f/ 27607
’ NATIONAL LIBRARY BIBLIOTHEQUE NATIONALE

/ , OTTAWA : OTTAWA
. ' . CAMNMADA

s . S |
NAME OF AUTHOR. ... .. T oo ﬁ/// £

‘w
14

TJTLE OF THESIS......./ 276 /370046 LTINS

. : . } .
Permission is hereby granted to THE NATIONAL LIBRARY
’ ' . .

OF CANADA to microfilm this thesis and to lend or sell copies
.

of the film.
The author reserves other publication rights, and
neither the thesis nor extensive extracts from’ it may be

* . printed or otherwise reproduced without the author's

written permission.
!

4
N (Signed) ..., . = 7 . 0. L0000 L.

- . ha .

PERMANENT KBDRESS:

............

L4

E e T

n'AT.ED.... a4 LY 19 7€

NL-91 (1C-68)
/



RMATION TO USLRS

THIS UTSSLRTATJON HA§ BEEN
WIERQF;LMEU EXACTLY AS RECEIVED

>

Thr .t opy wae produced froh,a micro-
‘1T copy of the original document.
e quality, of “the Copy “sa ’eavﬂy
fependént upon fe quality of the.
thesis submitted .for

S gingl
® ’O(']

ming.

Every effort has

©on o made to ensure the highests
irlitv of reproductton possible.

'LE\" N

.

OTE: Some pages may have
2 tinet print.  Filmed as
'w(nxvod.

tanadian Theses Division
‘tatalogquing Branch
“Wational Library of Canada

_Ottawa,

N

Canada

Vae!
‘ KIA  ON4 ('

AVIS AUX USAGLRS

LA THESE A ETE MICROF ILMEL
TELLE QUE NOUS I 'AVONS RECUE.

Cette copie a 6té faite a.partir
d'une microfiche du document
original. La qualité de la copie
dépend grandement de la qualité
de la thése soumise pour le
microfimage. NOus avons touts
fait pour assurer une -qualité
supérieure. de reproduction.

NOTA BENE: La qualité d'impression
de certaines pages peut laisser 3.
désirer. Microfilmée telle que
nous 1'avons regue.

Division des tndses .canadiennes.
Direction du catalogage

Biblrotheque nationale du Canada
Ottawa, Canada ., KIA ON4



THE UNIVERSITY OF ALBERTA

» .

- THE. TOTAL SYNTHESIS OF METHYMYCIN
. . -

A}

by

. .
. . @_ « GORDON STEVEN BATES

. . A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH

IN FARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF"
DOCTOR OF PHILOSOPHY

DEPARTMENT OF CHEMISTRY

EDMONTON, ALBERTA -

SPRING, 1976



THE UNIVERSITY OF.ALBERTA o

FACULTY OF GRADUATE STUBIES AND RESEABéH

ot

—~

The undersigned ;ert‘ify that they have read,
and cvecommend to the Faculty of Graduate Studies
and Reséarch'fqr acééptance; a thesis entitled

.
-
-~

" THE TOTAL SYNTHESIS QF METHYMYCIN"

)

submitted by GORDON STEVEN BATES in partial fulfilment

-

of the requirements for the degree of DOCTOR OF PHILOSOPHY'

o l . -63 - - . o - e o s 0 .; ‘.
. ‘ . l(ex rnal examlner)

Date ....Maxgh .22 1976 .



TO FRANCES, MY WIFE, LOVER,

FRIEND, AND FELLOW CHEMIST



ABSTRACT

-~ . /

Organic chemists//in the past have explored the
area of natural prodlct chemistry so extensively that
general approaches for syntheses of most of the important
groups of compounds; including steroids, terpenes and
alkaloids, are available. ‘In the field of antibiotics,
total syﬁtheses of penigillins ana cephalosporins;
and tetracyclins wer( already gompleted, and” the only —=-
remaining hajor family of antibiotics which presented a
challenge to synthetic orqenés\ghemggfgfwas Epe macrolidesz
These compounds consist of a medium or large lactone
containing a complex array of ketonic and hydroxy functions
along with glycosidically;bound deoxy sugars.

This thesis\describes the total synthesis of
methymycin }g, the sméllest macrolige and the first
member of this family of antibiotics to be successfully
synthesized. Our Approach to this synthesisvwas based
on a conformational analysis of the‘system, and involved

the cyclization of the ag?rdpriately substituted

aliphatic'hydroxy thiol ester 139. This lactone precursor
was prepared by condensing two fragments; one segment
’ ~

containing the Cl through C_“Ycentres ofrthe lactone,

-

7

and the other consisting of the remaining db through C13
portion. A successfuld efficient synthesis of the former
fragment, QEE racemic form of the Djerassi-PgeMg,

lactonic acid 6, has been accomplished starting with

A

D
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bicyclo[4.2.1)lmnona-2,4,6-triefe~69, a pyrolysis peoduct

of the [ 2  + n2g} dimers of norbornadiene. This laftonic
. . »

acid is a degradation product of the macrolide antibiotics

methymycin, ﬁegmethymycin, pikromysin and narbomycin,
4 ]

_and'contains(gll of the Stereochemical features present
. . . / .

in the C,-C, portion of 12. The other fragment of the

1.77

lactone precursog, epoxy aldehyde (+)-103, was’ synthesized

by conventional methods. An efficient cyclization of

139 té give théfmethymyciﬁ‘aglycone, methynolide, with

the aid of a mercury(II) lt, -a reagent developed

specifically for this purpope, followed by removal of a

hydroxy—proEecting silyl eher, gave gratifying yields
‘ / : =

f .

/ A .

glycosylation of the synthetic

of meth&ndlide‘}ﬂ. .

. The difficuit taské o
méthynolide was,gphieved' Y reacting the -aglycone with
lf&éb;omo-Z;aCetoxydesosamine.hydrqbroﬁiéb 154, followed '
by hydrolysis of the 2'-acetoxy group ta\give a 5:1 ;
mikturé of éethymycin (é—glycoside) and gﬁi—methymycin
(a—glycoside) in a 25% yield based on metp;nolide., T\ /
%hese gynthetic antibiotics showed 100% and 20%

»

microbiological activity, respectively, against

Steptococcus ‘pyrogenes group A, type 5.

_Sz? Duaﬂng the synthesis of methymycin, it became

necessary to convert an alcohol (or halide) into the -
‘ ) _ ) . N
corresponding hydrocarbon. ‘A hydride-containing cupra;} ’

reagent, developed for this purpose, was found to rqédify'
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fed&ce ‘halides and sulphonate esters cleanly and in
high yields. We also required a reagent capable of
iptroéucing a tﬁiol ester function in §L531e511ve
manner, and found that primary, secondary and tertiary

-
> —— \

reaction of phe'cotrespguding thallium(I) thiold}e i /

’
thiol esters could be formed in excellent yields( by
.

with a carboxfﬂic phosphoric anhydride (or carboxylic

.acid chloridé). . 1

2 . 3 | /

hat ~
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PART I: THE MACROLIDE ANTIBIOTICS‘
=

CHAPTER 1: INTRODUCTION . S

L\ . . ' \Jﬁ‘
A) STRUCTURE o)
. . N

»
.
Soil microorganisms have been recognized as
. ‘e

_ " P ‘
sources of novel chemical entities for mahy detade.

- v

. ' ‘ - . c
Many of these substances have the property of-fhhxb1ting

the growth of badteria and/or fungi, and are/ﬁhown-as

-
.

| A
antibiotics.
‘ \

-

In 1950 Brockmann 'and Henkel2_regortéd the
isolation of.a biologically actiwve, bgshc compound fraom

an unidentified: Streptomyces orqanlsm obtalned from a

-

soil sample. This new substance was named plkromyc1n

L «

on account of its bitter taste. The general chemz@%l

“a
“a

behaviour of this new compound lndlcated that 1t'wasf
different from any class of antibiotics known at.that 3,

time. By 1956 Streptomyces had vielded other compounds

te.g. methymycin, erythromycin) whose chemical bghaviour
indicated that they were closely related to pikroﬁycih.
WOodward3 proposed the family name "macrolide"”
for these antibaotics Since it had been established »
that carbomycin (magnamycin),3 methymycin,4 pikromycin
and erythromycin6 contained a lactone.incorporated
a meéium— or\laxge—rinq system.

Because a large number of lactonié natural

products have since been obtained Woodward's original

definition has been modified pnd i9 now used in a more

o | 1, | N



\. ) | . ‘ . e - 2. .
. restricted sense. The group of substances bearing a
ciose resemblﬁncé to:pikromyéin, wgich ha§e a large -
7 - lactone coPtaining various ketonic and'hydro¥y functions
along-wiﬁh lecosidical}y-hound deoxf sugaré,'afe.refer}ed'
‘to as nonpoLyéne macrolides, ar more simply‘just macrolides..
Reference is made to several macrolides in this thes{s:
Their structurés are fepresé:Zéé colléctively iﬁ;Figure i.,
The deoxy sdgérs found iﬁ tha maqrolidés Qere the first
distinguishing chemical fieature of this clasé of compounds.
These sugars, with éhe exception of oléaﬁdrésg;7'heye . >
. not been isolated from other clas » of natural products,
and'the_presehce of one oé ﬁhese sugars is often tﬁe

first indication that a newly isolated antibiotic is ‘g;
a member of the macrolide family. Definitive structures
for some of these sugars are shown in Fiéure 2.

A second group of compounds presumably }hqlpded
in Woodward's priginal definition.have extended conjugated

£

double bond sygtems in additioén to the features of the
‘macrolides and are termed pol?éne macrolides. _AllAdt;er
remaining compounds (e.g. nonactin, prenophorin,
.vermiculin) are referred to as pseudomacrolides. These
compounds do not generally contain sugar moieties. An

example of each of these latter two classes of cohpound

is given in Figure 1.



