layer was acidifíed

and extracted with ethyl acetate (3 x 10 ml) to give 4-(2,2-

dinethyTpropanoyTanino)-3-iodobenzoic acid (26) which ï¡as re-
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crystal-lised from dichloromethane/1-ight petroleum to

colourless needles (63 nB, 547"), m.p,. 2O9-2IIo (Found:

41.8; H, 4.L. CrzHr,.INO3 requires C,'4L.5; H, 4.lZ).

(nujo1 mu11) 3400, 3000-2600, 1690,1600,1590,1570,

cm-r. N.m.r. ô (CD3COCD3) 9.2, br, NH; 8.4-7.6, m, ArH,

1.23, s, tBu. Mass spectrum n/e 347 (M+), 304, 263, 57.

gi ve

c,

vnax

1510

3H;

rob

N-( 2-Bronophenyl ) -2, 2-dinethylpropananideL' ( Zg) .

2-Bromoaniline (3.00 B, L7 mmol) in ether (20 nI) was

added dropwise to a sòlution of pivaloyl chloride (2.20 B, 18

mmol) and pyridine (2.00 B, 25 rnmol) in- ether (50 m1) and the

solution was stirred for t h. The solution was washed with 3 N

hydrochloric acid (2 x 30 m1), then with saturated sodiun

hydrogen carbonate (30 m1) "nd the solvent was evaporated. The

residue \{as recrystallised fron light petroleum to give a

white crystalline solíd (2.55 B, 597"), m.p. 56-570 (1it.rr 6O-

61.5 o). v 3440, 1700, 1590, I52O cm-1.nax

Tetraki sI iodo( tri-n-butylphosphine) copper ( I ) ] .

This compound was

M. p. 72-73 o ( tir. I ob 
m

a literature procedureprepared by

p. 750).
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LithiationT of the Bronoanide (29).

The bromoamide (0.50 g, 1.95 mmol) in dry tetrahydrofuran

(25 nl) h¡as cooled to -780 under nitrogen. Methyllithium (2.80

n1, 2.O mmol) *as added followed by tert.-butyllithium (2.L0

m1, 4.0 mmol) which produced a ye11ow solution after stirring

for 1 min. The electrophile (6.00 mmol) "as then added and

stirring was continued for a further 5 min at -780. Saturated

ammonium chloride (25 m1) was added and the mixture h¡as ex-

tracted with ethyl acetate (3 x 25 m1). Purification of the

product ltras achieved by chromatography on silica ge1 andfot

r e c r y s t a 1 1 i s a t i o n .

By thÍs procedure the following compounds lt/ere pr epared:

A. N-(2-Iodophenyl)-2,2-dinethyTpropananide (32), using

a11y1 iodide and chromatography on silica ge1 [ethy1 acetate/

light petroleum (20:80)l gave the iodide (32) (355 m8, 607')

then the reduced conpound (31) (75 88, 227"). The iodide was

recrystallised from light petroleum to give colourless need-

1es, m.p. 75.5-760 (Found: C, 43.8; H, 4.7. CrrHr,+IN0 requires

C, 43.6; H, 4.7i1). uru* 3430, 1700, 1590, 1520 cm 1. N.m.r. ô

8.18, dd, J 8, 2 Hz, ArH; 7.67, dd, J 8, 2 Hz, ArH; 7.25, td,

JE 8, Jð, 2 Hz, ArH : 6.73, td, Jt 8, Jd 2 Hz, ArH; 1 .30, s 
'

tBu. Mass spectrum n/e 303 (M+), 2Ig, 176,57.
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B. (E)-N-t2-(7-Hydroxybut-2-en-1-y7)-phenyTl-2,2-dinethyT-

propananide (34), using trans-2-,butena1 and chromatography on

silica gel Iethyl acetate/tigtrt p'etroleum (30:70) ] gave (34)

(0.45 E, g3Z) as an oi1. (Found: M+ 247.L578. CrsHzrNO 2 re-

quires 247 .L572). uru* 3360, 1680, 1610, 1590 , L52O cm-r '

N.m.r. 6 9.2, br, NH; 7.96, dd, J 8, 2 Hz, ArHi 6.9, m, ArH,

3H; 5.6, m, HC=CH; 5.18, m' ¡ICOH; 5.1, br, 0H; 1.63, d, J 4

Hz, C=C.CHs; 1.20, s, tBu. Mass spectrum n/e 247 (M+), 162,

57. The compound decomposed on attempted distillation, (dec.

I2oo / o .o1 nm) .

c. N-t2-(Prop-2-en-1-y7)-phenyTl-2,2-dinethyTpropananide (33).

This compound vas prepared by lithiation of the bromoamide

(29) followed by addition of tetrakisIiodo(tri-n-butylphos-

phine)copper(I)l (0.77 B, 1.95 nmol Cu) and then a11y1 chlor-

ide (0.46 g, 6.01 mnol) at -78o. Chromatography on silica gel

and elution with ethyl acetate/tigtrt petroleum (30:70) gave

trì-n-butylphosphine (0.37 g, 94i¿), bronoanide (29) (0.14 B,

287") and then the aTTyTbenzene (33) (0.20 8, 47%) which was

recrystallised fron light petroleum. M.p.98-98.50 (Found: C,

77.63 H,8.9. Cr,+HrsNO requires C, 77.4; H,8.82). vr"* 3440,

1700, 1600, 1590, 1530 cm-1. N ô 7.80, dd, J 8, 2 Hz,

ArH; 6.9, m, ArH, 3H; 5.9, m, CH=C; 5.1-4.9, m, C=CHzi 3.38,

br d, J 7 Hz, CHzi 1"17, s, tBu. Mass specttum n/e 2L7 (M+),

L77, 160, L32, 93, 57.
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Reaction of the carboxyTic Acid (23) with ThionyT ChToride.

The carboxylic acid, (23) (0.40 g, 1.33 nmol-) was refluxed

in thionyl chloride (10'm1) for 30 min. Evaporation of the vo-

1aÈi1e components gave a solid which nas recrystallised from

carbon tetrachloride to give 2-brono-4-(2,2-dinethylpropanoyT-

anino)-benzoic anhydride (35) as colourless prisms (0.31 g '

7gZ), m.p. 130-1310 (Found: C, 49.4; H, 4.7. Cz'.HzeBrzNz0s re-

quires C, 49.5; H, 4.52). ur.* 3440, L790, 1740, 1720' 1600'

1580, I52o cm-1. N.m.r. ô 8.57, d, J I Hz, ArH; 8.20, d, J 2

Hz, ArH; 7.97, dd, J 8, 2 Hz, ArH; 1.37, s, tBu. Mass spectrum

n/e 580/582/584 (M+), 5Or/503, 282/284, 22O, lg8/2OO, 57.

Attenpted Fornation of the tert.-Buty7 Estet of (23)-

The carboxylic acid (23) (0.20 E, O.67 mmol) *as dissol-

ved in dichloromethane (1.0 ml) containing dimeËhylformanide

(0.1 m1) and the solution was cooled Lo 00. 4-Dimethylamino-

pyridineTs (5 mB), tert.-butanol (0.20 E, 2.7 mnol) and di-

cyclohexylcarbodiinide (0.15 g, 0.73 mnol) were added and the

reaction mixture ldas stirred overnight at room temperature.

The mixture v¡as filtered, diluted with more dichloromethane

(10 m1) and was washed with 0.5 N hydrochloric acid (5 m1).

Removal of the solvent a'nd recrystallisation of the resídue

from carbon tetrachloride gave the anhydrìde (35) (0.17 g,

852) which vras identical to that preparèd earlier.
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MethyT 2-Brono- 4-( 2, 2-dìnethyTpropanoyTanino) -benzoate ( 36) .

The acid (23) (1.00 B, 3.33 mmol) was dissol-

ved in nethanôl (20 ml) and an ethereal solution of di-

azomethan"to (I0 nl, ca. 10 mmol) t"as added. Renoval of the

volatile components in vacuo and recrystallisation of the

residue from light petroleum gave the esËer (36) as colourless

prisms (0.95 B,9l%), m.p.57-580 (Found: C, 49.5; H,5.2.

Cr¡Hr5BrNO3 requires C, 49.7; H, 5.L7"). Vru* 3440, L740, 1720,

1600, !570, 1510 cm r. N.m.r. ô 8.33, d, J 8 Hz, ArHi 7 -98,

d, J 2 Hz, ArHi 7.77, dd, J 8, 2 Hz, ArH; 3.80, s, 0CH3; 1.30,

s, tBu. Mass spectrum ø,/e 3I3/3L5 (M+), 234, 22g/23I, 57 -

N - t 2- Br ono- 4 - ( br onone th y7 ) phen y7 I -2, 2- dineth y 7 pr opananide ( 3 I ) .

The toluidide (22) (2.00 g, 7.4 mmol) tas refluxed with

N-bromosuccinimide (1.35 g, 7.6 nmol) and benzoyl peroxide (50

mg) in carbon tetrachloride (80 m1) for I h. The mixture was

filtered and the filtrate evaporaËed. Recrystallisation of the

residue from light petroleun gave colourless prisms (2.10 E,

8IZ), m.p.89-900 (Found: C,41.5; H, 4.3. CrzH15Br2N0 requir-

es C,41.3; H, 4.32). vr.* 3440, 1700, 1600, 1570,1510 cm 1.

N.n.r. ô 8.17,, d, J 8 Hz, ArH:. 7.8, br, NHi 7-35, d,' J 2 Hz,

ArH; 7.10, dd,'J 8, 2Hz, ArH; 4.27, s, CH2Br;1.30, s, tBu.

Mass specrrum n/e 347/349/35I (M+) , 346/348/350, 268/27o, 190,

57.

carbox j'1ic
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Hydrolysls of the BenzyI Bronide (38)-

benzyl bromíde (38) (0.80 g, 2.3 mnol) tuas dissolved

in tetrahydrofuran (30 ml) and was stirred for L6 h with

saturated sodiun carbonate (30 n1). The layers r.¡ere separated

and the organic phase was r{ashed with saturated sodiun chlor-

ide (30 m1), evaporated and chromatographed on silica ge1.

Elurion with ethyl acetate/Light petroleum (50:50) gave a

fraction containing the benzyT bronide (38) (0.25 g, ca. 3O7.)

and some of the ether (40). Mass specËrum n/e M+ 552.0639

(Cz,*H.o"Br2N2O3 requires 552.0624); 552/554/556 (ether, M*),

473/475 (erher, M+-Br. ¡, 347 /g49/35r (benzvl broníde, M+),

268/27O ( benzyl bromide, l't+-gr. ) .

Further elution gave N-t2-brono-4-(hydroxynethyl)-

phenyTl-2,2-dinethyTpropananide (39) (0.34 E, 522) which was

recrystallised from dichloromethane/tigt¡t petroleum to give

colourless prisms, m.P. 90-910 (Found: C, 50.1; H, 5'7'

CrzH¡5BrNO z têquires C, 50.4; H, 5.6%). ur"* (CHCl3) 3640,

3500,3440, 1690, 1610, 1580, l52O cm-I. N-m.r. ô 7.98, d, J 8

Hz, ArH; 7.9, br, NH; 7.35, d, J 2 Hz, ArH; 7.05, dd, J 8, 2

Hz, ArH; 4.45, s, CIí2oHi 3.9, br, 0H; 1.28, s, tBu. Mass

specrrum nle 285/287 (M+), 242/244, 206, zoL/2o3, 57-

The
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N- t 2-Brono- 4- ( nethoxynethyT ) - phenyT I -2 ' 2-dineth y7 propananìde

(41).

The benzyl bronide ( 38) (0.50 B, L .4 mmol ) ,ras stirred

wirh sodium carbonate (0.30 g) in methanol (40 ml) for 3 h.

The solvent hras evaporated and the residue was extracÈed with

dichloromethane (50 m1) to give a colourless oil (0.37 g,862)

which was microdisrilled. B.p. 1100 /O.O1 mm (Found: c, 51.9;

H, 5.9. CreHraBrNO2 requires C, 52.0; H, 6.OZ)- ur"* 3440,

1700, 1610, 1590, 15lO cm-r. N.n.r. ô 8.27, d, J 8 Hz, ArH;

7.9, br, NH; 7.45, d, J 2 Hz, ArH; 7.L7, dd, J 8, 2 Hz, ArH;

4.35, s, OCH2;3.35, s, OCHg;1.37, s, tBu. Mass spectrum n/e

2gg/3or (M+), 2g8/3OO, 22O, 57.

7 - Br o no- 3 - ne th y7 but - 2 - ene .

This compound was prepared by a literature proceduresl.

B.p. 78-800/140 nr (lit.0r b.p. 77-78.50 /r35 mn). ur.* (film)

2960,1660, I44O,1370, 1200,840 cn-r. N.m.r. ô 5.45, br t' J

7 Hz, C=CH7 3.92, d, J 7 Hz, C=C.CHzi I.75, I.72, boÈh s'

c(cH3)2.

A7Ly7atìon of Bronoanides (39) and (41).

The bromoamide (2.00 mmol) t"as dissolved in dry tetra-

hydrofuran (30 ml) and \{as cooled tò -780 under nitrogen.

Methyllithium 12.IO nmo1, for ( 41 ) or 4.2A mmol, for ( 39) ]
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was added followed by tert.-butyllithium (4.00 mmol). After

stirring for 1 min, tetrakisIiodo(tri-n-butylphosphine)-

copper(I) I (O.77 B, 2.OO mnol Cu) rdas added, f ollowed 5 nin

later by the allyl halide (6.00 mmol). After stirring for a

further 5 min, saturated ammonium chloride (30 m1) was added

and the mixture was extracted with ethyl acetate (3 x 30 m1)-

Purification of the product q¡as achieved by chromatography on

silica ge1.

By this procedure the following allylbenzenes were pre-

pared:

A. N-t4-MethoxynethyT-2-(prop-2-en-1-y7)-phenyTl-2,2-di-

nethyTpropananide (42) using bromoamide (41) and a11y1 chlor-

ide, followed by chronatography on silica ge1. Elution with

ethyl acetate / Light petroleum ( 30: 70) gave tri- n-bu ty7-

phosphine (0.33 g, 82%), bronoanide (41) (30 mg,57(), reduced

compound (43) (0.155 B, 352) and Èhen Lhe aTTyTbenzene (42)

(0.198 g, 387") which \{as microdistilled to give a colourless

oi1, b.p. l4}o/0.01 mm (Found: C, 73.31 H,8.4. CreHzsN0, re-

quires C, 73.5; H, 8.92). vru* 3460, 1690, 1630, 1590, 1510

cm-r. N.m.r. ô 7.80, d, J I Hz, ArH; 7.O, m' ArH, 2H1, 5.8, m'

CH=C; 5.1-4.8, m, C=CHzl. 4.33, s' 0CH2; 3.30, br, 0CH3,

ATCH2C=C; 1.27, s, tBu. Mass specLrum n/e M+ 2fi.1726

(Cr sHzaNOz requires 26I.1729), 2O4, 177 , 57.
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B. N-t ï-MethoxynethyT-2-(3-nethyTbut-2-en-1-y7)-phenyTl-2,2-

dìnethylpropananide (44) using bronoamide (41) and 1-bromo-3-

methylbut-2-ene, followed by chromatography on silica gel.