//// u Figure 1l: The Macrolide Lactones

e - B .
(Nonpolyene) Macroi {9 [ A )

- N
Methymycin OH H . . Pikromycin  OH
Neomethymycin H . OH - Narbomycin H,
J ’ . ‘
S -
O-DESOSAMINE
CH3 ' -
O~OLEANDROSE
| CH3 |
Erythromycin A cladinose OH © .
Erythromycin B cladinose H . Oleandonycin
Eryt}{romycin C " mycarose OH

R
|
: , MYCAROSE
Leucomycins . e
O-MYCAMINOSE
R R' . ‘
A - H. isovalgryl |
A§ acetyl isoval/éryl , QCH:! *
A4 ) acetyl n-butyryl °
AS " H n-butyryl
Al acetyl propionyl X
A7 H propionyl
AS _ .acetyl acetyl
Ag H acetyl



Figqure 1 (continued)
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Figure 1 (continued)
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Figure 2: The Macrolide Sug

D~SUGARS
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Figure 2 Y{continued)
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Even with this restricted classification there

. .
are a great many representati“gs of the macr®lide family.
J
These are often a number of closely related oompounda»

within a 31ngle group, and thus the complete list is much
A\
-
longer than indicated in Table 1. For, instance, there

. - 3 . .
are nine known leucomycins qu three spiramycins.

As antibiotics, all macrolides possess antibacterijal

*
activity. Some of the macrolides, including oleandomycin

and triécetoxyoleandomycin, erythromycin, leucomygin,
spiramycin and acetoxysp1ramyc1n complexes are used
clinically and also as supplements in animal feeds. 8

Tylosin is used in pxeservatlon of food and also as a

supplement in an1ma1 feedlng
¥

For the, antibiotic activity of the macrolides,
.both the,aglyconeﬁYthe macrolide with the sugars removed)

and sugar moieties are needed. Although the sugars

<

are not activg,themSelwés, differences in the sugar
moieties llnked to the same aglycone cause imvortant

dlfferences in the ptopertles and act1v1ty of the’ macrollde.

' Thls aspect is elaborated upon later in the section

dealing W1th blologlcal act1v1ty. Because of the

-

importance of the sugars; the macgolidé'antibiotics

can be classified accotding to their sugar components into

.~

R : N
The polyene macrolides have. little. antibacterial“

‘activity and are mainly antifundal agents,



. W,
Table 1: Macrolide Antibiotics

. o . . Structurall
Name - References Defined’
———— '-—'—ﬁ—.-_‘_—‘_f—

DTS

Acumycin . - 9
Aldgamycin C & E 10 .
Amaromycin : 11 -
Anglolamycin (Shinc¢omycin A) 12 ‘
Azalomycin B 13 ’
Bandamycin A .- °
Bandamycin B (Chalcomycin) 14 1964
C3rbomycins (Magnamycins) 3,15 1957, revised.1965
Cirramycin A & B 16 1969
Erythromycins 6,17 1957, revised 1962
Forocidins TR :
Josamycin (Leucomycin A) 19 1970
Kujimycins .20 1969
Lankamycin 21 1964, revised 1970
Leucomycins (Kitasamycins) 19,22 : 1967
Macrocin 23
Maridomycin - 24 1973
Megacidin I 25
Megalomycins d 26 1969
Hethyjycin 4,27 1956
) .

Miamyc& » . 28 |
Narbomycin . 2 1962 .
Neomethymycin . . 30 1958
Neospiramycins » 18
Neutramycin 31 1969
Niddamycin 32 " ' 1962
Oleandomycin (Matromycin) 33 1960 ]
Pikromycin 2,34 1957, revised 1968
Platonomycin . 35
Proactinomycins 36
Relomycin 37
Rosamycin . 38

. Sekazin 39
Spiramycihs B 15f,20a,20d, 40 1964, revised 1969
. Tertimycins .154, 41
Tylosin ’ 42 1970
B-58941 - o 43 1970
SF-837 o 44 ) 1971

YL-704 . 45 1971
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different groups with common characterist;zs. For
instance, the Methymycln Eroup contains methymycin,
deoxymothymyc1n, neomcthymyCLn, narbomycin, pikromycin
and the forocidins, These macrolides all have an amino
sugar linked to the Aglycone. The macrolides of the

Lankamycin Group (chalcomycin, neutramyc

¥n, lankamycin

and kajimycin A) on the other hand all céhtain two

non=nitrogenous sugars linked to the agi

The structural elucidation of the Macrolide

antibiotics has proved to be é,d;ffirulﬁ;" mical

problem. The aglycone moiety ofu-nizg  1' cs is
unstable under ordinary experimJ_I cohdmilﬁ;.. Mild
basic conditions may cause decgmposition of the aglycone

through eliimination and/or reverse aldol reactions.

Under acidic conditions complex alterations of the lactone
skeleton may also occur. %y order to study the macrolides

under simpler conditions, k e sugar,.residues(s)

must be removed. In some QaSGS\%f is possible
|

(e.g. methymycin) to rcmové %ﬁgzettachod sugar (desosamlne)_

while leaving’ the aglycone intact Howeéver, 1in the.case

s -

: »
of erythromycin A, even the milde$t conditions needed

to remove the desosamine result in extensive deqradation

of the fourteen-membered lactone ring,17q This problem

with erythromycin has onl? receﬁtIy been overcome by
preparing a more stable derivative before hydrolysing

.the sugarg.46



The organic chemist ts faced with aﬁothor problem
onc¢e the free aglycone has been obtaincd. Because of
the numerous multiple branchings on the lactone rxng,
theze are many asymmetric centres. For xnstancq‘
crythromycin A, 85% of the aglycone ring carbdns are
chiral. To obtain frégments of the lactone ring in such.
a way that there is no chance for epimeri%afion of the
asymmetric carbons contained in the ragments is a
demanding task. Purthermore, to ident¥Yfy rxgorouqlx

the One ocorrect stere01somer from'the myriad of possible

< A

choices in-a typical maarolide id¢ so chemically difficult

that the chemist has had to resort t¢ X-ray analysis
for the -full structural elucidation of several macrolides,

éxcépt in the cases of methymycin and the erythromycins.

X-Ray analysis was used to détermine or confirm the-

structures of erythromycin A,47 erythromycin A.Carbonate,‘z8
and a leucomycin deri&ative,49’50 démicarosylisoleucomycrn“

Aj. In addition, J“'S—anhydropikronolidé has also been
studied by this technique.s1 The crystal Stfucturé of
.a polyene macrol%de, amphotericin B, has also been
carried out.52 : ‘ o
The, conflguLatlons of othor macrolides have been
'propogod on the’ basis of chem1caI and Spectroscoplc
evidence. The methods used include: (1) the correlatién
of degradation products with substénces'of known

absolute gteréoéhemistry, (2)"optical rotary dispersion),



la.

(3) molecular rotation differences and (4) Wuclear magnetic

resonance (nmr) speétroacopy. This latter technique has

been especially useful for two reasons which will be

'

elaborated upon- later. Firstly, the aglycones of
=

several macroljdes have a single conformation in solution

and thus nmr correlations can be drawn. Sécondly,

o

the vici 1 coupling constantsg are either small (1-3,Hz)
or large (¥-11 Hz). As a result, conclusions may often"
be confidently reached ‘redarding the_ relative stereochemistry

of vicinal substituents.

. . ) —
. By using X-ray analysis and correlations obtained
i - 4

using the mmethods above, reliab@n total absolute

configurations have been dssigned for methymycin,

oleandomycin, pikromycin, spiramycin and the carbomycins,
erythromxcins an8 leucomycins. Iméortant information
concerning the aglycones of chalcomycin,.lankamycin,

narbomyéin and neomethymycin is al;so;ava'ilable.8
»
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B) BIQLQGICAL ACTIVITY

* As antibiotics, the macrolides possess anti-

bacterial activity.s3 .They are active mainly against

Gram-pqQsitive bacteria a in general have a much fedqced

activity against Gram egative organisms} as shown in

Table 2. -

.,

Table 2: 1In vitro Inhibitary Concentrations

of Differént Macrolide Antibiotics (ug/ml)

|
Organism: 3 -Carbo~ ‘Spira- Methy- Lanka-
mycin mycin mycin mycin

§£;m-positive bacteria:

Bacillus subtilis 0.36 730

.3 4 -
Staphylococcus aureus 0.22 1 40 100
"Streptococcus pyogenes 0.08 0.6 10.5 1006
Streptococcus faecalis 1.3 1 1875 >100
Gram-negative bacteria: ’
Escherichia coli 100 31 . 1875 . 100
Aegobacter aerogenes 100 31 1875 -
Klebsiella pneumoniae 3 33 3.2 100
Pgeudomonas aeruginosa 60 >1500 1875 >100

The macrolides have very reduced or ne activity
& eucaryotic cells and thu§ are of low toxicity and
are almost completely lacking in side effects. The
mode of action of macrolide antibiotics is primarily
bactegiostatic through inhibition of bacterial protein
synthesis at the ribosomal level. Little or no 1nh1b1t10n
' I

of bacterial ribonucleic acid (RNA) or &;oxyrlbonuclelc

acid (DNA) synthesis has been observed. However, at ?



‘

concenttrations higher than the minimum 1nhib1tory loevel
dcfinite bacteriocidal behaviour is observed.

In order to comprehend the bacteriostatic nature
LY

of these(antibiotics, it is necessary to have a basic
understanding of the mechanism of protein synthesis at

the cellular leveél. Thia topic is coveréﬁ in depth in
many biology textbooks.54 However, a brief summary

’ .
appears to be appropriatg and is presented on the

following pages. o
. -~
Proteins are formed in the ribosomes of the cell,

These ribogomes are bodies in the cytoplasm made up
- v . »
of a special type of RNA and“a number of protein chains.

. \

In addition, ribosomes consist of a large and a small

v

subunit, the larger of which contains two sites which

L 4

are very importén; in the synthesis of protein molecules.

The aEtual formation of a protein molecule involves

o«

. interaction of a ribosome with transfer RNA (t-RNA)

and heSSenger RNA (m-RNA) .

To initigte the protein- synthesis, a section of
‘chlear DNA, the material carrying.éﬁe-genetic code,
unravels. A moiecule of RNA then forms along one of
the two strands of the DNA. The nucleotides of this
new molecule are arranged such that they are the base
compliments of those in the strand of DNA being copied.
This new molecule is the m-RNA and is a template containing
the order for the linkage of the amino acids in the protein

about to be synthesized. The m-RNA then leaves the
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nucleué and enters the cytoplasm where it attaches itself
to the smaller subunit of the ribosome.