Elution with ethyl acetate/1ight petroleum (30:70) gave tri-n-

butylphosphine (0.31 g, 772), bronoanide (41) (55 mB, 9Z) and

then the aTTyTbenzene (44) (0.45 g, 787") which was microdis-

tilled to give a colourless oi1, b.p. ISOo/0.01 mn (Found: C,

75.0; H, 9.6. CraHzzNOz reguires C, 74.73 H, 9.4%) - uru* 3440,

1700, 1590, 1510 cm- l. N.m. r. 6 7 .82, d, J 8 Hz, ArH; 7 -I, m,

ArH, 2H; 5.15, br t, J 7 Hz, CH=C; 4.32, s' OCHzi 3-28, br,

OCH g, ArCH 2C=C; 7 .73, b, C=C( CH ¡) z i | .23, s , tBu. Mass spec-

rrum n/e 28g (M+), 22o, 2o4, 57.

C. N-[ 4-HydroxynethyT-2-(prop-2-en-1-y7)-phenyT]-2,2-di-

nethyTpropananide (45) using bromoamide (39) and a11y1 chlor-

ide, followed by chromatography on silica ge1. Elution wíth

ethyl acetate / light petroleum (50:50) gave tri-n-butylphos-

phine (0.39 B, 972), /V-(4-hydroxynethyTphenyT)-2,2-dìnethyT-

propananide (50 ng, I2%) atrd then the aTTylbenzene (45) (0.375

g, 762) which was microdistilled, b.P. 1600/0.01 mm to give a

colourless oil whÍch crystallised on standing. M. p. 72-73o

(Found: C, 72.63 H, 8.3. CrsHzrNoz requires C, 72.8; H, 8.67").

uru* (CHC1a) 3640,3440, 1680, 1630, 1590, 1520 cn-r. N.m-r. ô

7.63, d,, J I Hz, ArH; 7.4, br, NH; 7.O, m, ArH, 2H1' 5.8, m'

CH=C; 5.1-4.8, m, C=CHz; 4.50, s, CIlzOH; 3.28, br d, J 6 Hz,

ArCH zC=C; I.23, s, tBu. Mass spectrun ø/e 247 (M+), 162, 57-
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D. N-[ 4-HydroxymethyT-2-(3-nethyTbut-2-en-1-y7)-phenyT]-2,2-

dineEhyTpropananide (46) using bronoanide (39) and 1-bromo-3-

methylbut-2-ene, followed by chronatography on silica gel.

Elution with ethyl acetate/tignt petroleum (50:50) gave tri-n-

butylphosphine (0.36 B, 89%), bromoanide (39) (40 n8, 7Z) and

then the alTyTbenzene (46) (0.48 g, 872) which was microdis-

ri11ed, ( b. p. 190 0/0. OS mm) to give a colourless oil which

crystallised on standing. M.p. IO2-1030 (Found: C,73.8i H,

9.0. C,.zHrrNO. requires C, 74.L; H, 9.22). vmax 3650, 3450,

1700, 1620, 1600, 1580 cn-r. N.m.r. ô 7.55, d, J I Hz, ArH;

7.5, br, NH; 7.I, m' ArH, ZHl 5.08, br t' J 7 Hz, CH=C; 4.5O,

s, CH2OHi 3.25, d, J 7 Hz, ArCH ,C=C; I.73, s' C=C(CH.) r; I.25,

s, tBu. Mass spectrum n/e 275 (M+), Lg6, 57.

Oxidation of the ATcohol (39).

The alcohol (0.20 E, 0.70 mmol) was dissolved in acetone

( 20 ml) and ra¡as titrated with Jones Reagent until an orange

colour persisted. The mixture was diluted with water (20 ml)

and extracted wiÈh ethyl ace¡ate (3 x 20 ml) to give an oil

which was chronatographed on silica ge1. Elution with ethyl

acetate / fignt petroleum (30:70) gave N-(2-brono-4-fornyT-

phenyl)-2,2-dinethyTpropananide (49) whÍch was recrystallised

from light petroleum to give colourless prisms (100 D8, 5IZ),

m.p. 118-1190 (Found: C, 50.5; H, 4.9.9trH.*BrNO. requires C,

50.7; H, 5.OZ). vrax 3440, 2850, 2720, 1700, 1590, 1570, 1510
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cm-r. N.m.r.6 9.75, s, CH=Oi 8.57, d, J 8 Hz, ArH;

2 Hz, ,{rH; 7.72, dd, J 8, 2 Hz, ArH; 1.35, s' tBu-

rrum n/e 283/285 (M+), 2O4, Lggl2}r, Lg}/2OO, 57.

7 .98,

Mass s pec-

(10:90) gave

identical to

d, J

the

that

(1.0

Further elution wiÈh ethanol/¿ict¡toromethane

carboxyTic acid (23) ( 88 m8, 42%) which \"as

prepared earlier.

Oxidation of the ATcohoT ( 4A¡ .

The alcohol (0.20 B, 0.73 mmol) tas treated as above to

give N- [ 4-fornyT-2- ( 3-nethyTbut-2-en- I -y7 ) -phenyl ] -2,2-di-

nethylpropananide (47) (0.19 g, 952) whlch ì.¡as microdistilled

to give a colourless oi1, b.p. 1550 /0.05 mm (Found: C, 74-4;

H, 8.3. CrzHz¡NOz requires C, 74.7; H,8.5"Å)- ur"* (CHCla)

34OO , 2740, 1690, 1620, 1590 ct-r. N.m.r. ô 9-98, s, CH=O;

8.40, d, J 8 Hz, ÂrH; 7.88, dd, J 8, 2 Hz, ArH; 7-7O, d, J 2

Hz, ArH; 5.28, br t, J 7 Hz, CH=C; 3.43, br d, J 7 Hz,

ÀrCH2C=C; 1.83, s, C=C(CHs)zi 1.33, s, tBu. Mass specErgm nfe

273 (M+), 2L6, 204, 188, 57.

4- ( 2, 2-Dine thy 7 pr opano y7 anìno ) - 3 - ( 3 -ne th yTbut - 2- en- I - y1 ) -

benzoic acid (48).

1.8

Å solution of silver nitrate (0.70 8r 4.L mnol) in water

ml) was added to a solution of the'aldehyde (47) (0-50 B,

mmol) in ethanol (2O ml). 1.0 M Aqueous potassium hydrox-

(10 ml) was then added and the resulting suspensi<¡n was
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stirred for 4 h. The mixture Ïras filtered and the filtrate was

washed with ether (2O m1). The aqueous phase

fied and extracted with ether (2 x 20 m1) to

aqueous phase was

x 5 ml) to give

then neutralised and

a dark oil (11 mg)

then acidi-

the car-

extracted with

containing the

rda s

ga Ye

boxyTic acìd (48) (0.39 8, 757.). Recrystallisation fron di-

chloromethane/1ight petroleum gave colourless prisms, m. P.

175-L770 (Found: C,70.5; H,8.1. CrrHrrNgg reQuires C,7O'6;

H, B.Oz). iru* (nujol nu11) 3380, 3000-2600, 1700, 1680, 1610,

1590, cr r. N.m.r. ô (CD3C0CD3) 7.80, m, ArH,3H;5.18, br t'

J 7 Hz, CH=C ; 3.4O, br d, J 7 Hz, ArCH ,C=C; 1 .75, s '

C=C(CHo)z; I.27, s, tBu. Mass spectrum n/e 28g (M+), 204, 57.

HydrolysÍs of the Anide (48).

The amide (75 mg, O.26 mmol) was refluxed in a mixture of

concentrated hydrochloric acid (2 ml) and ethano1- (2 m1) for

2 h. The solution was washed with ether (5 m1), basified and

then extracted with ether (2 x 5 ml) to give a dark oil (9 mg)

containing the ethyT esters (52) and (53). N.m.r. ô 7.6, m,

ArH, 2H; 6.53, br d, J I Hz, ArH; 4.30, Q, J 7 Hz, OCH2CHe;

2.6, m, AICH2CHz; L.7, m, ArCHzC,ízi 1.35, t, J 7 Hz, OCHzCísl

1.30, !.23, both s, C(CH3)2. Mass spectrum n/e M+ (52)

25I.1474 (Cr,rHzrN0g rêquires 251 .1521), M+ (53) 233.I4I5

(Cr,rHrgN02 reQuires 233.I4L6),

(Cr ¡HrsN0z reguires 2I8.1181).

( t"t+-t'te . ) (s3) 2L8.tL7s

The

ethe r (2
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carboxyTic acids (50) and (51). N.m.r. ô (CD3C0CD3) 7.8, m'

ArH, 3H; 6.52, br d, J I Hz, ArH; 2.8, m' ATCH2CHz; 1'8, m'

A..CH2CHrl 1.30 , L.23, both s, c(cH3)2. Mass spectrum n/e M+

(50) zZ3.t1g6 (CrzHrzNO3 requires 223.1208), M* (51) 2o5.1099

(CrrH,.sNOz requires 205.1103), (t'l+-t'le.) (51) 190.0864

( Cr rHr rNO2 requires 190.0868) .

HydroTysis of Ëhe Anide ( 44).

The amide ( 60 mg , o .2I mmol ) t"as ref luxed in a nixture of

concentrated hydrochlôric acid (2 m1) and ethano1- (2 m1) for

2 h. The soluÈion was washed with ether (5 ml), basified and

then extracted with ether (2 x 5 ml) to give a dark oil (6 mg)

containing the ethyT ethers (55) and (56). N.m'r' ô 7'0, m,

ArH, 2H; 6.60, br d, J I Hz, ArH; 3.50, q, J 7 Hz, OCH2CHg;

2.5, m, A.rCHrCHr; I.7, m' ArCHzCHrl L.32, L.28, both s'

C(CH3)2; 1.30, t, J 7 Hz, OCH TCHT. Mass sPec1 rum n/e M+ (55)

237 .L73L (Cr,,Hz sNO, requíres 237 .1729), M* (56) 2Ig.1595

(CrqH2rNO requires ZIg.L623), (M+-t'le.) (56) 204.1383 (CrsHreN0

requires 2O4.1389) .

N- ( 2-Brono- 4-nethyTphenyl ) -tr¡f Tuoroacetanide ( 57 )'

Trifluoroacetic anhYdride

dropwise, over 5 min, to a

toluidine ( 1 .00 B, 5.4 nnol) in

(L.2O B, 5.7 nnol)

stirred * solution of

dichloromethane ( 20

u¡a s ad decl

2-bromo-4-

m1). After
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stirring for a further 5 min, the solution was washed r¡ith sa-

turated sodium hydrogen carbonate (2 x 20 m1), the solvenL was

evaporated and the residue was recrystallised from light pet-

roleum to give colourless prisns (1.41 8, g3Z), D.P. 67-67.50

(Found: C, 38.4; H, 2.5. CgHzBrF¡N0 requires C, 38.3i H,

2.52). v---- 3420, 1755, 1615, 1590, 1540 ct-t. N.rn.r. ô 8.2,- max

br, NH; 8.03, d, J I Hz, ArH; 7.4O, d, J 2 Hz, ArH; 7.07, dd,

J 8, 2 Hz, ArH; 2.30, s, CHs. Mass spectrum ø/e 28I/283 (M+),

202.

N- t 2-Brono- 4- (brononethyT ) -phenyT I -tr¡fTuoroacetanide ( 58 ) -

The toluidide (57) ( 1.00 E, 3.5 nmol) was refluxed with

N-bromosuccinimide (0.70 8,3.9 mmol) in carbon tetrachloríde

( 40 ml) f or 30 min whilsÈ being irradiaÈed by a 40 1,1 sun lamp.

The mixture rdas filtered, the filtrate evaporated and the

residue was recrystallised from light petroleun to give

colourless prisms (I .I2 g,8g7.), m.P. 101-1020 (Found: C,

30.1; H, 1.8. CgHsBrzFsN0 requires C, 30.0; H, I.771). ur.*

3400, 1750, 1600, 1580, 1530 cr-r. N.n.r. ô 8.13, d,J I Hz,

ArH; 7.52, d, J 2 Hz, ArH i 7.27, dd, J 8, 2 Hz, ArH; 4.35, s,

CHzBr. Mass spectrt'm n/e 35g/36I/363 (M+), 28O/282.
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HydroTysis of the BenzyT Bronide (58).

The benzyl bromide (2.00 g, 5.5 nmol) was dissolved in

acetone (5 ml) containing water (0.1 ml) and was cooled to 00.

Silver carbonat"st (1.60, g, 5.8 nmol) tas added over 5 nin and

then the reaction mixture was stirred for I h at room tempera-

ture. The suspension was filtered, t,he fíltrate evaporated and

the residue was chromatographed on silica ge1. Elution r+ith

ethyl acetate / light petroleum gave N-[2-brono-4-(hydroxy-

nethyT)-phenyTl-trifluoroacetanide (59) (0.63 g, 387") which

was recrystallised from dichloromethane / light petroleum to

give colourless prisms, m.P. 73-73.50 (Found: C, 36.4i H, 2-6.

CgHzBrFsN0z requires C, 36.3; H, 2.4%).-ur.* 3400, L750, 1610,

1580, 1530 cr-t. N.m.r. ô 7.73, d, J I Hz, ArH; 7.37, d, J 2

Hz, ArH; 7 .07, dd, J 8, 2 Hz, ArH ; 4.46, s, CIlzOH. Mass spec-

trrm n/e 2g7/2gg (M+), 280/282, 268/270, 2r8.

SolvoTysis of the BenzyT Bronide (58) in TrifTuoloacetic Acid.

The benzyl bromide (2.00 8,5.5 nmol) ,as added to a so-

lution of zínc oxide (1.0 B, 12 mmol) in trifluoroacetic acid

(20 ml) and the solution was stirred for 16 h. The trifluoro-

acetic acid was evaporated and the residue was extracted with

dichloromethane (30 m1). The extract was washed wiÈh saturated

sodiun hydrogen carbonate (25 n1) and the solvent ldas evapor-

ated to give N-[2-brono-4-(tritTuoroacetoxynethyT)-phenyT]-

trifTuoroacetanide (60) (2.02 B, 927') which was recrystal-1ised
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fron dichloromethane / light petroleum to give colourless

prisms, m.P.,87-820 (Found: C, 33.8; H, 1.6. CrtH5BrFsN0s re-

quires C, 33.5; H, I.5Z). vr.* 3410, L790, 1750, 1610, 1580'

1530 cm-l. N.m.r. ô 8.23, d, J 8 Hz, ArH; 7.53, d, J 2 Hz,

ArH; 7.28, dd, J 8, 2 Hz, ArHi 5-23, s' 0CH2. Mass spectrum

n/e 3g3/3g5 (M+), 3L4, 28O/282.

TrifTuoroacetoxylation of the ToTuidìde (57).