. Transfer RNA' consists of a loop of RNA which
can bind reversablf to a specific’amino acid with one
section of the looé. A group of nucleosides.known
as the anticodon iﬁ anothe;(section of the t~RNA is )
able to hydrogen bcnd to a flxed section of the m-RNA,
knoﬁh as the codon, much like a key fits a lock. ThlS
binding site is determlned by the base sequence of the
nucleosides of the codon and anticodonf as well as by the
geometry of the t-RNA and m-RNA at the junction.

A molecule of t-RNA picks up its amiho acid in
the cytoplssm and énters Site I of the larger suBunit
of the ribosome wﬁere the linking up of the condon and
anticondon occurs. Then a second molecule of t;RNA,
possibly bearing a different amino acid, 'is attached
to the m-RNA at Site II of the ribosome. A peptide
bond is then énzymatically formed Between the two
amino acids of the adjacent t-—-RNA groups, and the t-RNA
in Site I is released back into the cytoplasm. Thisi
Sequence leaves a t-RNA molecule with an attached
peptidevjoined to the m-RNA in the ribosome. This
entire complex then moves owver into Site I leaving
Site II free and ready for the initiation of another
cycle of bonding and polymerization. Thus, by this
stepw1se process a proteln is formed. This process is
111uq§}ated in Figure 3.

‘ .
Q
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‘Figure 3:° Protein Synthesis
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All macrolides are believed to'inhibip protein

L]

synthésis as a cohsequence of their interaction with

. 4
the larger ribosome subunit. There is a controversy

concerning the reaction(s) which might be afflected by

the macrolide antibiqtics. Most of the ex 'rimentél'

. *
- evidence suggests that carbomycin and spiramycin type

antib%otiCS'biocg the'peptide.bond formation and possibly
even prevent initial Attachmént of the t-RNA to the
riboséme. | . ‘

. : Antibiotics of the enyth?omycin group were not
found to be inhibitors of initiai peptide bond formation
in mbst experiments. However,-they aépear to inhibit
further peptide bond formation once a peptidyl.hoigty
~of a cértaip length has bee§ attained. It has alsa,
beén suggested that erythromyéin might act to stop the
complicated step of translocation of the complex from
Site I to Site II in the ribosome. . |

In order.tp resolve this aéparent difference in
the modes of action of vérious macrolides, -it has beenl
suggested that there might  be a‘common binding site in

the ribosome for the aglycone moiety of the macrolide

« .
The grouping of macrolides according to the sugar

mojiety linked to the aglycone ring was mentioned _ ) '

earlier. .
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ang}biotic, which jis not the centre where peptide
format&oh occurs. The different sugars present in the
m&cfolides ﬁhén modify the modes of action of the- indi-
dividal antibtotics. . . h
‘In support of this hypotheéis are the results
obtained wﬁth spirémycin IIT and its derived antibiotics

neospiramycin III agd forocidin III which have the

same aglycone but lack.oné and two of its sugars,

respectively.

- ) CH3 O .
RA ) Rl

Spiramyein III ‘ Mycarose Forosamine

Neospiramycin III : H. Forosamine .

‘Forocidin I11I- _ _H ‘ ) H

- A ‘ . . o
Although hhving the same agl?cone as‘spiramyciﬁ‘IIIﬁ

neospiramycin III and farocidin III behave in their

mode of acéion similar}‘i&o other éntipiotics of the -

Erythromycin and Methymycin Groups, respectiveiy.;'

Incorporation of proline, lysine and phenylalanine
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into the protein is strongly inhibitbd by Ehe spiramycin.
On the othér hand, neospiramycin III and foroé{ain”III
‘are only. moderate 1nh1b1tors of proline and lysine |
;1ncorporatlon and have little or no effect on phenylalanlee
" incorporation. Spiramycin III has also been found to
:Sloek the donor and accebtor sides of the peptidyl
transferase centre in certain systems, whereas the
neospiramycin and fdrocidin have either no i@hibitory
effect.or“actually stimu}ate'binding to some.extentl
It is therefore probable that neospiramycin IIT ané "
forocfaln III bind at the same site in the ribosome as
SpltaMYCLH IIT and that it is only the extra sugar

residues of the sp1ramyc1n which 1nterferes with substrate

blndlng at the pept1dy1 transferase site. .’

-



C) BJOGENESIS OF -MACROLIDES.

The question of hpw'macrolide antié‘itics are
synthesizeq at the'microbioldqicél level has received
" considerable attention. T@ete‘are three areas of
congideratfqn: (1) the series of steps leading to the
formation of the lactone ring, (2) the origin of the
group of unusggl deoxy and amino sugars and‘(3) the - , ;~
? sequence of éombination‘of these portions. _ These problems.

will be djscussed in order in tﬁg following section.

‘Biogenesis of Macrolide Lactones
Tn i907 J. N. Collie suggegted that the head-to-tail
_combinationiof-asetaté'units';o form a poly-B8-keto
acid (e.q. 1) follqwed by subéequent cyélization and
‘ ehydraﬁion could be a biosynthetic pathway for_thé'
-__4/Zormatipn of aromatic natural producféiss During the
1940's and early 19SQ's radioisotopic labelling studies

A Y

" " ‘-——-. o
81/7H3COOH _ CH4 (CH,), ,COOH

1 2

20.
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of an acetate ‘(the Propionttd?gule).

21.

-
¢

,‘%owed .that acetate resxdues are’ the primary building

Bi}pcks of not only aromatic compounds (e.g. eleutherinol 2)
bu} also of fatty acids, such as-palmitic acid. By .
aﬁiiogy withACollie's hypothesis, K. Gerzon56 and

R. Robinson57 suégested that similar compounds which
appear to contain an extra methyl group mi"t be formed

by the 1ncorporation of a propionate unit in the place

It was not until the ‘latter half of the 1960's

that Collie s Polyacetate Rule was modified to give

the fatty ac1d synthetic scheme>® 'shéwn in Figure 4.
The chain'lengthening reaction is repeated

with condensation of moreomalonyl—coenzyme A groups

.

until the final release from the enzyme surface at about

. 4

a 31xteen carbon atom compound. Occasionally, a single
branched methyl ‘group will be rntroguced along the
sequence to give rise to acids sugh as l4—methylpa1m1t1c

acid. These isolated methyl groups have been shown .

to arise, not from substitution of a propionate unit

for an -acetate group, but instead fram incorporation

- . ~ -

of methionine.

The length of the carbon chain' of. most macrolide

lactOnes falls in the range of the more abundant fatty

A -

acids. For example, palmitic acid contains sixteen
carbon atoms,’ and erythromyc1n has a fifteen ~carbon

atom chain. However, ‘the lactone rings differ from the
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Figure 4: Fatty Acid Biosynthesis = .
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.by dehydration' of a poly-f-keto acid chaln

23

common- fatty acidg in two respects; they contain multxple
branching . and they are highly "’ oxygﬁrated along the chaln.59
One hypothesis for the blosyd\pe51s of macrolldes
was based on ghe similarity 1H!cha1n lepqth with fatty
ac1d; and thélr ability to occasio 1ncorporate
methyl groups along’ the chéin as in 14—methylpalm1t1c
acid..ﬁBirch et 5&,60 suggested that the ba51c carbon
skeletop of the lactone is derived from acetate unité.

The methyl groups, origindting with methionine, choline,

Oor an equivalent one-carbon donor, are then ingerted

at the-active methylene positions along the chain.

This theory was postulated: before the fatty acid blosynthe51§
was modified as outlined above, and yas compatxble w1th’
the belief of the time that the fatty acids were derived

With the eluc1dat10n of the carbon skeleton of
erythromycin (see Figure 1) by Wiley and coworker5,17a’C"g
Gefzon?l and wOodward3 recognized that erythromyc1n
follows perfectly*the three-carbon regulawlty defined by
the Propionate Rule. The theory was then _ad\(anced62 by
analogy with the fatty acid biosvnthesif, that the ﬁécroliaes

can be formed from propionyl-coenzyme A3 and
: . - XN -

"methyl malonyl-cocnzvme A 4 as illustrated in the following -

equation: .

COO - . - 0

0 0
. 0 . 1 n
CH ;CH,C-SCoA + ch cu ﬁ SCOA — CH jCH ,C~ c|n ~SCoA
0 CH,
3 1 5
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surface.

) d
So fqr as the finail products are concerned, the

‘. -

alternatives of Birch, and of Gerzon angd Woodward are .-

.
*

étructbrally eéuivalent. _The'validity‘of,the Propionate
hypothesis was deménstrated'by tracer studies of the
methymycin biosynthesis from Stregtomxces venuzuelae;.63
Fermentation Ln,thq‘presehce of (methy1—14c) methionine

gave methymycin labelled almost exclhsiYely in the de;osamine
residue. Sodium (carboxy—;%ﬂ prop;onate was utilijzed

as a unit with negligible Fedistribution of the isotopic

" carbon, and d4ssay results carried oyt én qhe-degradation

products indicated that the-methymycin aglycope is built

labelling studies dore on erythromycin.6 It was observey
that (carbdxy—14c) Propionate was incorporated into

erythronolide65 but not into the(attached_suéars,
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desosamine and cladinose. The reverse was true when

tﬁe Precursor was (méthy1—14c) methionine.65 In
additioh, pPropionate was anorporated tnto erythromycxn
to a much greater extent than was acetate 65¢c d. As in
methymycin there was little scramblxng of the propionate
labels. Degradation studxes 51m11ar to those done on )

methyme1n 1nd1cated that erythronol1de is derived from

seven propiondte un;ts.ssa'c

N g
%/ A “ﬂ\
b\g/<

erytﬁromgéips ] | “ methymycin
’ neomethymycin
The above discussion ig valid for the smaliler

hacrolide_antibiotics, i.e. those with twelve-~ and
fourteen-membered aglycones Recent spﬁdies using
carbon-13 magnetlc resonance (cmf) techniques have
established that there are slightly modif%ed bibsynthet%p
pathwayg for the production of larger macrolides. For

instance, Leucomyagin A366 and tylosin,67 both with sixteen-
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3

membered aglycones, have been found to incorporate

butyrate, propionate and acetate.