The toluidide ( 1 .00 g, 3 .5 mmol ) , potassium persulphate

(1.00 B, 3.7 mmol) and'copper(II) carbonate (0.50 8, 4.O nmol)

r^¡ere refluxed in trifluoroacetic acid (20 m1) for 16 h. The

trifluoroacetic acid u¡as evaporated and the residue vas ex-

tracted with dichloromethane ( 30 m1) . The extract vtas I{¡ashed

with water (25 m1), saturated sodium hydrogen carbonate (25

ml) and the solvent r+'as evaporated to give the trifluoro-

acetat,e (60) (1.15 E, 837.) which was identical to that pre-

pared earlier.

HydroTysis of the TrifTuoroacetate (60).

IO'Å Aqueous potassium hydrogen carbonate (10

added to a stirred solution of the trifLuoroacetate

1.3 mnol) in methanol (15 ml). After stirring for 10

reaction nixture was diluted with water (20 ml) and

tracted with dichloromethane to give the aTcohoT (59)

987") which was identical to that prepared earlier.

ml ) ïras

(0.s0 E,

min, the

was ex-

(0.37 g,
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N- [ 4-HydroxynethyT -2- ( 3 -nethylbut- 2-en- 1- yi ) - phenyl ] -tr if Tuoro-

acetanide ( 6Z¡ .

The bromoarnide (59) (0.50 E, I.7 mmol) was dissolved in

dry tetrahydrofuran (25 m1) and r^¡as cooled to -500 under ni-

trogen. Methyllithium ( 3.50 m1, 3.5 mmol) "ts added followed

by tert.-butyllithium (1.80 m1, 3.4 mmol). After stirring for

1 min, tetrakisIiodo(tri-n-butylphosphine)copper(I)] (0.67 g,

I.7 mmol Cu) was added, followed 5 min later by 1-bromo-3-

methylbut-2-ene. After stirring for a further 5 min, 57.

hydrochloric acid (25 m1) h¡as added and the mixture was ex-

tracted with ethyl acetate (3 x 25 ml) to give an oil which

h/as chromatographed on silica ge1. Elution with ethyl ace-

tate / fignt petroleum (50:50) gave tri-n-butylphosphine (O.27

B, 797.) and then the aTlyTbenzenes (61) and (62) (10:90, res-

pectively) as a mixture which u¡as recrystallised from

dichloromethane/ti-gnt petroleum to give pure (62) , m. p. 6I-620

(Found: C, 58.3; H, 5.7. Cr,*HrsF3N0z reQuires C, 58.5; H,

5.67.). v-^-- 3360, 1750, 1600, 1530 cm-r. N.m.r. 6 8.4, br, NH;' max

7.7O, d, J 8 Hz, ArH; 7.I, m, ArH, 2H; 5.08, br t' J 7 Hz,

CH=C; 4.50, s, CHzOH; 3.7, br, 0H; 3.27, br d, J 7 Hz,

ArCH 2C=C; I.73, s, C=C(CHs)2. Mass specErr:m n/e 287 (M+), 2I8.

2-MethyTbut-3-en- 2-y1 Acetate ( 63) .

This

cedu te"ã

compound was prepared accordiog tr.¡ a literaLure

B.p. 750/60 mm (1it2ra b.p. 50Û/55 mm). N.m

pro-

r. ô
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6.00, dd, J 18, 10 Hz,

HC=CfIaHb; 4.95, dd, J 10,

s' C(CH3)2.

CI/=CHaHb; 5.05, dd,

2 Hz, CH=CHaI/b; 1.90'

J 18,

s, OAc;

2 Hz,

1 .48,

2Lb2-l'lethylbut- 3-en-2-y7 4-Ni trobenzoate (64).

2-YIethylbur-3-en-2-o1 (1.00 B, 1i.6 mmol) ,as dissolved

in dry tetrahydrofuran (2O ml) and u/as treated with sodium

hydride ( 280 mg II.7 mmol) under nitrogen. After 5 min, 4-

niÈrobenzoyl chloride (2.I6 E, I I .6 mmol ) ,as added and the

solution r¡/as stirred f Or a f urther 30 min. The mixture was di-

luted with \"/ate r (20 m1) and extracted with dichloromethane (3

x 25 ml) to give the ester (2.29 g, 84"/") which was recrystal-

lised from dichloromethane/ti-gtrt petroleum to give pale yel1ow

crystals, n.p. II4-1150 (1it2rb m.p. 115.5-116.50). N.m.r. ô

8.08, br s, ArH, 4H; 6.15, dd, J 17, 10 Hz, CII=CHaHb; 5'20,

dd, J 17, 2 Hz, CH=Cf/aHb; 5.08, dd, J 10, 2 Hz, CH=CHaHb:'

I.67, s, C(CH3)2.

2-Methyl-2-vinyToxirane ( 66)

This compound !/as prepared according

cedur""t. B.p. 80-820/760 mm (1it2lc

N.m.r. ô 5.7-5.0, m, CH=CHzi 2.73, d, J 5

J 5 Hz, CHaHbO; I.42, s, CHg.

to a liLerature pro-

b..p. 78-B20/760 mm).

Hz, CIlaHbO1 2.63, d,
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MetaTTation and Attenpted ATkyTation of Bronides (59) and (41¡

with ElectrophiTes (63), (64) and (66).

The bromoamide (1.00 mmol) was dissolved in dry tetra-

hydrofuran (15 m1) and was metallated as before at -780. The

electophile (3.00 mmol) was added and the reaction mixture was

stirred f or 10 min. The react j.on mixture v/as quenched with

deuterium oxide and then was diluted with LO7" hydrochloric

acid (20 ml). The mixture was extracted with ethyl acetaLe (3

x 30 ml) to give an oil which was chromatographed on silica

gel using ethyl acetate/tight petroleum (50:50) as solvent.

A. Bromoamide ( 59 ) r{¡as metallated and reacted wi th ( 63) .

Chromatography gave tri-n-butylphosphine (I82 mg) and then the

protonated compound (65) (190 m8, 87Z) which was recrystalli-

sed from dichloromethane / tignt petroleum to give colourless

prisms, m. p. 118-1190 (Found: M+ 2lg.O5O4. CgHeFgNOz reQuires

M+ 2Ig.o5o7). N.m.r. ô 7.83, d, J 8 Hz, ArH, 2H 7.20, d, J I

Hz, ArH, 2H; 4.58, s, CI/20H.

B. Bromoamide (59) was metallated and

Chromat.ography gave tri-n-butylphosphine

protonated compound (65) (176 mB, 807").
J-(M',).

reacted with (64).

(176 mg) and then the

Mass specLrum nfe 2I9

reacted with (66).

(184 mg) and then the

llass spect rum n/ e 2I9

C. Bromoamide (59)

Chromatography gave

protonated compound
a(M').

v¡as metallated and

tri- n-bu tylphosphine

(65) (183 m8, 847").
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D. Bromoamide (41) was metallated and reacted with (66) -

ElutÍon with ethyl acetate/tigtrt petroleum (30:70) gave tri-n-

butylphosphine (166 mg) and then the protonated compound (43)

( 168 mg, 7 67.) as a pale yellow oi1. (Found: M+ 22I.1423.

CrsHrsNO 2 requires M+ 22I.1416). N.m.r. ô 7.63, d, J 8 Hz,

ArH, 2H; 7.37, d, J I Hz, ArH, ZHi 4.18, s, CHzO; 3.I7, s'

CHgi 1.08, s, tBu.

Oxidation of the AlcohoT (59).

The alcohol (0.50- g, I.7 mmol) "as dissolved in acetone

(2O m1) and was titrated with Jones Reagent until an orange

colour persisted. The mixture v/as diluted with watet (2O ml)

and extracted to give 3-brono-4-(trifTuoroacetyTanino)-benzoic

acid (69) which was recrystallised from dichloromethane/1ight

peEroleum to give colourless prisms, m. P. 188-1900 (Found: C,

34.8; H, I.7. CsHsBrFgNOg requires C, 34.6; H, I.67"). ,r"*

(nujo1 mu11) 3300, 3000-2600, 1720, 1680, 1600, 1580, 1530

cm-r. N.m.r. ô (CDsCOCDs) 8.1, m, ArH, 3H. Mass specLrum n/e

311/313 (l,t+), 294/296, 232.

Oxidation of the ATcohol- (62).

The

(20 ml)

Di lution

alcohol

was

(0.50 B, 1.7 mmol) was dj.ssolved ín

stirred with Jones ReagenE (2 m1) for

aceLone

25 min.

ac e tal- e

and

wi th water (20 m1) and extraction r+ith ethyl
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(3 x 20 ml) gave 3-(3-nethyTbut-2-en-1-y1)-4-(trifTuoroacetyl-

anino)-benzoic acid (70) (0.39 g, 747") which was recrysÈa11i-

sed from dichloromethane/tight petroleum to give colourless

needles, m.p. 175-I770 (Found: C, 55.7; H, 4.7. CrqHr,+FsN0g

requires C, 55.8; H, 4.77"). u*.* (nujo1 mu11) 3320, 27OO,

1700, 1610, 1590, 1540 cm-1. N.m.r. ô (CDsCOCDs) 7.92, m, ArH,

2H; 7.58, d, J 8 Hz, ArH; 5.22, br t, J 7 Hz, CH=C; 3.45, br

d, J 7 Hz, ATCH2C=C; I.70, s, C=C(CHg)2. Mass spectrum n/e 301
I(M'), 232.

HydroTysis of the TrifTuoroacetanide (62¡.

The amide (0.50 B, L.7 mmol) tas dissolved in LO7" methan-

olic potassium hydroxide (20 ml) and was heated to reflux for

t h. The solution was diluted with water (20 m1) and extracted

with dichloromethane (3 x 20 m1) to give 4-anino-3-(3-nethyl-

but-2-en- 1-y7 ) -benzyl aTcohoT (7L) (0. 28 B, 847") as a pale

ye11ow oi1. (Found: M+ 191.1307. CrzHrzN0 requires f91.1310).

,*u* (CHC1a) 3630, 3480, 3400, L62O, 1500 cm-1. N.m.r. ô 7.2-

6.7, m, ArH, 2H; 6.37, d, J 8 Hz, ArH1' 5.O7, br t, J 7 Hz,

C=CH; 4.3O, s, CHzOHi 3.07, br d, J 7 Hz, ATCH2C=C; I.67, s,

C=C(CHs ) z. Mass spectrum n/e 191 (M+), L46, 136. The amine

distilled with partial decomposition. B.p. I2Oo /O.Ol mm.
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HydroTysis of the TrifTuoloacetanide (70).

The anide ( 70 mg, 0.23 mmol ) ras ref luxed i.n itO% methan-

olic potassium hydroxide (5 ml) for t h. The isolution l,las

diluted with vrater (5 ml), neutralised and extiracted with

ethyl acetate (3 x 10 m1) to give 4-anino-3-(3-neÇhyTbut-2-en-

1-yl)-benzoic acid (9) (40 mg, 847") as a pale ye:l1ow solid,

m.p. L26-r2go (Found: M* 205'1101' crzHrsNO2 requires

2O5.Ll03). ur.* 3520, 3420, 2640, 1680, 1610 cm-r. N.m'r' ô

(CD3COCD3) 7.7, m' ArH, 2H;6.65, d, J 8 Hz, ArH; 5'28, br t,

J 7 Hz, CH=C; 3.25, br d, J 7 Hz, ATCH2C=C; L'82' s'

C=C(CIIs ) z. Mass spect rum n/e 2O5 (M+), 150.
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Chapter 2

N - ( 2-Br ono phenyT ) - t r ¡ f Tuoro acet ani de2 I .

Trifluoroacetic anhydride ( 6. 50 g, 0. 031 mo1 ) was added

dropwise to a stirred solution of 2-bromoaniline ( 5.00 B,

O.O29 mol) in dichloromethane (50 ml). After stirring for a

f urther 5 min, the solution r¡ras washed with saturated sodium

hydrogen carbonate (3 x 50 ml) and the solvent vtas evaporated

to give a colourless soli d (7 .32 E, 947') Ùhich u¡as recrystal-

lised from light petroleum. M.p. 69-7Oo (1it.28 7O-7Io). uru*

3400, 1750, 1590, 1530 cm-t. N.m.r. ô (CC1,-) 8.33, dd, J 8, 2

Hz, ArH; 7.6-6.9, m, ArH, 3H.

N - [ 2- ( 3 -M e th yTbut - 2- en - 1 - y7 ) - phenyl ] - t r i f 7uo roace t ani de ( 7 5 ) .

N-(2-Bromophenyl)-trifluoroacetamide (1.00 B, 3.73 mnol)

lras dissolved in dry tetrahydrofuran (50 m1) and was cooled to

-500 under nitrogen. Methyllithium (3.80 m1, 3.8 mnol) was

added follor¡ed by tert.-buÈyllithium (4.00 D1, 7.6 mmol).

After stirring for 1 min, tetrakìsIiodo(tri-n-butylphosphine)-

copper(I)] (1.50 8,3.8 mrnol Cu) 'h¡as added, followed 5 min

later by 1-bromo-3-methylbut-2-ene. After stirring for a fur-

ther 5 min, 5Z hydrochloric acid (50 ml) was added and the

mixture r¡/as extracted with ethyl acetate (3 x 25 m1) to give

an oil which was chromatographed on silica gel. Elution wíth
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ethyl acetate/tight petroleum ( 15:85) gave tri-n-butyTphos-

phine (0.71 g, g2Z), the aTTyTbenzene (75) (0.75 g, 782) and

then N-phenyTtrìfTuoroacetanide' (56 mB, 87.). The allylbenzene

was recrystallised from light petroleum to give colourless

prisms, m.P.49-500 (Found: C,60.6; H,5.5. CrgHr+FgN0 re-

quires C, 60.7; H , 5.52). uru* 3360 , 1740, 1610, 1590 cm-r '

N.m.r. 6 7.92, dd, J 8, 2 Hz, ArH; 7.9, br, NH; 7.2, m' ArH,

3H; 5.22, br t , J 7 Hz, C=CH; 3.35, br d, J 7 Hz,' ArCH 2C=C;

1.95, s, C=C(CHg)2. Mass spectrum n/e 257 (M+), 242,188, 160.

2- ( 3-ttethylbut-2-en- 1-y7 )-anilines 3 ( 77 ) .

The amide (75) (0.50 g, 1.95 mmol) ""s dissolved in IO%

methanolic potassium hydroxide (20 m1) and h¡as heated to

reflux for I h. The solution was diluted with hrater (2O ml)

and \.ras extracted with dichloromethane (3 x 20 m1) to give the

a77y7ani7ine (71) (0.28 g, 897") which Ì{¡as microdistilled to

give a colourless oi1, b.p. 1300/10 mm (1it.83 b.p. 130-

I32o /12 mm). u*u* 3460 , 3375, 1620, 1590, 1500 cm-r. N.m.r. ô

7.2-6.4, m, ArH, 4H; 5.15, br t, J 7 Hz, C=CH; 3.5, br, NHzi

3.15, br d, J 7 Hz, ArCH 2C=C; 1.68, s' C=C(CHg)2.

N- t 2- ( 3-l(ethylbut-2-en- I -y7 ) -phenyT I -acetanide (7 8) .