. ~ o
 { Biogenesis of Macrolide Sugars (See Figure 2)

D-Glucose, a standard nutrient of culture media,

ﬁ“‘ has been.shown to be the primary building block of the

macrolide sugars.68 _For ei%mple, when Streptomyces

erzthreus was incubdted with D-glucose 1—14C, -2-140,
" or -6- 14C the bulk of the label was found at the.

corresponding carbon of desosamine. Based on Ehese
labelliﬁg studies with glucose; the.segies of - -
oxidations, reductions and alkylations'necessary.to
produce the final macrolide suéars must occur without
‘cleavage of the ea;ﬁan chain of glucose. 1In addition,
methionine, aléhough not involved in the biosyntﬁeeis
of methyno@ide or erythronolide, is incorporated
efficiently into the sugars desosamine and cladinose

as mentioned above. Degradation of the. sugars obtalned
using ihethyl—14C) methlonlne as the precursor establlshed
. that in despsamlne all radioactivity‘was located in the
dimethylamino function, whereas in cladlnose the label

was equally dlstrlbuted between the O-methyl and the

g~methyl at C,.
In order that the necessary conversions can

-be carried out without opening of the glucose ring, and

to account for the fact that all macrolides have the same
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'ation at their anomeric centres,

Celmer érOposed that D-glucose is bound to a
nucleotide during its conversion éo the macrolide

6-deoxy Sugars as jllustrated in Figure 5. This idea

of D-glucose being bound to a nucleotide during its reactions

71 t ) .
For instance, the tlsolation of '

is precedented.
thymidine dighosphate-4—keto—6-de3xy—9—glucose
during the convér§ion of D-~glucose into L-rhamnose has

68c - . . . .
The nucleotide is retained in the

been reported.
intérmediates.until the final transfer of the deoxy

Sugar to the macrolide lactone.

Sequence of Combination

It has been shown that the intact lactone ring
of erythromycin B (Figure 1), erythronolide B, could

//’—‘B; isolated from Streptomyces egythreus=72 When this

7 -

was doné, after growing the organism in the presence

of 14C—labelled propionate, the erythronolide had a

high specific incorporation. This labeled lactone was
reintroduéed into a fresh culture and the isolated
erythromycins were shown to be radioactiVe. These
results strongiy suggest thaf the erythromycin sugars
are attached to thé'fully formed lactone rather than
at an earlier stage in the biosyhthesis.

73, 74 N

Similarly, studies reported by M. Suzuki' ' ~’ s

have further substantiated this combination sequence.
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Figure 5: Biosynthesis of”"Macrolide Sugars

OH o .
HO HO L o,

Q-Giucoso
(Nucleotide Bound)



Evidence was presented for the initial synthesis of the
: ) ?

aglycones followgq by the later attachment of desosamine
in the hiosynthesis of pikromycin and narbomycin.*-

1 : -

7

A\
a
\,

- .
Private communication of February 28 1976 from

Professor D.. Perlman, University of Wisconsin:
[y .

\ . . . _
Our synthetic methynollde,,whqn added to the

oleandomycin-producing streptomycete, has been
converted into antimicrobially active material, very

likely methymycin.
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D) A CONPIGURATIONAL MOPEL FOR MACROLIDES .

. .rl’-‘ ’
L 4 It had become apparent by the early 1960's

that among the macrolides whose constitution had been

; S , - )

defined there were extremely_integfsting similarities.
Q ‘ -

The lactone rings of the erythromycinsl7a’c'g'h‘oleando—

mycxn,33 narbomycin,zga-rﬁethymycin4 and its isomer

neomethymyc.:in3oa b all followed the poly—ﬁ keto acid

blogenetlc scheme, and are made up predominantly or

exclu51vely from propionate units. In addition, the

1

an.}no sugar D-desosamine is found in each of these.

antibiotics. This sugar is known to be attached in the

B-configuration to erythromyciné A69'75 and B,69j76

and to oleand‘omycin.'69'76’77 The aglycones of these-
three macrolides were also linked to .then unknown

2,6-deoxy sugars tﬁrough a~-L glycosidic bonds.69’76’7?

V : ’ O~Mac
CH, o . H,
%O‘MW ' o :

In other words, the glycossdic linkagee of several

constitutionally defined macrolides have identical

"



chirality. Further evidence of .the close stereochemical

degradation of methymyci nepmethymycin, pikromycin,

and narbomycin.

On the basi§ of these similarities, W. D. Celmer
suggested in 1964 that there is a éommon pattern of
.stereochemlstry that would be obeyed by all macrolides. 76
Over fhe next two years Celmer refined hlS original
model to give a tool which has successfully predicted
the stereochemistry of all macrolides tested

In many macrolldes there are oxyggen functions
at sites ‘that do not correspond to carbonyl locations
‘in the poly-R-kecto acid.precursor.3’ These "extra"
‘bxygens arc believed to be introduced by ox1dat10n at a
late stage in the lactone bxosynéhCSLS Experiments
1nvolv1ng the blosyntlth of plkromvc1n and 1ts-

12 deoxy isomer narbomycin have confirmed this

-
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hypéthesis.73'7§ ‘Oon the basis of previous evidence
a >

~that pio-oxidations take place“wigh retention of
cohfiguration[ Célmer propoged-that-the orientatiqn S
of a methyl group at a chikal,'lactonic'carbod should
remain uneffected when a hydroxy group f(an extra

oxygen) 1s 1ntroduced at that centre late in the

macroiide biosynthesis' M. Suzuki'® showed that
10rdeoxymethymyc1n can be biologicalty converted into -
methymyc1n, thus bearlng out thlS hypoth051s in the

case of the Clo centre of methymy01n whlch is shown

below in Fischer projection.

CH_-C-H i —C =
3 ; CH, ?l(om

a . M ¢
As mentioned abovo, Celmer had several facts

. * ' '
at hand when he.started his work. The four asymmetric
centrés of the Djerassi-Prelog lactonic acid (+) -6

were known to correspond to 92' Co C4 and'CG.Of mothymycin

‘and neomethymycin, and to-C4, CS' Ce and C8 of
narbomycinl In addition, the C4 and Cé centres of the
lactonic acid unquqstlonably had the S and R

30c,d
conflguratlon, respectivelys- In order to correlate

\ -



the chirél'centres-of the twelve- an& foﬁrteén—membgred_
lactqnés, Celmer proposed that the penult\:::e propionate

unit had been skipped during-the'biosyqthes of the

69,76

twe@ve;membered ring. Applying Hudson's Rule to -

?

(+)-§ (shown below in Fischer'projecﬁiop), Celmer

tentatively assigned it as a-g-lactone, and thus C, would
' ' 69 e

 have -the S configuration. R - *
o
- . ) .
missing-subunit ?T
' ‘ ?CHCH,
0 in 12-macrolides !
" CH
-7 12
. ?CHCH,
-CH
3 ? : desosamine-0-CH
CH A !
. 1 2 ' .CH3-CH
CH,-CH ’ ' 1 ,
. 3 ' CH M
o CH 12
N CHy-CH-
CHCH : Ly
' 3 : O=C >
C—lOH I
[} . . N .
(0] .
(+)-6 7

‘_With this data, a preliminary mbdel for macrolide
Stereochemistry 7 coﬁ1d then be drawn. Fischer'projection
is also uséd in this diagfam;

Gerzon g&'g}.sl-proﬁosed a configuratiénai model
of'9-diﬁygroerythromycin A in 1956. Combining Gerzon's
assignments with those used in Z’ Celmér elaborated

his model by assigning stereochemistry at Czy C3: C4r



Ci0 and C,3 to give 8. .pn}y the chirality at c11 and
C12 remained to be defiﬁga, although many of'the

assignments in 8 required further support.

Y

Degradation studies with anhydro-oleandomycin;
'illowed the orientations of the last two centres to be

specified, as well as confirming several prewious

_assignments. Celmer was now able té complete his

.

model 9. ) < )

i .
¢,

CH3~?H

H?-Q-sugar
CHa—?H

desosamine-CH

CH ~éH

il

CH3-$H . -

=g ~

!
HC-—CH3 H?-CH3

!
?CHOH HO-CH .
L] ' -~
? - |
CECH, .. CHy-CH )

HC — O HC ———=0

! . |
R _— R

3
2

Further experimenté showed that Gerzon's erythro-

. o : : 7
mycin assignments may have been incorrect. 3 A

reinvestigation of the problem led Celmeér to conclude

that the configurations at C,, C3-and_C4 must be

J
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reiipsed.ao-az .The final model is.presented in schematic

form in Figure 6 along with several macrolides to
illustrate thencongtuenCe of the skeletal stereochemistry.
! Celmer's model correctly predices the:
.stereochemistry in the twelve-membeted macrolides by -~
a.lumxng that the penultlmate proplonlte unit is skipped
durlng the blosynthe51s, as is mentloned above. The_
slxteen-membered lactones can be correlated with the
model by postulating that an extra acetate ‘unit has
been ingerted between the third and fourth sﬁbunits of
the model. Furthermore, the sterebchemlstry of the
hydroxy groups, that orlglnate from- bio-reductlon of the
carbonyls of the acetate subunlts is also predictable:
Slight modlficatlons of the model have allowed correct
ass1gﬁhents to be made ih cases of unusual macrolxdes.
The model has to date wlthstood all tests. Reexaminatlon
of the experxments used as a basis for contradlctlng

’

the model have in each case shown the original conclusions

-

to be in error!

In conclusion, the model‘depiets:. (1) .the

hY

chirality at lactone centres bearing oxygen functions

,thaﬁ'afe derived from bié—feduction of tHe carbonyl

”

groups in the pon?B—ketbne, (2) the chirality of alkyl

substituents at lactone centres, (3)‘a11_carbohydrate

components as 6-deoxypyranosides with identicel

chirality (either‘e—g or a-L) at the anomeric carbons

and (4) C. (or its equivalent) carrying a B-D-gjiycoside.-

-

5

-



36.

NIDXWOYMId

-~

NIDAWAHLIAW

AII8TWAYD09193S 3PITOIDPN I0J [BPOW §,I3WT3d) :9 2Inb1J

L)



The model makes no predlctxons about elther the chirallty

at exocycllc centres or the chiralitv of an extra dxygen

attached at a ring carbon originally a methylene group

’ -

of an acetate subunit in the_poly-s—ketone. A more
detailed description of .the steps used in defining the
model,. and ﬁhe challenges it met can be.found ln a

review article by W. D.'Cclmer.70'



E) CONFORMATIONAL ANALYSIS OF MACROLIDE AGLYCONES

.The éourteenJmembéred macrolides were the first
~ compounds of this class to be studiéd'by conformational
analygis priﬁatily because of their availébility'as
- a consequence of their chemothefapeutic ihpot;aﬁce.

In 1963, paled3

'prqpoéed a conformational model
of cyclotetradecane 6n the basis of‘qgéoreﬁical energy
cons}derations.' He suggested that if a particular
ring can be superimposed on the diamond lattice such
that all ring carbons lie on latfice boints, tﬁen thé
' ;esultiﬁg,conformatioh of the ring is free of Baeyer

strain. The ring of cyclotetradecane could be placed

o :
on the diamond lattice as shown below.. '4/

38.



39,

Molecular optical rotation st&dies7q~6f oleando-
‘mycin, a fou -membered macrolide, and ‘its derivatives
showed that the removal oflkhe'large sugar residues dié
nét drastically alter the aglycone conformation. This
obSérv;tion led.Celmer69’82 to 'suggest that the oleando-
mycin aglyoone might be fixed and possxbly could be fxtted
onto the diamond lattnce w1th the -same conformatlon as
cyclotetradecane. He also suggested that erYthromycin
might follow similar ‘geometric lines.
Perun et al.af bu1lt upon this idea and experl—
mentally determ;ned that a 51ngle conformation of A
erythonolide was present in‘solution by making e of
proton magnetic resonance (pmr) and circular di hroisﬁ‘(CD)
techniques. Because of the.relativé insolubility of
erythonolide B in most non-polar solvents, Zhe most

detailed. studies were carried out using 3,5,ll-triacetoxy—

erythronoljde B 10.




The methine protons at C3, CS', 1 and C13 of
10 were of major significance in thil‘study since the
signals due to these protons were well separated from

other resonances due to oxydenated substituents and

showed distinctive splitting,patterns. Variable -

temperature expgriments from ~80° to 110° showed little
effect on the'coupling of these protons. There was also
little variance in the J values in solvents ,of very
differént polarities. Since it had been established
that there is a solvent'depenqence for the popuiations
of conformational isomers which are in equilibrium,
~as reflected hy changes in the average csupling conspaqts
for the molecule,as-then the absence of~s$lvent ‘
effect in. the erythronolide indiqatgd the presence. of a
single conformational'isomer.

The magnitudes of the vicinal éoupling constants
.in the erythfonolide were eitger large (10-12 Hz) qr

small (0-2 Hz). If the aglycone were flexing, then the

.‘o.

. observed coupling constants would have intermediate values,

assuming that the various conformers were all signifi-

cantly_populétedzss’86

The observation of only these
two distinguishable sets of coupling constants further
indicated that a single conformational isomer was

present.

Confbrmational rigidity was also indicated by CD

studies at various temperatures and in different solvents.

84 -
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All of thaese facts poinged to the presence of a single
conformdational isomer. . .
Perun found that the most useful model compounds
for a conformational assignment were 6~deoxyerythron6-
lide B lla and its acetate derivatives 11b-f since -these
compéunds have vicinal proton substituents at every ring
position except those occupied by the ketone and
lactége groups and thus provided the mést useful
experimental data.
By using the Karplus relationship,87 the dihedral -
angles at each position could be determined with reasonable

assurance. In this way a model of 11 could be placed

in the Celmer-Dale conformation as shown in Figure 7a.

11
R Rl Rl
H H H
acetyl H 3 8
H acetyl H

Hl

. acetyl
acetyl acet& H
acetyl acety acetyl
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Although the agreement of theopmr parameters with
the conformation prooosed by Celmer was good, further
consideration revealed’several discrepanéies that
indicated that this confqrmation was neither a favoured
low-energy conformation nor consistent with other ophysical
data. Molecular models of thé Celmer Conformation i
showed that an unfavourable l,3-syn-periplanar interaction
between the C4- and C6—methy1 groups waslpresent as
well as g severe interaction between the Clz—metﬁyl
“and the lactone carbonyl group. Moreover, it was believed
that aglycones of a single family were appare-+ly simflar
in conforﬁation, and yet Celmer's modél_did not agree
with the known conformation of erythfomycin A which
had been established by X-ray analysis.

A re-examination of the criteria used in t:.-
selection of the most  favourable diamond lattice
conformation disclosed an alternate lattice which had
not béen‘considered before. A slight modification of
this conformation, as suggested by Pérun, incorporated
the relative positioné of the ring protons and other
substituents in a manner which satisfies both the pmr -
and X-ray data for erythronolide. The alternate diamond
lattice and the Perun Conformation Yhre gshown in

Figure 7b. Further evidence for Perun's model waJ:

provided by CD studies. When the well known Octant

MR N

- .

~ X
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Rule as modified for moderately twisted systems was
applied to the ketone chromophore of erythronolide '

in the Perun Cénformation, a negative peak Qas.éredicted
for the ketone absorption in the cD curve. This

was observed. Predictions based on Celmer's model

were inconsistent with this finding. Similarly for the

lactone chromophore; Celmer's modéel gave "a wrong

. 0 . .
-prediction while use of Perun's model led to the

correct.predfction of. the obéerved spectrum.

The Perun Conformatlon, thérefore, appea}ed to’
satlsfy all of the phy51caJ data avallable for. the ‘
aglycone at ‘the time.

More recent detailed, analyses of the pmr and CD
spectra of dorivatlve% of erythronolide B have suggested
that there is some limited J;hformatlonal freedom

in this agly'c;one.88 The general diamond lattlce

conformation proposed by Perun. is maintained with subtle

modification in either the C2~thrdugh Cg, or C, through

C9 segments depending on the nature and position of
“fing»sdbstituents. Vaziabké/:;;EEEEEure measurements

in a series of acetoxy derivatives have' indicated that

the conformational changes in these two regions are U’/

1

5 . . .
. interdependent. This.fact enabled the determination

of the limiting conformations which are populated to

different extents in the series. Qonformational'analyses

44.
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4 .
-of pikromycin, narbomycin, aﬁd tﬂeir defivatives using
pmr and CD techniques have also been carrled out, 88b

Investlgatlon of the conformation of macrol ides
has now been extended with the use of cmr techniques.
The signals_fdr carbons in various fourteen-.-89 and
sixteen- membered90 macrolides ‘have been aséigned. This
technlque has been usefdl in ascertaining hydrogen
bonding and in the strqctural'analyéis of.severai
maéroliaes: As an exXample, cmr has allowed thé hitherto
unknown anomeric. conflguratlon of the. forosamln; m01ety
of thL sp1ramyc1ns,vas well as the locatlon of the
disaccharide unit in tylosin, to be determined:go

Cmr has also been usedvtd aetermine slight confoxmational

differences between similar aglycones’, e.g. erthyronolides
: S 4 €

-

A and B.

In conclusion, macrollde lactone rings of the same

‘sige all have ¥Bprox1mately the same, falrly rigid

confOrmatlon The Erec1qo shape of the aglycone is

however 1nfluenced by the various substituyents on the
rn
ring. These changes in confonmationxmay be "investigated

using the powerful techniques of pmr and -cmr spectroscopy.
."‘ - » B
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CHAPTER 2 - ' . "
CHAPTER 2 o,
PROPERTIES AND CONSTITUTION OF MB‘THY»«YCIN o

Methymyc1n wa's the fxrst of the macrolide antlblotlcs
to have 1ts constltutlonal structute determlned (1956) .
This work was carrled .out by C Djerassi and cqworkers4
at Wayne State University. However, it took an additional
fourteen years before the stereochemlstry of methymycin 12~

was determlned by Rickards et al. 31

~Perhaps an important reason for the slow
pregress.in the elucidation of the stefeochemistry of
this antibiotic was that 1nterest in methymyc1n waned
when it became appareht that it had no chemotheraoeutlc
"velue when compared, for instance, to'erythromycin.
Although methymycin e#h{bits roughly the same range of
,biological activity as many other macrolides, its

inhibitory power is much less (102 to lO3 fold) as.can

-

.

° .
. ~

46.



4.
be seen by studyxng the table ‘in Chapter 1 Section B’
. deallng with the bzologica4 actxvity of the macrolides.’

By 1953 a group'dS?investzgators at the Squlbb
Instltute for Medical Research reported the isolation -
of a hew crystalline- (mp. 195.5-197°) metabolite,, . .

methymycin, from Streptaomyces venezuelaé.27x This

., substance exhibitgd activity against certAin Gram-positive
, Bactef;a., The same chemists characterized methymycin

as a dextrorotatory.base'(¥62°,'methan61; +74°; bhlbrofd;m)
with an empirical formula C25H43N0 'The.ultraviolet;(uv)
‘spectrum indicated the presence of an a, B—unsaturated
carbdhyl chromoohore. This con¢1u51on was,supportcg

by infrared (ir) absorptions in chloroform sdlution

.lat 1681 And 1638 cm"l and by polq;ographlc studies.

The ir spectrum al%? contalned a strong hyﬂroxy band

at 3414 cm. -1 as~weii as a second carbonyl stretchlnq

band at 1719 cm:}"that was later ascéibed by Djerassi '
et él. to an eséet or lactone. StAnda;d degradative

E 4 o )
procedures showed the presence of?at least six C-methyl .

grSUps.and a tertiary dimethylamine. The known ;ﬂformatio;

* _ ’ . . ' B
Suitable crystals for an X-ray determination of the

structure of methymycin have not been obtained ¥rom
either the natural or synthetic-(this thesis)

macrolide . : ' , . N



is summarized below:’ .

- at least 6 C-CH3

Methymycin (C25 43NO ) ¢ T
' C-N(CH,)

- 3 2

at least ‘one OH

S unsaturated sites; 3 of
which are accounted for -

~

..