This compound vras prepared

acet,yl chloride, according to

from :hu
a standard

amine (77)

procedure I o .

using

B.p.
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9oo/0.1 mm (Found: M+ 203.1306. CrsHrzNO

v (film) 3400, 1710, 1580, L52O cn-t. N
max

4H; 5..10, br L' J 7 Hz, C=CH; 3.13, br d

requi res 2O3 .1310) .

2, m, ArH,

ArCH 2C=C;

203 (M+),

mr ô 7.

Hz,

n/e

J7

2.23, s, NHAc; I.77, s' C=C(CHg)2. Mass spectrum

2O2, 188, 160.

Ethyl N-t 2-( 3-MethyTbut-2-en-1-y7 )-phenyll -carbanate ( 80)'

Ethyl chloroformate (140 m8, 1.29 mmol) in dichloro-

methane (1 n1) \{as added to a stirred solution of the amine

(77) (200 mB, L.24 mmol) and pyridine (100 m8, I.27 mmol) in

dichloromethane (5 m1) and the solutioñ was stirred for a fur-

ther 1O min. The soluÈion l¡as then washed with 57" hydrochloric

acid (2 x 15 ml) and the solvent was evaporated to give the

carbanate. Recrystallisation from dichloromethane/1ight petro-

leum gave a colourless oil (252 n8, 87%). B.p. gTo/0.08 mm

(Found: M+ i33.I413. Cr,rHrgN0z reguires 233.L416). ur^* (fi1m)

3300, 1700, 1590, L52O cm-r. N.m.r. 6 7.67, dd, J 8, 2 Hz,

ArH; 7 .7 , m, ArH, 3H; 5.02, br t, J 7 Hz, C=CH ; 4.L5, Q, J 7

Hz, OCHz; 3.23, br d, J 7 Hz, ATCHzC=C; 1.73, s, C=C(CH¡)z i

I.25, t, J 7 Hz, oCHz CHs. Mass spectrum n/e 233 (M+) , 218,

160, L44 , 106.
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Attenpted

Carbanate

Anidonercuration of

(ao¡.

Anides (7 0) , (7 5) , (7 8) and

The compound (0. 2o mmol ) and the mercuric salt (0.60

mmol) were refluxed.in tetrahydrofuran (5 ml) for I6 h. Sodium

borohydride (25 ng, 0.68 nmol) in 2.5 M sodium hydroxide (r

m1) l{as added and the mixture was stirred for 1 nin and Lhen

filtered. I.later (5 m1) ltas added to the filtrate, ãcidific-

ation and extraction with ethyl acetate (3 x 10 ml) returned

the starting material (ca. 9O7").

oxynercuration of Anides (70), (75), (78) and Carbanate (80).

The compound (0.20 mmol) and mercuric acetate (0.20 or

0.40 mmol) were stirred in a mixture of lrater (1 ml) and

tetrahydrofuran (4 m1) for 2 h. Sodium borohydride (10 m8,

o.27 mmol or 20 mB, 0.54 mmol) i n 2.5 M sodiun hydroxide

(1 ml) r¡Ias added and the mixture was stirred for I min and

then filtered. hlater (5 m1) h¡as then added to the filtrate,

acidification and extraction with ethyl acetate (3 x 10 m1)

gave the hydroxyanide.

By this procedure the following compounds were prepared:

A. 3-(3-Hydroxy-3-nethylbutyT)-¿-(trifTuoroacetyTanino)-

benzoic acid (74), using two equivalents of mercuric acetate
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ro give a corourless oi1 (46 mg, 7z%). (Found: M+ 319. Io22.

cr zHr 6F3NO,+ requires 319. 1031) . Vr.* ( f i1m) 3600, 3400-2600,

11700, 1610, 1590 cm-r. N.n.r. ô (CD3CoCD3) 7.7, m' ArH, 3H;

2.72, t, J 7 Hz, A.rCH2CHz; I.75, E, J 7 Hz, ATCHzCHz; 1.08, s,

C(CH3)2. Mass spectrum n/e 319 (M+), 301, 232.

B. N-t2-(3-Hydroxy-3-nethyTbutyT)-phenyll-trifTuoroacetanÌde

(76), using tvro equivalents of mercuric acetate to give a

colourless oi1 (47 mB, 852). (Found: M+ 275.IL2g. CrsH15F3N02

requires 275.Ll34). ur"* (film) 3300, 1720, 1590, 1550 cm-I.

N.m.r. 6 7.67, dd, J 8, 2 Hz, ArH; 7.0, m, ArH, 3H; 2-67, t, J

7 Hz, ATCH2CHz; L.73, t, J 7 Hz, ATCHzCHz; L.2O, s' C(CH3)2.

Mass spectrun n/e 275 (M+), 255, 24I, 146.

C. N-t2-(3-Hydroxy-3-nethyTbutyT)-phenyTl-acetanide (79),

using one equivalent of mercuric acetate to give a colourless

oi1 (34 mB, 77%). (Found: M+ 22I.L4Og . Cr ¡Hr gNO 2 requires

22I.I4L6). uru* (fi1n) 3300, 1710, 1590, 1530 cn-r. N.m.r. ô

7.1, m, ArH, 4H; 2.68, t, J 7 Hz, ATCH2CHz; I.73, E, J 7 Hz,

ArCH zCHz; I.22, s, C(CH3)2. Mass specErum nfe 22I (M+), 2O3,

146.

D. EthyT N-[2-(3-Hydroxy-3-nethyTbutyT)-phenyT]-carbanate

(81), using one equivalent of mercuric acetaEe to gíve a

colourless oi1 (41 mB, 827'). (Found: M+ 25I.I5I7 . Cr ¡Hz rNOe

requires 25L.L52L). uru* (fi1m) 3300, 1700, 1590 , I52O cm-r .

N.m.r. ô 7.65, dd, J 8, 2 Hz, ArH; 7.0,'m, ArH, 3H; 4.18, q, J
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7 Hz, OCHz i 2.68, t,

ArCH zCH zS I .27 , br L, J

trum n/e 25L (M+), 233,

J 7 Hz ATCHzCHz i 1.73,

7 Hz, OCHzCH3 and C(CHg)2.

2r8,160.

t, J 7 Hz,

Mass spec-

SiTylatìon of the Anide (75).

The anide (200 ng, 0.78 mmol) tas stirred with N,O-bis-

(trinethylsilyl)-acetamide (190 ü8, 0.94 mnol) in dichloro-

methane (10 m1) for L6 h. The sol-vent was then evaporated and

the residue qras microdistilled to give thê silyTanide (82) as

an unstable colourles's oi1 (190 mg, 747"), b.p. 600/0.1 mm.

v-^-- 1690, 1590, 1630 cr-1. N.m.r. ô 7.1, m, ArH, 4H; 5.22, br
max

t, J 7 Hz, C=CH; 3.25, br d, J 7 Hz, ATCH2C=C; L.75' s'

C=C(CHs)2.

Attenpted Anidomercuration of the Sì7y7anide (82)-

The silylanide (100 ng, 0.30 mnol) tas stirred with mer-

curic acetate ( 100 mg, 0.31 mmol) in dry tetrahydrofuran

(3 ml) for t h. Sodium borohydride (15 mg, 0.41 mmol) in 2.5 M

sodium hydroxide (1 n1) Iras added and the mixture was stirred

f or 1 min and then f iltered. I,IaËer ( 5 nl) was added to the

filtrate and extraction with ethyl acetate (3 x 10 n1) gave

the aníde (75) (60 mB, 787").
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2,2-DinethyT-7,2, 3, 4-tetrahydroquinoTine 3 I ( 84) .

The al1y1ani1ine (77) (170 D8, 1.13 mnol) in acetone (1

ml) was added to a stirred suspension of mercuric acetate

(1.05 Eg, 3.30 mmol) in a mixture of water (1 ml) and acetone

(4 n1). This suspension u¡as stirred for 10 min and then sodÍum

borohydride ( 130 mg, 3.51 mmol ) in 2.5 M sodium hydroxide ( I

m1) v¡as added. After stirring for a further I min, the mixture

\iras filtered and the filtrate was diluted with water (5 ml)

and extracted with dichloromethane to give the tetrahydro-

quinoTine (84) as a colourless oi1 (150 mB, 88%). N.m.r- ô

7.I-6.4, m, ArH, 4H; 2.72, t, J 7 Hz, ArCH2CHzi 1.63, t, J 7

Hz, ATCHzCHz; 1.15, s, C(CH3)2.

The picrate saTt !/as

M.p. 150-1510 (1iL.31 m.p

prepared by a standard procedures 0 
.

L52o).

2,2-DinethyT'1 ,2,3 , 4-tetrahydroquinoTine-6-nethanol ( 86) -

The ally1ani1ine (71) (400 mg, 2.1 mmol) in methanol (2

ml) was added to a stirred suspension of mercuric acetate (2.0

g, 6.3 mmol) in methanol (10 m1). This suspension h¡as stirred

for 1O mÍn and then alkaline workup with sodium borohydride

(0.30 B, 8.1 mmol) as described above gave an oi1 which was

crystallísed from dichloromethane/tigtrt petroleum to give pale

yell-ow crystals (360 mB, gO%). M.p. LO2-1030 (Found: M*

IgL.I276. Cr zHr zN0 requires 191. 1310) . ur.* 3640 , 3420, 1620,
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1500 cm-r. N.m.r. ô (CDeCOCDs) 6.8, m, ArH, 2H; 6.41, d, J 9

Hz, ArH; 4.40, s, CHzOH; 2.7L, t, J 7 Hz, ArCHzCHzi 1.63, t, J

7 Hz, ArCHz CHzt 1.16, s, C(CHg)2. Mass spectrum n/e 191 (M+),

176,160.

The diacetate r¡as prepared by a standard procedures 0

using aceÈy1 chloride,' and was crystallised from dichloro-

methane/Light petroleum. M.p. 65-660 (Found: C, 69-9; H, 7.5-

CrsHzrNOo requires C, 69.8; H, 7.72). ur",. 1735, 1650, 1610,

1580 cr-t. N.m.r. ô (CCl+) 7.L-6.7, m, ArH, 3H; 4.90, s,

CHzOAci 2.55, t, J 7 Hz, ATQHzCHz; 2.00, br s' oAc, NAc; L.67,

t, J 7 Hz, ArCHz CHz; 1.53, s, C(CHs )2. Mass specEtum n/e 275

(M+) , 260, zLB.

Attenpted HaTogena'tion of the Organonelcury Internediate

derived fron (77 ) .

The ally1aniline (77) (50 mg, 0.31 mnol) ras stirred with

mercuric acetate (300 rB, O.94 mmol) in methano]- (2 ml) for 15

min. A solution of the halogen (0.35 mmol) in carbon tetra-

chloride (0.5 m1) l{as added and Èhe resulting soluÈion was

irradiated with a 40 l.I sun lamp f or 10 min. The ¡nixture was

diluted with dichloromethane (10 m1), washed with IO7" sodium

metabisulphite (5 m1) and the solvent r.Ias evaporated to give a

dark intractable oi1 (.". 30 mg).
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Attenpted CycTisatìon of Anine (77) using ChTorine or Bronine

as ETectrophiles.

A solution of the halogen (3.5 mnol) in carbon tetra-

chloride (1 ml) Í¡as added to the ally1aniline (500 mg' 3.11

mmol) in carbon tetrachloride (5 m1). The solution was washed

with IO?L sodium metabisulphite (5 ml) and was evaporated to

give an intractable oi1 (c". 60 mg).

Attenpted CycTisation of Anine (77) using N-ChToroacetanide

or N-Bronosuccininide as ElectrophiTes-

The ally1ani1ine (50 mg, 0.31 mmol) *.s stirred with the

N-haloamide (0.35 mmol) in a mixture of water (1 m1) and

tetrahydrofuran (4 m1) for 16 h. The solution l¡tas exracted

with dichloromethane (2 x 10 nl) and the extract was evapor-

ated to give an intractable oil (ca.70 mg).

3-Iodo-2,2-dinethyT-i ,2,3 , 4-tetrahydroquinoline ( 87 ) .

The allylaniline (77) (240 ng, I.49 mmol), iodine (400

mg, 0.57 mnol) and sodium carbonate (0.5 g) u¡ere stirred in

dichloromethane ( 15 n1) f or 4 h. The mixÈure hlas was,hed with

LO7" sodium thiosulphate (20 ml) and the solvent was evaporated

ro give rhe iodoanine (87) (380 mg, 897.) as a pale yellow oil.

(Found: M+ 287.OL77. Cr rHlrIN requires 287.0173). ur.* (CHC1g)

3400, 1600, 1580 cm-1. tH n.m.r. ô 7.2-6.8, m, ArH, 3H; 6-47,
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dd, J 8, 2 Hz, ArH; 4.38, dd, J 7

Hz, CHzCHI-; 1.35, s' C(CHa)2. r3

116.9, all d, aromatic CH; ;52.7,

d, CHI; 28.8, 27 .2, both q; CHa .

272,159, L44,78.

The iodoamine decomPosed

0.001 mm) .

, 9 Hz, CHI; 3.47, br d, J 7

c n.m.r. ô 137.r, 136.0,

s, C.N; 37.7, E, CHzi 36.3,

Mass specErrm n/e 287 (M+),

on attempted distillation (9Oo /

Reduction of the Iodoanìne (87) with Tti-n-butyTstannane.

The iodoamine (350 mB, 1.22 mmol) and tri-n-butylstannane

(360 mB, 7.24 mmol) were stirred in bênzene (1 ml) at 500 for

I h, whilst being irradiated by a 40 LI sun lamp. The solvent

was evaporated and the residue was chromatographed on silica

ge1. Elurion wirh ethyl aceta:-e/l-ight petroleum (20:80) gave

rhe tet.rahydroquinoline (84) ( 115 m8, 597t), which was identi-

ca1 to the material Prepared earlier.

1, 1-DinethyT-7,7 a-dihydro- IH-azìrino[ 1, 2-a] indole ( 91 ) .

The iodoamine (350 18, I.22 mnol) tas stirred

hydride (30 mB, I.25 mmol) in dry tetrahydrofuran

1.5 h at Oo. SaturaLed sodium carbonate (5 ml) was

the mixture was extracÈed with dichloromethane (2

give the aziridine (91) (187 mB, 96%) as an

(Found: ,t* 159.0987. CrrHr3N requires 159.1048).

wiLh sodium

(10 n1) for

added and

x 20 ml) to

orange oi1.

1 600,
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1580, 1460, 1150 cm-r. 1H n.m.r- ô 7.3-6.7, m' ArH, 4H; 3'4,

¡, ÂrCHzi 2.75, dd, J 3, 7 Hz, CHN; 1'30, O'73, both s'

c(cHa)2. t3c n.n.r. ô 136.2,133.1, r23-0, all d, aromatic

CH; 51.9, d, CHN; 44.7, s, C.N; 30.2, t, CHzi 26'8, 12'7'

both Q, CHs. Mass spectrum n/e 159 (M+).

HydrochTorination of the Azitdine (91).