Djerassi an{. coworkers extended the work of the

8quibb group a 'successfuliy pieced together the total

structure of methymyc;n during' the next three years.? 92‘
This struedral work’ must be deemed as one of the ' |
remarkable ac ‘evements of the time, 31nce technlques
indispensible to today s research, such as pmr, cmr
and mass spectral fragment analyses were unavailable

to organic chemists of the mid-1950°'s. Mild catalytic
hydrogenation of methymycin reduced only the carhon- :
carbon double bond éf the a,B—ﬁnsaturated carboész‘\\\**/////
However, under more severe conditions the encone ,

system was reduced to the corresponding saturated alcohol
tetrahydromethymyc1n In addition, a hydrogenoly51s

product, tetrahydrodesoxymethymybin, £n whlch some

oxygen other than the one of the unsaturated carbonyl had

been lost, was isolated. Reaction of getrahydromethymycin
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with 3-chloroperbenzoic, acid yielded only the cofrresponding

§40xide. All of the unsaturation sitcs‘in.methymycin-

had now been accounted for; methymycin contains two rings.
Methymyciq was found to contain two hydroxy

groups which could be acétylated but whéch wére ;ety

resistant to oiidation.' Although methymycin itself was

inert to periodic écid. reduction wi'th lithihm aluminum

.hydride {g}lo@ed bf periodic: acid treaﬁﬁént:prdduced good.

yiéids of propangll Thus, methymycin must coﬁgqinfg‘masked

- glycol in which one-of Fhe hydroxy‘groubs is protebteg‘
ag an ester or lactone. On this eviéence, structural
fragment lg;was codsideréd to be a part of methymyéin.
The‘rémaining hydroxy greug was also assumed to be

tertiary in order to account for its oxidative resistance.

I3

HO

By this stége of the investigatién it was
evident that the chemi@al properties of methymycin
strongly resembled thnse df erythromycin and pikromycin,

antibiotics known to c¢ountain a lactone 1inkéd’to the

S



5.6 Fortunately, in .the case of

basic éugar_desosamine.
the antxbiotlc methymycin, its attached sugars could be
chemically removed without destroy1nq the aglycone. -
Hydrolysls of methymycxn in aqueous sulphuric acid
undér carefully selected conditions:provided‘the
desosamlne salt and a 20%. yxeld of the free aglycone,

methynolxde 14 { The structure and stereo-

C17H,8%5) -

chemistry of the desosamlnyl re&ldue were determined. by

.

the standard methods of carbohydrate chemig¥ry- and w111

not be discussed in thls thesis. ) ) \v)

.
" methymycin ——a methynolide + desosamine

127 - ' 14 : : -
The hydroxy groep‘freed by removal of'the
desosamine was oxidized to the corresponding ketone.
Treai@ent of this“oxidation product with aqueous base '
followed by acidification”liberated 0.6 equivalents of
carbon d10x1de,.‘Thu§ the desosamlnyl residue was
located on the‘c;rbon 8 tosthe lactone carbonyl.

This information allowed the partlal structure.of

methymyc1n to be extended to 15 The information

requlred to complete the- structure was prov1ded by two

more exper Iments. : . o
HO S o CH,
» ' O ) .
’ " . OMO -
CH, | - CH

15 o “'; 16

50.
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Degraéation of mgthymycid by alkali‘fusion
-(potassium hydroxide, 360°) produced 2,4,6-trimethy1-2—'
cycléhgxénone }9. Assuming khat 16 was likgly formed n
ffém an aldol cohdgnéatién of an aglyconé fragment, then

two bossible ways (17 and 12) were suggested to complete

- partial structure 15.

-

€3H9 —_—
o S

OMO-DESOSMNE

- 17

~ ~

16

51.
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Mild permanganato ox1dat10n of methynollde provxded

t he flnal evxdence that 12 was indeed the structure

of methymycxn.

Three ¢crystalline substances 18,~1g and

6 were isolated from thls oxidation. The smallest

17

fragment 6 was 1dent1cal to the lactonic #cid isolated

earller from pikromycin and narbomy in by V. Prelog

93

0

U

t 1., and lantlfled by them as the §-lactone of

3~ hydroxy 2 4, 6= trlmethylheptanodlolc ac1d These

findings were completely in accord with structure 12.

~ ~

In addition, the. intercenversions and properties of

‘these pxidation products were so demanding that methymycin

had to have

structure 12.

— O O
CH
CHy 3‘
ODESOSAMINE -
CH,

"




v . e

. o
CH . CH
3\ _COOH CH
H o o 3 o)
(o) HOQC
CH, CH
\cns 3 3 CHy Hy CH

18 : 19 , 6
B ~ Pb(OAC), J | OH . J‘
| OH~ }

Stereochemistry of Met hymycin

Pyrolysis of.the Djerassi-Prelag lactoniF acid §
with subsequent ozonolysis produced gggg—a,u'—dimethyl—.
glutaric acid.93 This dégradation.established that

the stercochemistry of the C4— and C6— methyl érouoé of 6

must be cis.

In 1957 Djerassi et gi.30b reported the structure
of neémethymycin (see Figure 1), an isoﬁer of methymycin.
Since okidativo cleavage of the neomefhymycin aglycone
" also gave §, then the gﬁpreqchomistry of centres C2 through

C6 must’ be the same in the two isomers. Acid hydrolysis

converted neomethymyein into 20 in "high yiolds.30a'c~

53,
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Degradation of gg'allowed Cq.to be isclaced as (-)-S-methyl-
. ..
succinic acid 21. Cgnsequently C, of methymycin. has the
S configuration and therefore C6 the R.

ﬁeomethymycin .

20 , .. (=)-8-21

In 1963 Bergel'son and Batrakovg‘a reportgd a

synthe51s of the racemate of the DjerasSL Prelog

lactonic acid. Their synthesis is outlined in
Figur%\S. Compound 22 was obtaiﬁed.in a straightforward
manner starting witﬁ meso~a,a'~dimethylglutaric
acid. . Reduction of the ketone to give Slcohol'gg was
accomplished by sevenal methods. These included hydrogen
over Raney Nickel or chromlum -nickel catalysts, triethoxy-
aluminum hydrlde, and lithium aluminum hydride. R
Saponification of the compound.obtained -from the latter

~reduction, followed by acidification gave a lactonic’

‘acid 24 in 58% yidld which the authors stated was the
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Figure 8: Russian Attempnt at Synthesis of (+) -6
CH3 CH3
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racemic form of the Djerassi-Preloqg lactonic acid 6.
Based on pmr and degradative studies of their synthetic
material, the Russian workers concluded that the C2

and Cg

3 configurations were S and R, respectively.,

Because the as:iqnment of Bergel'son and Batra‘od'
was opposite-rto that predicted by éblmcr's m;dvl, and
because the identity of the synthetic Jactonic acid was
based solely on solution ir spectral comparisons,
Rickards and Smith reinvestigated the problem in 1970.9]
They used pmr anlesis extensively, as did the Russians,
but authentic,”“ rather than synthetic, lactonic acid (+)—§

was uscd for this renewed study.
: 5

(+)-6 R = 4 =

(#)-208 R = ('h3 P

The vicinal coupling constant 1s 10 Hz 1n

J3,4

both the lactonic acid and its methy lyester 25, On this

basis, Rickards and Smith concluded that }{3 and H4

are anti-veriplanar and thus C3 has the S configuration.

This assignment aqrees with Coelmer's mode ) for macrolide



" stereochemistry. In order to study the configuration
at C,, 25 was converted into 26 by a series of reduction,

ketalization and acetylation. This new compound had

Czrincorporated into its 1,3-dioxolane ring. The vicinal

coupling constants between the C2 proton and fts three.
neighbouring protons were all small (less than 2.5 Hz).
Based on this observation, the authors stated that this

proton was“szn—clinal to all three vicinal protons.

57.

Of the two structural orientations, 26a and 26b consistent -

with this conclusion, the latter was eliminated as

“

conformationally unrealistic. The stereochemistry of

'CZ is therefore R. The assignment of the R configuration

to C2 1s in agreement with Celmer's model.

o) CH3

AcQ

26a £ 26b . 26cC
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In the light of ‘Rickards ahd Smith's evidence, it
must by concluded that Bergel'son and Batrakov erred

in assigning thelr synthetic lactonlc acid as the racemate

of (+)- 6. It is not p0951ble to state at whlch point

the Russian workers were misle wever, there are

-

several reactions in their which can cause

epimerkgation of sdme chlral centres. For instande, the

basic ester hydrolysis may have eplmerlzed the C, centre.

2.
Only the. stereochemistry of the double bond and

the configurations of ClO and Cll in methmecin remained

undetermined. The pmr spectrum of methymyc1n establlshed
that the double bond had the § confjiguration, while ozonolysis

of the antibiotic 'led to the isolation of Cyp and C,, as

91b

(+)-2,3-dihydroxy-2-methylpentanoic acid. ‘Compound 27

- =27 - . )

-

Close 1nspectlon shows that the ir spectrum of 24 is

very similar to that of the natural lactonlc acid, but is
not superlmpcsablo. The ir spectra of synthetlc (+) -6
(this thesis) and authentic (+)-6 are exactly super-

imposable.
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was identified as the erzthro isomer by comparison with

authentic racemic 27. Flnal deﬁ'hltlon of the chirality

at_ClO and C,, as S and R, respectaz;;

rythro-27 was correlated throud

Yy, wWas p0551b1e when

28 with (+)—§—butyrune

(-)<erythro-</ 28
29. ’ B
- coon - CH
] ¢ 3 co
Ho—c CH, HO-C-CH x{a OH
HO- c-n HO-C-H HNGH
! C;H
Cz“s : .CoHg 2Hg
Thus, through the efforts of Djerassi and his
coworkers, and of Rickards and smith, the total structure

of methymycin has peen determined. The stereochemistry

of this macrollde is summarized in Table 3.

4
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Table 3: Chirality of Methymycin _ S
'S ‘ . -

Carbon . Chirality : " carbon " Chirality

1 A 1’ S (B-glycosid¢)

2 ‘R 2° R

3 s o . 3" . S N

4 s N 4 . A

5 A . : 5'" R

6 R :

7 A A

8 A ¢ .

9 A f

10 S

11 . "R .