Dry hydrogen chloride was bubbled through a solution of

the aziridine (2OO m8, L.26 mmol) in di.chloromethane (2 m1)

for 15 min at 00. The solution was washed with saturated

sodium hydrogen carbonate (2 x 10 m1) and was evaporated to

give a mixture of chTorides (90) and (92) (I87 mB, 767') ' B'p'

B5o /0.05 mm (Found: M+ 195.0829. CrrHr,.tsClN requires

195.0815). uru* 3400, 1600, 1580, 1480 cm-r - 1H n'm' r ' 6 7 '2-

6.2, m, ArH, 4H; 4.4, m, CHC1 and CHN; 3.3-3'1, m' ArCH2;

I.22, s, c(cH3)2. 13c n.m.r. ô 137.7, 136.0, r27.7, 116.7, all

d, aromatic CH; 62.7, s, C.Cl; 6I-7, d, CHC1; 53'1, s' C'N;

45.6, d, CHN; 34.8 , 34.2, both t ' CHz i 28.5, 28. I , 27 '3, 23 '3,

all Q, CHs. Mass spectrum n/e 195 (M+), 180, 160, 144'

2- ( 1 - Iodo - 7 -ne th y7 e thy 7 ) - 1 - tr i f 7uo r oacetyT - 2, 3 - dih ydr o- 1H-

indoTe-5-nethanoT (94).

The anide (62) (500mg, 1.74

tetrahydrofuran (50 m1) and r{¡as

nmol) was

cooled to 0

di ssolved

Sodium

in dry

hydr ide
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(42 rB, 1.75 mmol) rr.s added to the stirred solution and after

15 min iodine (0.89 8, 3.5 mnol) tas added and the mixture lÍas

stirred for 16 h at room temperature. IO1^ Sodium thiosulphate

(30 m1) ïras then added and Èhe mixture was extracted with

dichloromethane (2 x 75 nl). The extract was evaporated to

give a colourless solid (570 m8, 797") which nas recrystallised

from dichloromethane/tigtrt petroleum. M.p. 103-1040 (Found: C,

40.8; H, 3.7. ClrHrsF¡INO2 requires C, 40.73 H, 3'72) ' uru*

3400, 1680, 1600, I4gO, I2LO, 1160 ct-r. tH n.m.r. ô 7'3, m'

ArH, 3H; 5.17, dd, J 10, 2 Hz, CHN; 4-68, s' CHzOH; 3'3, m'

ArCHzi 2.O7, 1.53, both s, CHg. r3C n.m.r. ô 126.3, I23-6,

116.9, all d, aromatic CH;71.8, d, CHN;64.6, t, CHz0H;50.9'

s, C.I;35.5, q, CHs;32.2, E, CHzi 19.8, q, CHa. Mass spec-

rrum n/e 4I3 (M+), 186, I44.

Reduction of the Iodoanide (94) with Tri-n-butyTstannane.

The iodoanide (200 mg, 0.48 mmol) and tri-n-butylstannane

(145 mB,0.5O mnol) were stirred in benzene (1 m1) at 500 for

th, whilst being irradiated by a 40 tt sun 1amp. The solvent

Íras evaporated and the residue h¡as chromatographed on silica

ge1. Elurion wiÈh ethyl acetate/tignt petroleum (20:80) gave

2- ( 1 -ne th y7 e th y7 ) - I - tr if 7uo r oacet y7 - 2, 3 - di h ydr o-1H-i ndo 7e- 5 -

nethanoT (95) (gS mB, 68%). B.p. I2Oo/O.O: mm (Found: C, 58.0;

H, 5.7. Cr,.HrsFsNOz requires C, 58.5; H, 5-67"). uru* 3350,

1680, 1610, 1590 cn-r. N.m.r. ô 7.90, dd, J 8, 2 Hz, ArHi 7-2,
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m, ArH, 2H; 4.58, s , CH zOH; 3. I

m, CI/Mez; O.97, d, J 7 Hz, CHoi

specrrum n/e 287 (M+), 244, 2I4.

, D, CHN;

0. 63,, d ,

2.3, m,

J 7 Hz,

ArCHz;1.2,

CH s. Mass

2- ( 1 - I odo - 7 -ne th y7 ethyl ) - I - t r i f Luo r oace t y7 - 2, 3 - di h ydr o- 1H-

indoTe-5-carboxaTdehyde ( 97 ) .

The alcohol (94) (500 mB, L.27 mmol) tas dissolved in

acetone ( 20 ml) and r.ras Èitrated with Jones Reagent until an

orange colour persisted. The mixture lfas diluted with water

(20 ml) and h¡as extracted with ethyl acetate (3 x 20 nl) Èo

give the aTdehyde (467 mB, g4%) as an oi1. (Found: M+

410.9948. Cr+HraFgINOz reQuires 410.9943). uru* 2850, 2750,

1690, 1580 cm-r. N.m.r. ô 9.80, s, CHO; 7.7, m, ArH, 3H; 5.03,

dd, J 7,3 Hz, CHN; 3.4, m, ArCHzi 2.03, s, CHsi 1.55, s, CH¡.

Mass spectrum n/e 411 (u+), 3OO, 284.

The Conversion of Iodoanides (94) and (97) to Aziridines.

The iodoanide (0.50 mmol) *as stirred in LO7" methanolic

potassiun hydroxide (2 m1) at room temperature for 15 min.

hlater ( 5 ml) was added and the mixture h¡as extracted with

dichloromethane (3 x 10 ml) to give the aziridine.

By this procedure the f ollowing compounds ìâ¡ere prepared:
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A. 7,7-DinethyT-7,7a-dihydro-7H-azirino[7,2-a]indoTe-5-

nethanoT (96) (84 ng, Sgi,"). (Found: M+ 189.1159. CzrHrsNO re-

quires 189.1154). ,ru* 3300, 1490, 1450, 1260,1110, 740 cm r-

IH n.m.r. ô 6.9, In, ArH; 4.48, s, CHzOH; 3.I2, br d, ArCHz;

2.75, dd, J 7, 3 Hz, CHN; 1.30, s, CHsi 0.73, s, CHs. rtC

n.n.r. ô I52.3, I4o.2, 137.3, s, aromatic C; 126-3, I23.2,

120.8, all d, aromatic CH; 65.2, E, CHzOH;51.9, d, CHN; 44.5,

s, C.N;30.3, t, CHzi 26.8, q, CHsi 12.9, q, CHg- Mass spec-

rrum n/e 189 (M+), 174, I44.

B. 1,1-Dinethyl-7,7a-dihydro-LH-azirino[1,2-a]indoTe-5-

carboxaTdehyde (98) (7g mB, 84%). (Found: M+ 187.0990.

CrzHrsNO requires 187.0997). uru* 2850, 2750, 1690, 1610,

1580, 1260, 1240, 11OO cm-r. rH n.m.r. 6 (CC1r) 9-75, s, CHO;

7.5, m, ArH, 2H; 7.15, d, J 8 Hz, ArH; 3.3, m' ArCHzi 2-83,

dd, J 7, 3 Hz, CHN; 1.40, s, CHgi 0.84, s, CHs. ItC n.m.r. ô

IgL.2, d, CHo; I3L.2, I24.6, LzL.4, all d, aromatic CH; 53.2,

d, CHN; 40.9, s, C.N; 30.0, t, CHzi 27.O, q, CHsi 13.1, q,

CHg. Mass spectrum nfe 187 (M+), 172, I44.

N- t 4-FornyT-2- ( 3-l,tethyTbut-2-en- 1-y7 ) -phenyT I -trif Tuoroacet-

anide ( 99) .

The alcohoL (62) (1.00 B, 3.48 mmol) ttas dissolved in

acetone (25 m1) and r{as titraÈed wiLh Jones Reagent until an

orange colour persisted. The mixture wàs diluted with water

(20 ml) and extracted with ethyl acetate (3 x 20 ml) to give
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rhe aldehyde (0.91 g, g2Z) as a colourless oi1. B.p. 1200/0.05

nm (Found: M+ 285.0988. ClrHr,+FsNoz requires 285.o977). ur"*

3400,2860,274O;, 1760, 1715, 1600, 1530 ct-t. N.t.t. ô 9.72,

s, CHO; 8.0-7.2, m' ArH, 3H; 5.25, br E' J 7 Hz, C=CH;3.43,

br d, J 7 Hz, ATCHzC=C; L.77, C=C(CHs)2. Mass speci"rum n/e 285

(M+), 146, 69.

4-Anino- 3- ( 3-l'tethyTbut-2-en- I -yl ) -benzaldehyde ( I 0 0 ) .

The anide (99) (0.70 B, 2.46 mmol) ras dissolved in IO7"

methanolic potassium -hydroxide (20 m1) and was heated to

reflux for 45 min. The solution was diluÈed with water (2O m1)

and h¡as extracted with dichloromethane (3 x 20 m1) to give the

a77y7ani7ine (0.41 g, 88%) as a pale ye11ow oi1. B.p. 1100/

O.O5 mm (Found: M+ 189.1157. CrzHrsNO requires 189.1154). ,r.*

3450, 3350, 2820, 2740, 767O, 1620, 1590 .t-t. N-t.r. 6 g-57,

CHO; 7.5-7.O, m, ArH, 2H; 6.52, d, J 8 Hz, ArH; 5.O2, br t' J

7 Hz, C=CH; 3.15, br d, J 7 Hz, ATCHzC=C; L.72, s' C=C(CHa)2.

Mass spec trum n/e 189 (M+), 174, 160, I32.

2, 2-Di nethyT - 3 - i odo - 7, 2, 3, 4- t et r ahydr oquíno 7 ine - 6 - carb ox -

aTdehyde (101).

The allylaniline (100)

mB, 4.33 mmol) and sodium

dichloromethane (15 m1) for

( 410 mB, 2.I7 mmol) , iodine ( 1 . 10

carbonate (0.5 g) were stirred in

4 h. The mixture l{as washed wíÈh
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IO7" sodium thiosulphate (20 m1) and the solvent h¡as evaporated

to give the iodoanìne (500 mB, 737o) as a yellow oi1. (Found:

M+ 315.0115. CrzHr,,INO requires 315.0120). Vrr* 3350, 2820,

2750, 167O, 1600, 1510 cm-1. rH n.m.r. ô 9.67, s' CHO; 7'5, m,

ArH, 2H; 6.52, d, J 8 Hz, ArH; 4-37, dd, J 7, 5 Hz, CHI; 3'5,

m, ArCH2; 1.41, s, C(CH3)2. r3C n.m.r. ô 190.2, d, CHg; L3L'7,

130.3,114.0, all d, aromatic CH; 52.7, s, C.N;37'6, E, CHz;

35.0, d, CHI; 28.8, 28.I, both Q, CHs. Mass spectrum n/e 315

(M+), 1BB, t73.

Reduction of the Iodoanine (101) with Tri-n-butyTstannane.

The iodoamine (200 mB, 0.63 mmol) and tri-n-butylstannane

(185 mB, O.64 mmol) were sÈirred in benzene (1 m1) at 500 for

t h, whilst being irradiated by a 40 I{ sun lamp. The solvent

was evaporated and the residue v/as chromatographed on silica

ge1. EluÈion with ethyl acetate/fight petroleum (30:70) gave

2, 2- d i nethyT - l, 2, 3, 4 - t e t r ahydr oqui no7 ine - 6 - carb o xa7 deh yde ( 1 02 )

(76 mB, 64i¿). B.p. goo/0.03 mm (Found: M+ 189.1155. CrzHrsNO

requires 189.1154). uru* 3350,2740, 167O, 1600, 1510 cm-r'

N.m.r. ô 9.37, s, CHO; 7.3, m, ArH, 2H;6.28, d, J I Hz, ArH;

2.75, E, J 7 Hz, ArCI{zCHz; 1.68, t, J 7 Hz, ATCHzCHz; 1.05, s,

C(CH3)2. Mass spectrum n/e 189 (M+), 174, L43-
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Epoxidation of the AlTylbenzenes (62) and (75)'

The allylbenzene (1.70 mmol) and ø-chloroperbenzoic acid

(0.35 g, 2.0 mmol) were stirred in dichloromethane (25 m1) for

3 h. The solution was washed with IO7" sodium metabisulphite

(2O m1), saturated sodium hydrogen carbonate (2 x 30 m1) and

the solvent was evaporated to give the epoxide '

By this procedure the following epoxides were prepared:

A. N-t 2-(2,3-Epoxy-3-nethyTbutyT)-phenyTl -trifTuoroacetanide

(103) which was recrystallised from dichloromethane / light

petroleum to give colourless prisms (0.43 8,932), m.P.80-810

(Found: C, 57.1; H, 5.3. CrsHrrF3NO2 requires C, 57 'L i H,

5.27"). v_-__ 3270, 1740, 1615, 1590 cm-I. N.m.r. ô (CC14) 7.77,' max

dd, J 8, 2 Hz, ArH 7.O, m, ArH, 3H; 2.8, m' CH2CH; I'72,

L.27, both s, C(CH3)2. Mass spectrum n/e 273 (M+), 118'

B. N-t 2-(2,3-Epoxy-3-nethyTbutyT)-¿-(hydroxynethyT)-phenyTl-

trif Tuoroacetanide ( 104) which \./as recrystallised f rom di-

chloromethane/tight peEroleum to give colourless prisms (0.38

g,747"), m.P.59-600 (Found: C, 55-21' H,5'6' CtnHr6F3N0e rê-

quires C, 55.5; H, 5.37"). vr.* (CHC13) 3600,3250, 1720,1600,

1540 cm-I" N.m.r. ô 7.83, d, J 8 Hz, ArH; 7.4-7.2, m' ArH, 2H;

4.62, s, C¡l2OH; 3.2-2.6, m, CH2CH; L.48, 1.37, both s, C(CH3)2'

Mass spectrum nfe 303 (M+), 245, 232.
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Attenpted CycTisation of Epoxides ( 103) and ( 104) using Boron

TrifTuoride.

The epoxide (o.67 mmol) was dissolved in dry ether (15

m1) and boron trifluoride ethe:rate (0.30 8,2.I nmol) was

added and the solution h¡as stirred for 5 nin. The solution was

washed with water (10 m1) and the solvent h¡as evaporated to

give the dihydroxYanìde.

By this procedure the following compounds h¡ere prepared:

A. N-t2-(2,3-DÌhydroxy-3-methyTbutyl)-phenyTl-tr¡fTuoroacet-

anide (1OB) which Ï/as recrystallised from dichloromethane/

light petroleum to give colourless prisms (165 m8, 9Oi¿), m.P.

113-1140 (Found: C, 53.4; H, 5-4. CrrHrsFrNos requires C,

53.6; H, 5.57"). vr.* 3600, 1735, 1590 cm-1. rH n'm'r' ô

(CD3CoCD3) 7.80, dd, J 8, 2 Hz, ArHi 7.4, m' ArH, 3H; 5'55'

d, J 4 Hz, CHOÍI; 3.85, m' CIíOH; 2.85, d, J 6'5 Hz, CHTCHi

I.57, 1.30, both s, C(CH3)2. r3C n.m.r. ô (CD3C0CD3) 136.0,

133.7, both s, aromaÈic c; I32.I, I28. 1 , I27 -5, L24.6, all d,

aromatic CH; 101.8 , 93.4, both s ' CoH; 80.3 , 79 '1, both d,

CHOHi 34.7,34.4, both t, CHr;23-4,23-2, both Q, CHg; 22'2,

22.0, both e, CH¡. Mass spectrum n/e 273 (M+-H20), 2O3, 134'

B. N-t2-(2,3-Dihydroxy-3-net,hy7buty7)-4-(hydroxynethyT)-

phenyll-tr¡fluoroacetate (109) which rras recrystallised from

dichloromethane/1ight petroleum to give-colourless prisms (168

mg, 837"), D.p. 126-1280 (Found: C, 51.9; H, 5.7. Cr,rHrsF3NO'f
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requires C, 52.3;

1 600, I 540 cm- I .

7 .3 , m, ArH, 2H;

CH zOHl 4.32, t , J

Hz, CH zCH; 7 .57 ,

(cDac0cD3) r4r.7 ,

L26.3, L24.5, all

80.3 , 79.O, both d

CHz; 23.4, 23.1,

spectrum n/e 303

H, 5.7%). ur"* (CHC13) 3600, 3300, 1730,

rH n.m.r. ô (CD3C0CD3) 7.73, d, J I Hz, ArH;

5.50, d, J 4 Hz, CHO¡/; 4.6L, d, J 5.5 Hz,

5.5 Hz, CHz0/l; 3.8, m, C¡/OH; 2.87, d, J 6.5

1.30, both s, C(CH3)2. r3C n.m.r. ô

134.6, 133.5, all s, aromatic C; 130.3,

d, aromatic CH; 101.6, 93.3, both s ' COH;

, CHOH; 64.2, È' CH20H; 34.7, 34.4, both t'

both g, CHg; 22.2,2L.9, both Q, CHe. Mass

(M+-H2o), 288.

Boron TrifTuoride Induced Rearrangenent of the Epoxide (103).

The epoxide (25O mg, O.92 mmol) and boron trifluoride

etherate (0.30 g, 2.L mmol) were stirred in dry ether (15 m1)

for 3 h. The solution was washed with water (10 m1) and the

solvent was evaporated to give N-t2-(3-nethyT-2-oxobutyT)-

phenyll-tr¡fluoroacetanide (110) (L62 m8, 657") which ì^las re-

cysÈa11ised from dichloromethane/1ight petroleum to give

colourless prisms, m. p. 60-620 (Found: C, 57.0; H, 5'0'

CrgHr,f FgN0 z Íêquires C, 57.1; H, 5.2%). ur"* (CHCl3) 3250,

L720, 1700, 1610, 1600, 1540 cm-r. N-m.r. ô 7.77, dd, J 8, 2

Hz, ArH; 7.!, m, ArH, 3H; 3.75, s, ArCH2C0; 2.75, septet, J 7

Hz, CO.CHi L.I7, d, J 7 Hz, C(CH3)2. Mass spectrum n/e 273

(M+), zo2, 176.
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Base Pronoted CycTisation of the Epoxides (103) and (104).

and

The

wi th

The epoxide (0.67 nmol) ras dissolved in methanol (15 n1)

was stirred over poÈassium carbonate (200 mg) for 15 min;

solution was diluted with water (15 ml) and u¡as extracted

dichloromethane (3 x 20 m1) to give the dihydroindoTe.

By this procedure Èhe following conpounds were prepared:

A. 2,3-dihydro-I\-indoTe-2-propan-2-oI (LI2) (I25 mB, 967")

which r{as recrystallised from dichloromethane/1ight petroleum

to give colourless prisms, m.p. 82-840 (Found: M+ 177.1152.

CrrHrsNO requires L77.1154). uru* (CHC1:) 3500, 3400, 1600,

f490 cm-t. N.m.r. 6 6.9, m, ArH, 3H; 6.53, d, J B Hz, ArH;

3.77, t, J 9 Hz, CHzCH; 2.63, d, J 9 Hz, CHzCH; L-23, I.I7,

both s, C(CHa)2. Mass spectrum n/e 177 (M+), 118.

The acetanide rl¡as prepared by a standard procedureB 0

using acetyl chloríde, and was crystallised from dichloro-

methane/Light petroleum. M.p.134-1350 (Found: C,71.0i H,

7.9. CrgHrzNOz requires C, 7L.2; H, 7.87"). uru* (CHCl3) 3350,

1620, 1590 cm-1. rH n.m.r. ö (CD3C0CD3) 7.1, m' ArH, 4H; 4-60,

dd, J 1.5, 9 Hz, CIla.CHbHc; 3.36, dd, J 9, 15 Hz, CHa.CHbHc:'

2.90, dd, J 1.5, 15 Hz, CHa.CHb/lc; 2.36, s' NAc; I.I7, 0.88,

both s, C(CH3) 2. r3C n.m.r. ô (CD3C0CD3) L27.6, L25.2, 124-4;

117.8, all d, aromatic CH; 74.3, s, COH; 69.3, d, CHN; 27.I,

24.5, 24.O all g, CHs. Mass spec:-rt,m n/e 2Ig (M+), I6L, 118.
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B. 5-HydroxynethyT-2,3-dihydro- 1H-i ndoTe-2-propan-2-o7 ( I 13)

(115 mB, 767") which vras isolated as an oi1. vru* (cHcl 3) 3600'

3500, 3380, 1600, L4gO cm-1. rH n.m.r. ô 7.1-6'9, m, ArH, 2H:'

6.60, d, J 8 Hz, ArH; 4.54, s, CH2OH; 3.85, t' J 9 Hz, CHrCH;

2.gg, d, J 9 Hz, CHrCH; L.26, 1.19, both s' C(CH3)2' 13C

n.m.r. 6 126.9,124.2, IO9.2, all d, aromatic CH; 71'0, s,

COH; 68.6, d, CHN; 65.3, t, CH 2OH; 30.8, t ' CH 2; 27 '8, 24 '2,

both Q, CH.. The nass spectrum could not be obtained due to

instability.

The diacetate lras prepared by a standard procedures 0

using aceryl chloride to give a pale ye11ow oil (153 mB, 787").

(Found: M+ 2gI.1475. CrrHrrNO,+ reQuires 291.L47O). V,nux 3400,

1740, L64O, 1610, 74gO cm-r. N.m.r. ô 7.2, m' ArH, 3H; 5'06,

s, C/lrOAc; 4.70, dd, J 1.5, 9 Hz, CHa.CHbHc; 3.39, dd, J 9, 15

Hz, CHa.CIlbHc; 2.80, dd, J 1.5, 15 Hz, CHa.CHbIlc; 2'44, s'

NAc;2.10, s, OAc; I.27,0.88, boLh s' C(CH3)2. Mass spectrum

n/e 2gl (M+), 233, 130.

1 - ( 4-bronobenzo yl ) -2, 3 - dihydr o-1H-i ndo 7e-2- pr opan- 2-o7 ( 1 I 1 ) .

4-Bromobeîzoyl chloride (155 mg,0.71 mmol) in dichloro-

methane (1 m1) was added to a stirred solution of the díhydro-

indole (II2) (130 m8, O.67 mmol) and pyridine (55 m8, 0'70

mmol) in dichloromethane (5 m1) and the solution rÀ¡as stirred

for a further 15 min. The solution ùas then washed with 57"

hydrochloric acid (2 x 15 ml) and the solvent r¡as evaporated
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ro give rhe díhydroindole anide (111) (L44 mB, 942). Recrys-

tallisation from dichloromethane/1ight petroleum gave colour-

less prisns, m.p. L44-145o (Found: C, 59.8; H, 4.9. CreHrsBrNOz

requires c, 60.0; H, 5.O%). ur"* 3500, 1655, L62O, 1510 cm-1-

N.m.r. ô 7.40, d, J 8 Hz, ArtH, 2H; 7.23, d, J 8 Hz, ArrH, 2Hi

7.2-6.9, m, ArH, 3H; 6.L7, br d, J I Hz, ArH; 4.80,.dd, J 1'5,

9 Hz, CHa.CHbHc 3.47, dd, J g, 15 Hz, CHa.CIlbHci 2.83, dd, J

1.5, 15 Hz, CHa.CHbIlc; 1.30, 0.90, both s ' C(CH s) z. Mass spec-

rrum n/e 35g/36t (M+), 344/346, 183/185.
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Chapter 3

1 -Methoxy-2-nethylprop-2-enes 4 (1122) .

2-l4ethylprop-2-en-1-o1 (5.0 g, 69 mmol) waS Stirred with

sodium hydride (1.67 g, 69 mmol) in ether (50 ml). After 5

min, iodomethane (10.0 B, 7O mmol) toas added and the solution

u¡as stirred for 4 h. The mixture was diluted with h'ater (50

ml) and vas extracted with ether (3 x 50 ml) to give the

nethoxyaTkene (4.63 g, 782) as a colourless oil which ldas dis-

rilled, b.p. 680 (lit.s'+ b.p. 66.20). N.m.r. ô 4'73' br s'

C=CHzi 3.65, s, CHzi 3.16, s, OCHg; l'67, s' CHg'

2-(MethoxynethyT) -2-nethyToxirane6s ( 123) .

The alkene (122) (4.00 g, 47 mmol) t"as stirred with 3-

chloroperbenzoic acid (8.5 8, 49 mmol) in dichloromethane (50

ml) for 16 h. The solution vras washed with LO% sodium metabi-

sulphite (25 nl) then with saturated sodium hydrogen carbonate

(2 x 25 n1) and \|¡as fractionally distilled to give the epoxide

(3.88 B, 812), b.p. 113-1150. N.m.r. 6 3'27, s' OCH3' CHzi

2.18, d, J 6 Hz, 0CIlaHb; 2.O7, d, J 6 Hz, OCHaHb; 1'60' s'

CHe.
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Treatnent of Epoxide (123) wìth Lithiun DiisopropyTanide.

n-Buty11Íthium (I.7 m1, 2.O mmol) tas added to a solution

of diisopropylamine (200 ng, 1.98 mmol) in dry tetrahydrofuran

(5 ml) under nitrogen at 00. The epoxide (200 rB, L.96 mmol)

was added to this solution which was stirred continuously for

l0 min. The solurion v/as diluted with 57" hydrochloric acid (5

nl) and Ì{as extracted with ether (2 x 10 m1) and the extract

vras fractionally distilled to return the epoxide (I23) (159

mB, 80%) .

Treatment of Epoxide (123) wìth MethyTTithiun.

The epoxide ( 200 mg, 1 .96 mmol ) tuas di solved in dry

LeÈrahydrofuran (5 m1) under nitrogen at -900. MeÈhyllithium

(1.9 Dl, 1.9 mnol) was added and the solution Ï/as sirred and

was allowed to varm to -350 over 30 min. The solution was di-

luted with 5% hydrochloric acid (5 m1) and was extracÈed vith

ether (2 x 10 m1) and the extract was fractionally distilled

to return the epoxide (I23) (147 ng,747.).

MethyT 2-llethyToxirane-2-carboxyTate ( 125).

This compound Ïras prepared according to a literature pro-

cedure37. B.p. 68-70o/20 nn. N.m.r. ô 3.70, s, OCHs; 3.08, d,

J 6 Hz, OCIIaHb¡ 2.73, d, J 6 Hz, OCHaIIb; 1.55, s' CHg.
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The Treatnent of Epoxide (125) with Lithiun DiísopropyTanide.

n-Butyllithium (1.45 n1, L-7 mmol) 'as added to a solu-

tion of diisopropylamine (I74 m8, 1.72 mmol) in dry tetra-

hydrofuran (5 m1) under nitrogen at 00. The solution was

cooled to -2Oo "nd the epoxide (200 mg, I.72 mmol) t"s added

and the solution was'a11owed to hlarm to room temperature over

30 min. The solution r+as diluted with 5% hydrochloric acid (5

nl) and was extracted with ether (2 x 10 ml). The extract v'as

concentrated to give an orange intractable oi1 (140 mg).

7-Brono-2, 3-dinethyTbut-2-ene ( 126 ) .

This compound was prepared by a literature procedurê38,

b.p. 53-550 /ZO mm (lir.38 b.p. 51-540 /20 mm). uru* (film)

2990, 2gOO, 1650, I44O, 1370, 1200, 11BO cm-r. N'm'r' ô (CClr)

3.87, s , CHzBr ; I.72, br s, 3 x CHs -

Attenpted Lithiation of the A77y7 Bronide ( 126) .

The a11y1 bromide (200 mg, I.23 mmol) "as dissolved in

dry tetrahydrofuran (10 xnl) and r+as cooled to -780 under ni-

trogen. n-Buthyllithium (1.1 m1,1.3 mmol) *as added and then

carbon dioxíde \,ras bubbled through the solution for 5 min.

Addition of 57" hydrochloric acid (10 m1) and extraction with

ethe 1 (2 x 20 m1) gave 2,3,3,5,6-pentaùethyThepta-7,5-dierre3e

(87 ng, 86%) which yras microdísti11ed to give a colourless
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oil. B.p. LOOI/20 mm (1ir3e b.p. 680/2.7 mm). ur"* (fi1m)

1460, L44O, 1370, 1150, 890, 7gO cm-1

C'=CHzi 2.O3, s, C=C .CHzi I . 80 
'

(CHs) 2C=C.CHsi 1.05, s, C(CH¡)2. Mass

4-Brono-3-brononethylbut-2-enoic Acid ( 1 33)

. N.m.r. ô 4.84, br s'

s, C=C.CHsi 1.63, sr

spectrum n/e 166 (M+),

83.

This compound

N.m.r. ô 5.98, s,

was prepared by

C=CH:' 4.65, 4.15,

a literature

both s, both

procedure4 3.

CHzBr.

4-BrononethyTfuran-2(5H)-one¡+2 I 43 ( 134) .

The dibromoacid ( 133) ( 10.0 g, 39 mmol) was dissolved in

ether (100 ml) and was rapidly stirred with saturated sodium

hydrogen carbonate (100 m1) for 20 min. Evaporation of the

solvent from the organic phase gave the btonolactone as a pale

yellow oil (5.83 B, 85%), b.p. 124-1260/O.t nm (1it.42 b.p.

L2oo /o.t mn). ur.* (f i1m) 2gro, 1780, 1750 , 1640 cm-1. N.m.r.

ô 6.03, s, C=CH ; 4.87 , s ' CHz0; 4.20, s ' CHzBr.

Attenpted l'leta77aÈìon of the BronoTactone ( 134).

The bromolactone (0.25

tetrahydrofuran (10 ml) and

n-BuÈyllithium ( 1.20 n1, 1.4

E, 1.41 mnol) *as dissolved in drY

r.ras cooled to -780 under nitrogen.

mrool ) ras ad ded and then, af ter
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stirrin g for 2 min, tetrakisIiodo(tri-n-butylphosphine)copper

(I)] (0.60 E, 1.53 nnol Cu). After stirring for a further 2

min, the rrinerhylallyl bromide (126) (300 mg, 1.84 mmol) was

added and stirring was continued for another 20 nin. Addition

of 5% hydrochl-oric acid (10 m1) and extraction with ethyl ace-

tate (3 x 20 ml) gave a dark intractable oi1 (0'76 e)'

(E)- and (z)-4-Bromo-3-nethyTbut-2-enoic Acids)a ( 135) and

( 136) .