12 A < é

13 A '
8-9 (E) -bond !

+ ) '
T A = Achiral .
R, S = Absolute Sense

-




CHAPTER 3 * -

PREVIOUS éYNTHkTIC STUDIES OF MAdROLIDES

Therefgre-four principal éppréaches to thg
synthes;s of macrocyclic lactones: (1) the Baéyerh
Vlfﬁxger oxidation of" the cotrcspondlng cyclic ketone,95
(2) cycllzatlon of the termini of an appropriately
substltu‘;d ester, (3) perac1d oxidatlon af a bicycllc
enol ether precursor and .(4) d}rect lactonization of !
a'hydroxy carboxyllc acid. - '
The first method is i%practical for several
reasons.‘ The proparation of an apprqbriateiy substi%uted
medium or ,large; cycllc ketone ‘would be just as, 6r even
mo&eﬁdlfflcult than the synth051s of the lactone itself.
Ghe ketone synthesis would have to be carried out under

-

essentially neutral conditions in order that there;ig
no chance of’epimérization of .any centres adjacent )
to the existlng ¢tarbonyl functlons,51n¢e the qtereochcmxcal
1ntegr1ty of the molecule must be prescrved.- Unfortunately,
neutral methods for the prgparation of ketonos -are ‘vr?ery
-few in number h There is a further cpmplxcatlon since
the Bd(ygr Villiger recaction would have to be selective
as to which suhétituﬁnt of the ketone migrates

In the lato‘1960 s Corey madc\:qo of nickel(O)
carbOnyl to cyclize an allyllc dxbromldo as part of

9 ;
the synthesis of the qesqu:torpono humu]onn 6 ThlS

curbOnrgdrbon bond formation wag lator oxtondod to the

61.
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synthesis of a medium-ring lactone.’! Reaction of _
compﬁund 30 witﬁ nickel{0) tarbonyl gave a 70-75% yield
of diené lactone g%_wh;gh was subsequently”hydeqenated
" to produce the thirteen-membered lactone 32. Thzs
_reac£ion is also uniikely to be synthetically mseful-
o . -

‘for the preparation of highly substituted lgctones

' because of the diffic @y in obtaihing the p}operly

L4

\ /

3 : 32

s

substituted allylic termini, and because of the problems
associated with further conversion of the diene into a

‘ highly functiomalized macrolide.

The third method of approaching the problem

has been used by Bagli and Immer 8 to synthegize 33,

a structurai isomer of curvalin 34. .They used the '
oxidétive éleavage method developed by Borowitz and
:Gonisgg to ring expand the lricyclic vinyl ether gé
which yielded 32. ﬁemoval pf the O-methyl gro’ps

atforded 33.

- | _ ’ih;
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More recently: Borowitz and'coworkersloP extended

'their method to. détermine Lhe'feasibilfty of using

thxs type of cleavage to generate theé methymycxn lactone

system. . Their xnxtlal 1nvestlgatlons involved the

101

synthesxs of 7 oxoundecanollde 40. Alkylation

‘of cycloheptanone with a dlfuﬁﬁtxonal reagent ylelded
o

38 after conversion of the free termlnus of the alkyl
side chalnvxnto a hydroxy group. Acid catalysed

-dehydratidn led to the vinyl ether 39 but only in low
y,iefds (15%) . ~ | L
NS .

1. . ~
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The. cyclization réaction_washfound to produce even

poorer yields if the siarting ketone carried substituents.
Thus, in the case of 41 cyclization "occurred to a
minor extent" 'affording a mixture of isomeric enol - ,

ethers 42. ' The authors concluded that the préesent

synthesis of cyclic vinyl ethers cannot be.applied'té
. L] L

.

" the preparation of complex macrolides.

'Cyclizatidn of the correspdnding hydroxy

102

carbokylic acid as a lactone -synthesis has met with

the greatest éuécess.’/For instance, Colvin, Raphael.and

otherslo? have reported the first synthesis of a non-~

aromatic macrolide, (+) -pyrenophorin 44. Compound 43 was

prepared using classical methods and was converted

- 64.
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into the acyl { idazolideﬂhﬂd subsequently cyclized
' with base to give a 60% yield of a 1:1 mixture of

diaétereoisomers.

-9
44

After hydrolysi.s ‘of the thioketals, and removal
of the meso product,l(i);pyrenopho}in 44 was obtained.
In this synthesis, 1,5-diazabicyclo[4.3.0)non-5-ene
(DBN) was used to remove a 4-toluenesulphonylethyl )
protecting group. The use of a powerful reagent ‘bh
. like DBN may.destroy those labile groups normally
present in more coﬁplicated macfolideS'such as

methymycin and thus not allow this route ge be

genéralized. More recently, a related céE%fund
. "y

2

&

N

o v
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(¢)-vermiculine 45, was synthesized by Corey et 51{;;::::>

using an efficient lactonization step which is discussed

later in some detail. B . : .

45

Several successful synthe_ses“‘_5 of the fourteen-
membered pseudomacrolide zearalenone 48 have.appeared'
in the literature. In.th.of these reports,losa’F the
final steps invdlved a ‘iow vyield (10%) lactonization
of 46, cétaiysed by trifluorocacetic acid anhjdride
followed by cleavage of -the O?methyl ethers. Another
lactOnlzatlon yleldlng zeara]enone was carrled out by

'cycllzxng the hydroxy and methyl ester groups of 47

via an ester exchange using potassium tert-amylate.lOSb

66.
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A synthesis of racemic dideoxyzearalane 49 has also
been reported 106 In this case the final lactonxzation
was accomplishedxin 25% yield By using phosgene and

triethylamine in dilute benzene solution.

The direct laétonization procedure apééars to be
the best approach to the synthesis of macrolldesl
however the YIEld needs lmprovement At the time we
announced our method (deséribed in this thesis) at’
thg 9th IUPAC mgeting, Corey published a neWgr approach
to this problem.. He suggested activating thé hydroxy
and carboxy groups of the lactone precursor towards
mutual reaction in order to improve the yield of lacton-
1zation. One way to‘activate'both the hydroxy and
carboxy groups would 'be .to use a carboxylic acid
derivative which wbuld_fayour proﬁon transfe£ from
hydroxy to carboxy oxygén. Corey ptoposed the‘usg of

the pyridine-2-thiol ester, a functional group used
107

by Mukaiyama in his studies on peptiae bond formation,:

as the acstivating group A mechanlsm for the lacton-
1zat10n mechanxsm suggested by Corey is .given 1n

‘the fOIIOW¢ng scheme. This electrostatically driven

67.
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N S +N S ¢NJ CS

tegction.‘if‘it indeed operates as shown ab e, could
also proceed intermolecularly, but this problem should
.be overcomé by using high Qdilution techniques.

Corey proved his h}pothesis by successfully laqtgpizing
several aliphatic w=-hydroxy carbox}lic acids, after
first Sctivating‘their carboxy functions by converting .
them into the corresponding pyridine~2-thiol esters.
The cyclizptién reaction invélved prolonged refluxing
in the indicated solvents. The results are given

in Table‘4.>' |

L

68.
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Table 4: Lactonization of w-Hydroxy

HO(CHz)nCOOH -——~—» lactone Y "

' Yield

n Salvent (Reactian ‘time) - Ring Size glpc - Isolan‘ .
5 .

benzene .(10 hr) : 7 84

71
7 xylenes (30 hr) _ 9 25 N 8
10 " xylenes (20 hr) - 12 64 37
11 o Xylenes (10 hr) 13 76 66"
12 xylenes (10 hr) 14 79 68
80

14 xylenes (10 hr) 16 88

A

Along with the indicated amount of lactone formed in

the reactiom there was.a variable yield of diolide 50

isolated. This produgt was a minor constituent (5-7%)

except in the formation of the nine- and twelve-membered

lactones where ‘it accounted for 41 and 30% of the

product, respectively.

o
o
(CP/Q (CH
n ),
o
o)
50

Corey appliced this lactonization procedure to
. ) 105d . .
the synthesis of zearalenone. Cyclization of

51 with subsequent removal of the protecting groups

gave the pscudomacrolide in 75% yield,
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48
. . 51
& by
‘\ i) .
The use of this activation procedure has been ~

extended to the synthesis of macrocvclic lactopes in

108

the prostaglandin series. For instance 53 was obtained,

v

following deacylation, in 67% yield by refluxing

a xylene solution of 52 for thirty hours.

]
R = Pyridine-2-thiol ester
, _ e
. - ‘Partial syntheses of brefeldin A, carpaine,
E" . - 109 ’
vertaline and erythronolide B were recently reported )
while our manuscript was in press. This latter compound
is of great interest since it is an authentic macrolide.
Treatment of the sewvo-acid (the lactone ring ouenced,
hvdroxy acid, vrecursor) of 54, ohtained by conversion
o€ naturally derived erythromycin B, 1n tetrahydrofar.an
with two equivalents of 2,2'-dipyridyl disulvhide and two "

. | a



OH 2
CH,4 g

____;—-Erythronolide B

cH.O
s
o
CH,

. _ ‘
equivalents of triphenylphosphine for 22 hours at 25°
led t? the cqrrespondinq,pyridine-2~thiol ester which
could be isolated in 88% yield, and which onn'heatinq
at reflux in xvlene for 72 hours affo}dcd the maérocvclic
lactone §§ In an unsvecified yvield. This comovound was
then converted into erthronolade B’by a multistep
process. The overall vield for the‘partial synthesis
was not given, nor was aﬁy mention mado‘of nossible
epimeric produgts. |

Somewhat later, H. Gerlachllo reported an
improved cyclization.méthqd using the py{idine-Z;thiol
ester. Use of silver(l) salts to catalyse the
reactioﬁ results in rapid fofmatvon of macrocyclia
lactones ang esteps-~at room temperature under.non-basic
conditions. The yields are ;0—85% for this.reactibn. .-
- A synthesis of'; ﬁéérocyclip thiene involving
the use of a‘repoatablo 2,3~siqmatfopic shift as a
ringgrowing reaction has also been repogtcd.lll The

e

.

]
»

71.



authors note that théy_are exploring extensions of this
concept to carbocycle synthesis by suléhur extrusion,

and toward the synthesis of macrocyclic lactones and

lactams.

72.
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CHAPTER 4 -
A=SY§THEZ}C APPROACH TOWARDS METHYMYCTN
In the pvccoding.éhaptcrs the prqpért@es of the- .
macrolide antibiotics have been diséu;sed - The most
interesting aspect of the macrolldcs'frOm the organic ’

chemist's point of view is probably the common stereo—
chemlstry shared*by the macrolide alecones. We were
faiplnated with this structural feature, and at the time
thgt wve 1n1t1ated this projbct approxxmately flve:years'
ago,lt was not even (lcar how to appreoach the synthesis of

this type of compound. « Iy LT, r3anic chemists had

. é * .
explored 'the area -+ + .- - cT ot T e Tistry so extensively
that general aryr.oa . - . P E N T S S §
importgnt dr-ours or . - : Y T i,

terpenes and & "ne Tiold of .
antibiotics, tdta: .- . : ' vt ceptialo-
. <

Sporins, and tetr.a . . . . T N S TSR ST
only remainrng =a:; - . - .| ) , - Sl e ed

) - ~
us was the macrolide 1-- - - IR et ATy,
rather obvious from e e oL . me
hoped that a successfy: . ) M e

macrolide family.would teadi - @ :Q—.‘z . v
L . - e

approach to other members ¢ o+ o o wilh s o ga .,
. ; ,
such a scheme would also be valoa: .. o« - . . ~_ oy,

studiés of the macrolides as wei.' as -+ o a- L

in synthetic organic chemistry.