3,3-Dinethylacrylic acid (5.00 8, 50 mmol) and N-bromo-

succinimide (10.7 8, 60 mmol) were refluxed in carbon tetra-

chloride (100 ml) for t h whilst being irradiated by a 40 I1I

sun 1amp. The mixture ïtas f iltered and the f i1Èrate I¡/as eva-

porared ro give a mixrure of (135) and (136) (6.90 8, 77%) as

an oil. N.n.r. ô 5.92, s, C=CH, (E) i 5-73, s' C=CH, (Z); 4'47,

s, CHzBr, (Z); 3.92, s, CHzBr, (E); 2.25, s' CHa, (E); 2'08'

s, CHs, G). Integration showed (E)z(Z), ca. 60:40'

The mixture of bromoacids

ved in ether (100 ml) and was

sodium hydrogen carbonate (100

solvent from the organic Phase

E, 837 from the (Z)-bromoacid)

1750, L64O cn-I. N.m.r. ô 5.82

s, CHs.

(6.90 B, 38.5 mmol) *ts dissol-

rapidly stirred with saturated

nl) for 20 min. Renoval of the

gave Lhe Tactone)2 ( 137) ( 1.25

as an oi1. ,ru* (film) 1780,

, s, C=CH ; 4.73, s ' CHz0 i 2.13 
'
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(3 x

which

( lit. '* ''

880 cm-r

CHs.

The aqueous phase ri¡as acidified and extracted with ether

50 ml) to give Lhe (E)-bronoacid (3.23 g, 78i¿ recovery)

was recrystallised from light petroleum' M'p' 74-750

m.p. 73-740). ur"* 3400-2600, 1690, 1640, L42O, l25O'

. N.m.r. 6 5.92, s' C=CH 3'92, s' CHzBr; 2'25' s'

(E)-4-Methoxy-3-nethyTbut-2-enoic Acidaz ( 132)'

A solution of sodium methoxide (fron sodium 0.39 8, 17

mmol) in methanol (15 m1) lras added to a stirred solution of

rhe (E)-bromoacid (135) (1.50 8, 8.4 mmol) in methanol (2O m1)

and stirring was continued f or t h. I'rlater (50 m1) was added,

and Ehe solution ï¡as acidified and extracted with ether (3 x

10 ml) to give the (E)-nethoxyacid (0.84 g,777") which u¡as re-

crystallised from dichloronethane/fignt petroleum. M.p . 78-790 '

v 3400-2600, 16g0, 1640 , I42O, 1240, 1110, g2o cm-1. N.m. r.
max

ô 5.87, s, C=CH 3.87, s' CIIzOMe; 3'32, s, OCHa; 2'O7' s' CHs'

The Attenpted y-AlkyTation of Êhe Methoxyacid ( 132).

n-Butyllithium (1.30 m1, 1.6 mnol) *as added to a stirred

solution of diisopropylamine (0.160 E, 1'6 mmol) in dry tetra-

hydrofuran (5 ml) under nitrogen at -780. The solution was

warned to 0o and the methoxyacid (100 D8, O.77 mmol) in dry

tetrahydrofuran (1 m1) was added and stirring was continued
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for 30 nin. The solution was then cooled to -780, cüprous

iodide (0.30 B, L.57 mmol) "as added and the suspension was

srirred for a further I h. The trimethylallyl bromide (L26)

(0.25 g, 1.53 mmol) ras added and the solution was stirred for

t h at -500. rc7. Hydrochloric acid (10 ml) vtas then added and

the mixture h¡as extracted with ether (3 x 20 m1) to give a

dark intractable oil (0.16 g).

Attenpted Acìd HydroTysis of Lactone ( 137 ) .

The lactone ( 300 tog, 3.06 mmol ) *as ref luxed in 2'14 su1-

phuric acid (10 m1) for 2 h. The solution h¡as cooled, diluted

with ï¡ater (20 nl) and r{as extracted with dichloromethane (3 x

25 ml) to return the Tactone (137) (282 m8, 947')'

Lithiun ï-Hydroxy-3-nethyTbut-2-enoate ( 139)'

red

(10

vacuo

powd e r

N. n. r.

The lactone (137) (1.00 8, 10 mnol)

solution of lithium hydroxide (0.48

mI). After stirring for 10 min, the

to give the Tithiun carboxYlate

(1.20 B, 987"), m.p. 107o (dec.).

ô (D20) 5.73, br s' C=CH;4.32, s'

was added to a stir-

B, 20 mmol) in \.tater

water was removed in

salt as a pale yellow

v 1560. 1380 cm-r.
max

C¡120H; 1.88, s, CHg.

764



Attenpted ^t-ATkyTation of the Lithiun carboxyTate (139).

n-Butyllithiun (2.80 m1, 3.4 mnol) t"s added to a stirred

solution of the lithium carboxylate (200 mB, I.64 mmol) in dry

Eetrahydrofuran (5 m1) under nitrogen at -780. After stirring

for 1o min, cuprous iodide (0.90 E, 4.72 mmol) ras added and

stirring \.ras continued for a further I h at -780. The tri-

merhyla11y1 bromide (126) (0.53 B, 3.25 mmol) "as added and

then after I h, IO7" hydrochloric acid (10 ml) h¡as added and

the mixture rdas extracted wíth ether (3 x 20 ml) to give an

intractable oi1 (0.37 e).

4- (PhenyTsuTphonyTnethyT ) -furan-2(5H)-one ( 1 40) .

This compound was prepared by a literature procedures r.

M.p. I22-I230 (1it.sr m.p. I25o). N.m.r. 6 7.4-7-9, m' ArH,

5H; 5.87, br s, C=CHl 4.9O, br s, CH20; 4.20, s, CHzS0z'

ATkyTation of the SuTphone ( 140).

A. The sulphone (350 mg, L.47 mmol) ras dissolved in dry

N,N-dimethylformamide (15 m1) and r./as sEirred with sodium

hydride (35 nB, 1.46 mmol) f or 15 ¡nin at 00. The trimethyl-

a11y1 bromide (126) (24O mB, I.47 mmol-) "as then added and the

mixture was stirred for a further 2 h. 57" Hydrochloric acid

(10 ml) was added, and the mixture was extracted with ethyl
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acetate (3 x 30 nl) to give an oi1 which was chromatographed

on silica ge1. Elution with ethyl acetate/tight petroleum

(30:70)gave3-t2,3_dinethyTbut-2-en-1-y7]'-4-[3,4-dinethyT-7-
(phenylsuTphonyT)-pent-3-en-1-y7l-furan-2(5H)-one (L42) (51 t9,

g7"). Recrystallisation from dichloromethane / light petroleum

gave a colourless solid, m.p. L42-1440 (Found: M+ 402-I874-

CzgHso0,*S requires 402.1865). ur.* 1755, 1650, 1580, l460 cm-1'

N.m.r. ô 7.5, m' ArH, 5H; 5.15, d, J 18 Hz, C/laHbOi 4'75' d'

J 18 Hz, CHaIIbO; 4.32, dd, J g, 4 Hz, HC'SOzi 2'7, m' 2 x CHzl

1.5, br s, 6 x CHs. Mass spectr.,m nfe 4O2 (M+), 260, 245, 227'

Further elution gave 4-t 3 ' 4-dinethyT-1-(phenyTsuTphonyT)-

pent-3-en-1-y7l -f uran-2(5H)-one ( 141) ( 136 o8, 29iL) which \'Ias

recrystallised from dichloromethane/light petroleum. M.p. 100-

1O1o (Found: C, 63.3; H, 6-2- CrzHzoO+S requires C, 63'7; H'

6.3Ð. v---- (CHCl3) 1780 , 1750, 1630, 1590, 1360, 1140 cm-r '' nax

N.m.r. 6 7.62, m' ArH, 5H; 5-92, s, C=CH; 4'63, s, CHzO; 4'18'

t, J 8 Hz, HC.SOzi 2-82, d, J 8 Hz, C=C 'CHzi L'62, br s' 3 x

CHe. Mass specErum nfe 179, 178, 147, 119, lI7'

B. The sulphone (4.00 B, 16.8 mmol) *as dissolved in a mix-

ture of dry tetrahydrofuran (150 m1) and N,N-dimethylformamide

(50 ml) and vras srirred with sodium hydride (400 m8, 16.7

mmol) for 10 min at room temperature. This mixture was then

added dropwise to à stirred solution of the trimethylallyl

bromide (726) ( 5.70 E, 35.0 mmol) ltt tetrahydrof uran (50 m1)

over I h. 57" Hydrochloric acid (50 ml) was added and the mix-
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ture h¡as

suTphone

extracted with ethyl acetate (3 x 100 m1) to give the

(141) (3.074 8,577").

Reduction of the SuTPhone (141).

The sulphone (340 mg, 1.06 mmol) a.td sodium dihydrogen

phosphate (0.51 g, 4.25 mmol) were dissolved in methanol (15

m1) and the solution was stirred with 57" sodium amalgam (1.95

E, 4.24 mmol Na) at -2Oo for t h. Saturated ammonium chloride

(10 m1) was added and the mixture rdas extracted with dichloro-

methane (3 x 15 m1) t'o give an oi1 which v/as chromatographed

on silica ge1. Elution with ethyl acetate/1ight petroleum

(30:70) gave (3, 4-dinethyTpent-3-en-1-y7)-furan-2(5[)-one (128)

as a colourless oi1 (180 mg, 947") which \'/as microdistilled,

b.p. g5o/o.O4 rnm. (Found: M+ 180.1155. CrrHrsOz requires

180.1150). uru* (film) 1780,1750, 167O, L64O cm-1. N.m.r.

6 5.77, s' C=CH 4.70, s, CHzO; 2.38, br s' CHzCHz; 1'63' br

s, 3 x CHs. Mass spectrum n/e 180 (M+), 165, 83, 55, 4L'

Attenpted Acid HydroTysis of Lactone ( 128) '

The lactone (200 mB, 2.04 mmol) was refluxed in 214 su1-

phuric acid (10 m1) for I h. The solution was cooled, diluted

with water (2O ml) and was extracted with dichloromethane (3 x

20 ml) to return the Tactone (128) (115- mg, 58%)'
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Attenpted Base Hydrolysis of Lactone (128).

The lactone (200 mg, 2.O4 mmol) *as added to a sti'rred

solution of lithiu¡n hydroxide (49 mg, 2.O4 mmol) in aqueous

methanol (1:1) (3 m1). After stirring for 5 min, the solvent

was removed from the brown solution to give a black intract-

able solid ( 250 mg)-.

This reaction

as solvent, and an

was also carried out using

intractable solid was again

d i me thoxy ethane

obtained.

Attenpted cTeavage or Lactone ( 125) with Lithiun Iodide.

m8t

for

fi ed

return

The lactone (110 mg,0.61 mmol) and lithium iodide

1.84 mmol) were refluxed in N,N-dimethylformamide

24 h. The solution r{¡as diluted with water ( 5 ml ) ,

and was extracted with dichloromethane (3 x 10

the 7acÈone (128) (97 ng, 882).

(246

(3 m1)

acidi-

m1) to

Attenpted CTeavage of Lactone ( 128) with TrinethyliodosiTane.

The lacrone (110 mg, 0.61 mmol), sodium iodide (300 mB,

2.O mmol) rnd trimerhylchlorosilane (220 m8, 2.O mmol) were

refluxed in acetonitrile (2 m1) under nitrogen fot 3 days. The

solution l{as cooled , f i ltered and evaporated to return the

Tactone ( 128) (64 mB, 587.) .
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Attenpted CTeavage of Lactone (128) with Lithiun ThioTates'

A. Lithium hydride (60 mB, 7.5 mmol) tas added to thiophenol

(820 rB, 7.5 mmol) in N,N-dimethylformamide (2o m1) and Ehe

solution rras stirred for 1O min. The lactone (67O mB, 3.7

mmol) was then added and the solution was stirred for 16 h.

The solution was diluted with water (20 ml), acidified and was

exÈracted with dichloromethane (3 x 25 m1). The extract was

evaporated and the residue I{¡as chromatographed on silica ge1'

Elution with ethyl acetate/1ight petroleun (30:70) gave thio-

phenol (750 mg) then the Tactone (128) (560 m8, 847")'

B. The above reaction r¡¡as repeated with the

1.1 mmol) .nd lithium thioethoxide (2.2 mmol)

formamide (5 m1) at room temperature for 16 h

returned the Tactone (167 mg, 847") .

lactone ( 200 m8,

in N, N-dimethYl-

l^Iorkup as above

Bronination (E)-Methoxyacid ( 132) with N-Bronosuccininide'

The methoxyacíd (300 mg, 2.3I mmol) and N-bromosuccin-

imide (410 mg, 2.30 mmol) were refluxed for 30 min in carbon

tetrachloride ( 3o rn1) whilst being irradiated with a 40 l'J sun

1amp. The mixture h¡as filtered and the fi1Èrate hlas evaporated

ro give rhe bronoacid (145) (350 mg, 727") as a yellow oi1.

(Found: M+-C0rH L62.976I. CsHaT sBrO requires I62.9759). ur.*

(film) 3400-2600, 1720, 1640, 1430 , 1260, 1110 cm-r. N.m.r. ô

5.83, q, J 2 Hz, C=CH; 5.57, s' MeOCilBr; 3.33, s, OCHg; 2'O7'

s, CHs . Mass spec trum nf e L78/ I8O, L63/ L65 -
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MethyT (E) -4-Brono-2-butenoate.

This compound vras prepared by a 1Íterature procedures 6 .

B.p. 89-90o/zo nm (lit.86 b.p. 83-85o/tz mm). N.m.r. ô 7.08,

dÈ, Jd 15, Jt 6 Hz, C=CH.CHzi 6.13, br d, J 15 Hz, HC=C; 4'08,

br d, J 6 Hz, CH2Br; 3.50, s, COzCHg.

( E) -4-Hydroxy-2-butenoic Acid.

M. p.

7.08,

This compound rlas prepared by a literature

104-1060 (lit.87 m.p. 107-1080). N.m.r.

dt, Jd L6, Jt 4 Hz, C=CH .CHzi 6.07, br d, J

m, Cf/20H.

procedures 7 
.

ô (cDgcocDe)

16 Hz, HC=C;

4.37,

MethyT (E) -4-Hydroxy-2-butenoate -

( E) -4-Hydroxy-2-butenoic acid ( 2. 00 B , 19 .6 mmol ) .t d 4-

toluenesulphonic acid (100 mg) ì,Iere refluxed in methanol (100

ml) for t h. The solution hras diluted with water (60 ml) and

vras extracted with dichloromeLhane (3 x 75 m1). The extract

r{¡as washed with saturated sodium hydrogen carbonate ( 50 m1)

and was evaporated to give the nethyT ester (1.87 g, 827").

B.p. L23-L250 /20 nm (Iir.88 b.p. 1180/15 mm). ur"* (film)

3450, 2950, 7720, 1660, 1430 cm-r. N.m.r. ô 6.92, dt, Jd 15,

Jt 4 Hz, C=CHCH21 5.97, dt, Jd 15, Jt 2 Hz, HC=C; 4'27, m'

CHzOH;3.70, s' C0zCHs.
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Methyl-

( 150).

( E ) - 4- ( 2, 2- d i nethyl- e thyT ) di ne thyT s i 7 y7 oxy- 2-but enoate

Methyl (E)-4-hydroxy-2-butenoate (1.00 8, 8.6 mmol) was

added to a stirred solution of tert.-butyldimethylsilyl chlor-

ide ( 1 .30 B, 8.6 mmol ) and 4-dimethylaminopyridine ( 1 .05 I ,

8.6 mmol) in a mixture of triethylamine (10 m1) and dichloro-

methane (2O m1) and stirring was continued for 16 h. The mix-

ture h¡as diluted with water (25 nl) and was extracted with

dichloromethane (3 x 30 m1). The extract \¡/as washed with 57"

hydrochloric acid (2 x 40 ml) then with water (30 ml) and was

evaporated to give the si7y7 ether (I,76 g, 897") which was

distilled, b.p. 7Oo/0.2 mm. (Found: M+ n0.1336. CrrHzzOgSi

requires M+ 230.1338). ur"* 7720, 1660, L47o, L460, 1430 cm-r.

N.m.r. ô 6.77, dt, Jd 15, Jt 4 Hz, C=CH.CHzi 5.83, dt, Jd 15,

Jt 2 Hz, HC=C; 4.2O, m, CHzOSi; 3.58, s, COzCHg; 0.87, s, tBu;

0.05, s, Si(CH3)2. Mass spectrum n/e 23O

173, 99.

(t"t+), 22o, rgg, 187,

Attenpted Epoxidation of EsËer (150) with 3-ChToroperbenzoic

Acid.

The ester (0.50 8,2.L7 mmol) r+as stirred with 3-chloro-

perbenzoic acid (0.45 g, 2.6I mmol) ltt dichloronethane (25 m1)

at reflux for 20 h. The solution \{as washed with LO7" sodium

metabisulphite (10 m1), then with saÈurated sodium hydrogen

carbonate (Z x 20 m1) and was evaporated to return the ester

(150) (0.43 8,867").
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Attenpted Epoxidation of Ester (150) with Basic Hydrogen Per-

oxide.

The ester (25O mg, 1.09 mmol), 3Oi¿ aqueous hydrogen per*

oxide (0.5ml) and 57" aqueouspotassiuncarbonate (0.5nl)

hrere stirred in methanol (2O ml) for 16 h. The solution was

diluted with v¡ater (20 m1) and vras extracted with dichloro-

meLhane (3 x 25 n1). The extract was v¡ashed with LO7" sodium

metabisulphite (20 m1) and \.Ias evaporated to return the ester

( 150 ) ( 216 nB , 867") .

Attenpted Epoxidation of Ester ( I 50) with tert . -Butylhydro-

peroxide.

The ester (250 mg, 1.09 mmol) was stirred with freshly

purified tert.-butylhydroperoxide (200 m8, 2.22 mmol) and 357"

methanolic benzyltrimethylammoniun hydroxide (O.25 m1) in ben-

zene (10 ml) for 16 h. The solution was washed with IO7" sodium

metabisulphite (10 ml), then with water (10 nI) and v/as eva-

porated to return the esÈer (150) (197 o8, 797")-

Attenpted Epoxidation of MethyT (E)-4-Hydroxy-2-butenoate with

tert . -But ylhydr ope r oxide .

The ester (250 mg,

(5 rB, 0.018 mmol) and

oxide (200 mB, 2.2 mmol)

2.L6 mmol) , vanadyl acetylacetonaÈe

freshly purifièd tert.-butylhydroper-

Ì{ere stirred in benzene ( 10 m1) f or 4
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days. The

porated to

solution v¡as washed with water (10 ml) and was eva-

return the ester (173 ß8, 697").

Attenpted Epoxidation of Ester (150) via the Bronohydrin.

The ester (250 mB, 1.09 mmol) was stirred with N_bromo-

succinimide (195 mB, 1.10 mmol) in a mixture of water (2 ml)

and tetrahydrofuran (8 mI) for 16 h. The mixture r¡¡as diluted

with carbon tetrachloride (30 m1) and was dried, filtered and

evaporated to return the esÈer (150) (224 m8, 9O7')'

1, 1-Diethoxy-2-benzyToxyethane ( 152) .

Benzyl alcohol (5.00 E, 46.3 mmol) *as dissolved in dry

tetrahydrofuran (150 n1) and l/as stirred with sodium hydride

( l.1l g, 46.3 mmol) at 00. After 5 min, 1,1-diethoxy-2-

bromoethane (9.10 B, 46.3 mmol) *as added and the solution was

stirred at room temperature for 1.5 h. The solution hras dilu-

ted with water (100 m1) and Ï/as extracted with dichloromethane

(3 x 75 ml) to give a colourless oil (7'88 8, 767') ' ur.*

(fi1m) 2960, 2860, L4gO, 1450, 1050 cm-1. N.m'r' ô 7'18, s'

ArH, 5H; 4.57, t, J 6 Hz, CHCHz; 4.53, s, ArCH2; 3'58, 3'54'

both Q, J 7 Hz, boLh OCH2CHgi 3.28, d, J 6 Hz, CHCHz; 1'18' t'

J 7 Hz, OCHzCHs. Mass spectrun n/e 9I-
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Attenpted HydroTysis of AcetaT (152)-

A. The aceta I (250 mg, 1. 12 mnol ) t"as stirred, f or 16 h, in

a mixrure of ethanol (10 ml) and IO% sulphuric acid (5 m1).

Addition of water (10 n1) and exLraction with dichloromethane

(3 x 20 ml) returned the acetaT (I52) (223 mB, 892)-

B. The acetal

a mixture of

hlorkup as above

(250 mB, I .12 mmol ) t"as stirred, f or 16 h, in

ethanol (5 ml) and IO7" sulphuric acid (15 nl).

gave benzyT aTcohoT (IOZ mB, 847") .

C. The acetal (250 mÈ, I.I2 nmol) *as sLirred, for 16 h, in

a mixture of methanol (5 m1) and lo7" sulphuric acid (5 m1).

l,Iorkup as above gave a mixture ( 160 mg) of benzyl aTcohoT

(607.), dierhyl acetal- (I52) (15%) and the dinethyT acetaT

(257"). (The composition of this mixture is based on the nmr

integration.) N.m.r. ö 7.22, br, ArH, 5H; 4.55, br, ArCH2,

CHCH2;3.58,3.54, both Q, J 7 Hz, both OCH2CHsi 3.32, s,OCHg;

3.28, d, J 6 Hz, CHCHz; 1.18, t, J 7 Hz, OCHzCHs-

2-M etho x yac e t a7 deh yde .

This compound lras

cedureT o. B. p. 89-9oo

2720, L72O, 1350, l24O

3.95, d, J 2 Hz, CHz;

prepared according to a literature pro-

(1ir.8e b.p. 92.3o). ur"* (filn) 2850,

cm-l. N.m.r. 6 9.72, t' J 2 Hz, CH=O;

3.36, s,OCH3.

L74



Attenpted Darzen's Condensation of 2-MethoxyacetaTdehyde with

l{ethyT ChToroacetate.

Ethanolic sodium ethoxide Iprepared from sodium (0.49 g,

2I.3 mmol) and ethanol (10 m1) ] was added dropwise, over th,

to a stirred mixture of methyl chloroacetate (2.35 g, 2I.7

mmol) and 2-methoxyacetaldehyde (1.00 E, 13.5 mmol) at -2O0.

The mixture \{as then warmed to 500 and stirring was conLinued

for 3 h. Addition of water (50 ml) followed by extraction with

dichloromethane (3 x 75 m1) gave a dark intractable mixture'

The reaction v/as i.epeated using ether (30 m1) as a cosol-

vent and again an intractable mixture ÌIas obtained.

EthyT 2,3-Dinethyl-6-oxooctanoate ( 154) .

Ethyl acetoacetate ( 1.16 g, 10 mmol) ,as added dropwise

to a suspension of sodiun hydride (O.27 g,11 mmol) in tetra-

hydrofuran (25 ml) under nitrogen at 00. After stirring for 10

min, n-butyllithium (6.2 m1, 10 mmol) *as added and the solu-

tion vras stirred for an additional 10 min. 4-Bromo-2,3-di-

methylbut-2-ene ( 1 .80 B, 1 I mmol) in tetrahydrofuran (2 m1)

was added and the reaction mixture v¡as warmed s1owly to room

temperature over 15 min. A mixture of concentrated hydro-

chloric acid (2 ml), vrater (5 ml) and ether (15 ml) t"s added

and the reaction mixture was extracted with dichloromethane (3

x 25 fnl) ro give an oil (2.36 g, 837") which utas distilled,

175



b.p. 600/0.15

2I2.1412). ur"*

J 7 Hz, 0CH2;

x CH3 ; I .28, E,

r94, 83.

mm. (Found: M+ 2I2.1396. CrzHzo0s

2gOO, 1740, 1710, L62O cm-r. N.m'r'

3'.43, s, CO.CH z.CO; 2.46, m, CHzCHz;

J 7 Hz, OCHzCHs. Mass speci-rlum nfe

requires

6 4.20,

r .64,

2r2

.l-
M'

9,

s, 3

f(M'),

Ethyl 2, 3-DinethyT-6-nethoxy-6-octenoate ( 156)'

The keroester (154) (7OO hB, 3.30 mmol) "as sti.rred with

diazonethaneso (10 mmol) in ether (10 m1) for 16 h' The solu-

tion r^¡as evaporated to give the nethyT enoT ether ( 709 m8,

g5T") . (Found: M+ 226.L564. Cr aH zzOs requires M+ 226.1569) '

v (fitm) 2950, 1710, 1630, 1460, 1370 cm-r' N'm'r' ô 4'85'
max

s, C=CH; 4.03, Q, J 7 Hz, OCH2; 3'80, s, OCH3l, 2'2O' s'

CHzCHzi L.67 , s, 3 x CHg i L.23, E, J 7 Hz, OCH zCHs '

Treatnent of EnoT Ether (156) with MethyTTithiun.

The enol ether (100 mg, o.44 mmol) t.s dissolved in dry

tetrahydrofuran (10 n1) and was cooled to -700 under nitrogen'

Methyllithium (0.44 m1, O.44 mmol) l¡as added to the solution

which was a1lowed, to warm to room temperature over 1.5 h' The

reaction mixture rdas poured into LO% sulphuric acid (2O m1)

and \{as extracted with dichloromethane (3 x 25 m1) to give the

ke:oester (154) (72 ng, 777")-
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Treatnent of EnoT Ether (156) with Lithiun DinethyTcuprate.

A. Methyllithium (0.88 m1, 0.88 mmol) tas added to a stirred

suspension of copper(I) iodide (84 mg, 0.44 mmol) in dry

teLrahydrofuran ( 10 m1) under nitrogen at 00. This solution

was stirred for 5 min and was then cooled to -700. The enol

ether (100 mB, O.44 mmol) ras added and the solution was al-

lowed to warm to room Lemperature over 1.5 h. The reaction

mixture r{¡as poured into LOZ sulphuric acid (2O ml) and was ex-

tracted with dichloromethane (3 x 25 m1) to return the enoT

ether ( 156) (7 9 mg , 797").

B The

forued

ke t oes ter

above reaction was rePeated

2 h at room temPerature.

(154) (76 ts,8I7").

and sÈirring I^ras

l,lorkup as above

contin-

gave the

Me t h o x yne thy 7 7 i t h i un .

O.72 M Methoxymethyllithium in dimethoxymethane was pre-

pared according to a literature procedureTf.

Treatnent of EnoT Ether (156) with MethoxynethylTithiun.

The enol ether (100 mB, 0.44 mmol) nas dissolved in dry

dimethoxymethane (10 m1) and u¡as cooled to -7O0 under nitro-

gen. Merhoxymerhyllirhium (0.63 m1, O.!4 nmol) r+as added to

the solution which was allowed to Ï/arm to room temperature
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over 1.5 h. The

acid (2O m1)

ml) to give the

reaction mixture was poured into I07" sulphuric

and rdas extracted with dichloromethane (3 x 25

ketoester (154) (69 mg, 7l+7").

Attenpted Fornation of Lithiun Bis(me thoxynethyT)cuprate and

Reaction with EnoT Ether (156)-

Methoxymethyllithium (L.25 m1, 0.88 mmol) was added to a

sÈirred suspension of copper(I) iodide (84 oB, O.44 mmol) in

dry dimethoxymethane (10 m1) under nitrogen at 00. This solu-

tion was sÈirred fo'r 5 min and then the enol ether (100 mg,

O.44 mmol) "as added and stirring was continued for a further

t h at. room temperature. The reaction mixture was poured into

IO7'' sulphuric acid (20 ml) and h¡as extracted with dichloro-

methane (3 x 25 ml) to return the enol ether (78 mB, 847").

( þIethoxynethyi ) suTphonyTbenz ene .

This compound htas prepared according to a

procedureso. M.p. 68-690 (1it.75 m.p. 69-70o). N

7.3, m, ArH, 5H; 4.40, s, CHz; 3.57, s, OCHe.

literature

m.r. ô 7.8-
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Treatnent of EnoT Ether (156) wìth Methoxy(phenylsuTphonyT)-

nethyT Tithiun .

(Methoxymethyl)sulphonyl-benzene (82 m8, O'44 mmol) was

dissolved in dry tetrahydrofuran (10 ml) and r'Ias cooled Èo

-700 under nirrogen. n-BuÈyllithium (o.29 m1 , O.44 m1) Ïtas

added and the solution v/as stirred for 5 min. The enol ether

(100 mg, 0.44 mmol) was then added and the solution was warmed

to room temperature and stirred for 2 days. The solution v¡as

poured into IOZ sulphuric acid (2O m1) and was extracted with

dichloromethane (3 x 25 ml) to give an oi1 which was chromato-

graphed on silica ge1. Elution with ethyl acetaEe / light

petroleum (30:70) gave the enoT ether (68 m8, 682) followed by

Èhe suTphone ( 66 mB, 807") .

[ ( M eth o x yne thyT ) th io ] ben z ene .

This

cedure77.

OCHa.

c ompou nd

N.m.r. ô

was prepared according to a

7 .4-7 .O , m, ArH, 5H ; 4.80,

literature pro-

s, CHzi 3.30, s,

Treatnent of Enol Ether ( 1 56) with Methoxy( phenyTthio) -

nethyTTithìur? L 
.

[ (Methoxymethyl)thio]benzene (68 m9, O.44 mmol) and TMEDA

(51 mB, 0.44 mmol) were dissolved in dry tetrahydrofuran (10
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'I

m1) and the solution was cooled to -780 under nitrogen. sec.-

Butyllithium (0.25,ml, O.44 ml) was added and the solution was

stirred for 2 h. The enol ether (100 mg, 0.44 mmol) *"s then

added and the solution was allowed to warm to room temperature

over 1.5 h. The solutíon ldas poured into IOZ sulphuric acid

(20 ml) and was extracÈed with dichloromethane (3 x 25 ml) to

give an oi1 which r.tas chromatographed on silica ge1. Elution

with ethyl acetate/11ght petroleum (30:70) gave the thíoether

(60 mg, 882) followed by the keto ester (154) (77 ng, 837')'
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