' : - 73. w S
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There are two main problems‘aésociated with the

synthesis of ‘the macrolidé antibiotics. They are: (1) «

. the stepwise stqreospecific introdubtiOn of.each.chirali
cehtre:preferably via an aldol or élaiseo type.condensatioo
'aod (2) the formdtion o; the lactone. rxng In light of
6t011~s earlier work, a twelve-membered lactong should

*a . . .
be' the hardest to cyclize. We reasoned that'if we were .

successful in cyclxzan this medium r;ng system, then'
we were confldent that the larger fourteen— and sxxteen—.
membered r1ng oulad also prove amenable to cycllzatxon
.(vide infra). Wwe therefore ﬁJlt ‘that qur ‘first prxorxty
was to establish the feasibility of the lactonxzatxon
step,before'qstackxng Ehe problem of a stereospecxflc

. .. oo i
stepwise synthesis. The simplest of the nonpolyene

macrolides,

///,~\\QE£ synthesis.

T~
—

of 4he madroTAde family, had the advantage that the -
Y : : :

ycin, was chosen as tHe first goal of

Methymycxn rbelng the smallest member

§tereochemic'l problems associated with the ring system

- . .
apeé minimal.{ Thus, while the construction of tﬁ, seco-

acid is'presumably easiest~ofpall, the lactone ring
formation would p}esent difficnlt problemsr' In particular;
the three inner hydrogens dlscussed below, further compllcated

this problem Therefore, methymyoln or methynollde is the

—

best compound for the purpose of testlng our approach

-



) oﬂ t.l’gs relatxvely s

78.

Before oyr xnxtxatlon of,thls project two apptoaches

;o the synthesxs of large-ring lactones had been tested

as discussed in Chapter 3. Borowitz concluded that his

enol ether cleavage appgbach although useful for the

synthesis of relatxvely simple lactones, was of no use in

the syntheszs-of thf highly substituted_m4qrolide

aglyconés. _Thé othet method, adain.as examined earliér,
aPpeared 1mpract1ca1 for our purpose. '

The more obvxous but extremely risky approach
would be the cycllzatxon of an app!oprzately substxtuted
long- chaxn compound. When’ thls project was begun 1n

1979y there .were no e{fic1ent thods for the synthe81s
¥

<&

; of large ring comporpds . "For 1nntance, the cycllzatlon -

in only abonggqps, and in light of Stoll's exper"entso

this was genera%’h thought to be about the hlghest ’leld

that could be hoped for. Howe&' we belxcved that ‘in
View of the conformatxonal quldit;y of t%mactollde .
aglycones that cyclizatlon would proceedfin much‘xgher )
yxelds than with the allphatlc compounds studxed by - Stoll
In Chapter 1 Sectxon E. the confarmational
tihidlty of’ erythronoﬁ*de B was dlscussed. This lack of
flexibility* in the aglycone is .also presenf in methymycin.
A conformatlonal analysiq baseﬁ maznly on the CPK atomic

model df methymyCLn and partially on a pmr analysis
LS .

».

ple lactone zearalenode was. proceedxng

.



:’/

l&g&oigcq that met;\;mycin most likely has the conformationg

i‘dicated below.

'The molecu.e is quxte rigid and conformationqlly

., fixed as evxdenled by physical data qnd as judged- from

’ '-w'o

" the model, whzch't'hn hardly

e

rlng has been cohstructed

lo ted inside the rlng are
@ ' . . . ‘
the van der Waals on which might be expected if

metnymycin were | ily»planar is to a large-ek;ent'
'onfonmatxon. This van.der WQali
LI

repulsxon is furthet ;educed ast one’ qoc- to the 1arger

removed in the‘ac

lactone‘, and at the siXteen-membered-ring is almost

totally absent,- Becau e of s trend, we believed that

the aqk\cones of ghe la gef rodees should be even
eas*er q§ Nn than that of methynypin.- The deaOsamine
resiaue ;urther trenj!hens the conformational rigidity
of the rg:ole syatem _ K ‘ '
» Thia lack oi flexibilxty is also extended ;\\1ﬁ

leco—acxd 55 of - the methymycin aglycone. Qecause of the

presqn¢e of the a,e-unsaturated_kotqne an&_more importantly

A o : . X :
the substituents along the chain, rotation of the C6—C7

‘ﬁ* .* , . .. . :
‘ . o b - '. : b ! k é
i LI ; . . - ) . . .
. . . o ; .

-
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linqle ‘bond 13 the only w deg.ne of freedom allowed
in the -eco-acxd Thus, tation ibout this bond

o
‘ .‘.. s 1
] .l‘"cH ' g ‘ . :‘»
§5. B CH uuvm l -—_-. ' M_,ﬁthyn? l'ide-,
. e O, ’
* y uan * . 14
Y ' C-H3 . C T
— N CH3
. . HO : . . e ?
3 : ) .- . .. ‘ . : . : r

3utomatically brings the hydroxj'qrdup at Cll close to  » '

‘the Cilcarbox'yo_grouj and lactone fotmatipn my collpote ‘J ,h

e
‘ '.favou;-ably with i‘nt lieCular condensatjions.
' . Therefore, based on this cohformational analysxs,
' if we can. consttuct a sbitab yxsubst1tutea hydroxy carboxylxc
acid or xta ‘eddivalent, we hkb\reasoneé! that there il a
)" ' good chance that lactonxtati* to‘yield methynolide may

be ef.fected . Two possible immediate precux‘Qrs (55 and

-

56) to the lactone ring aré' shown- below. ®

2

Lactonizatxon from 56 mA% proceed with or without ;he
. assistance of a Lewzs acxd and with care, .a Lewis acid'

' should not epimerize the Cs—methyl group. o'tke the R



- .
;ynthcsxs of the aglycone has been accomplilhed, thc

&
‘remaininq task only involves attachment of deaosamine

to Chc socondaty hyd’ group of mefhynolide.

' Untortunately, the limxted world supply of natural
methymycin (<400 mq) prevented us from degradation of
methynolide to produce 55 anad 56 or . ;heir equryalent,
uhich could h&Ve bden used to toi!*&ﬁé :oanxbility of thxs
lactonizationwapproach. We therefore “have been forced
to proceed wiﬁh antotally synthot%c route without the.

' bcnefit of a prelguinary rglay ltudy,.a riok which we ¥ .

conszdured worth taking._ . .
‘ N

(XA

j{xaor‘ ‘;qr.knjerassi reported (see Chapter 2) that upon
- degradatxon, methynolide yields (*)-‘-w This lactonxc
_acid 1ncorporates Cl thrOugh G q: methynoYﬁde, tﬁé segment_

which we refer to ag_the rxght hand szde of the

>
nmolecule. C
7
+
.:! .
. \
Left Hand Right,:Hand

Side "Side



'w; cail the remaining C8 thrpubh c13 fragment the ieft
hana side. Our synthetic plan anolven the preparation. (;:
of the left and right hand sﬂdes of methynolide, conden- i |
sation of these fraqments to give S5, 56 or thair . '
oquivalent, tollowed by . cyclizatxon to form methynolxde 14
' Our ultimate goal is the synthesis of the natura]
“form of methymycin, and thus we need to either use o '
;b optically pure reagents throuqhout the synthesis ‘or
carry out the reactions in such a way that resOlutlon
Q*ng-.metrxc syntholis can be acmplishod at some °
t’!o‘ There are at least three ways to combine ”p

2

tq"agpcnxcally matched componpents. Pirst, both segments
. . ]
9. ‘s are, resofV‘d or asymmetrxcally synthesized and ‘combined,

ls :, transﬂit the stereochemical xntornntion ot one-

-3

t to the other, and thxrd, one segment is resolved -

jhd#'sad to resolve the other molecule. Although the
3v-f- .ebahd me t hod is most attractiye\a%d is cutrently being
¢ . ';xplored, we decxded to use the latte ter nethod in the

lynthe.ﬁ‘ of methymycxn ‘

With .the -assumption, which later proved to be valid;

. that the wronq Pair of isomers would not cyclize or at

loast not cyclize as officxently as the correct "ir, s

.,

- we ptoéeoded wlth our synthesis. Racemic DjerltolvPrelog

' lactonic acxd (+)r6 appeared to'be an 1dea1 1ntermediate

in the synthesxs Not only would the successful preparat;on %

- * ' ) 4



%

80.

"of (+)-6 complete the right hand portion of the

cycllzatiqn precursor, but the chcmxc&ﬂly non-cquivalent

carboxy groups, a ftge acid and a §-lactgne, should allow

- fixture of the simpler left hand portxun specxflsylly

to the dosxred group The smaller left hand fragment.

.of the precurbor can be more casily prepared in optically

.

Qctch fo:m than can the. lactonxc a01d and therefore

*will qetvo ‘as a rcsolvxng aqent for tho right hand side

’

\of mcthynolxdu during thv ;actonxzatkbn, since the

eonformatxonal analyuis, Based on thc CPK model indicated

th,t~on1y the cor§ect precursor will cyclxzc In uddxtxon,

the correctness of the relative qtercochcmxbtry in the

synthetic lactonic acid can u.:sxly by checked by comparing -

it thh naturally detived (+)-6.
. ®



: methymycxn could be conth*ed as outl;ned above, the te

CHAPTER 5

A SYNTHESIS

L3 , :
OF THE RACEMIC nme\_ssr-ngLoc LACTONIC ACID

An efficient syntheals of the Bjeras§e Prelog

lactonxc acxd (¢)—6 necessaqééy involves the Lntroductxon

' [ ]

of'four'asymme;ric centres in a higﬂly'steréoéelectivé

.mannexl K. Eﬂnwilsbn in cohjunction with C. Kim and H.

-

bDavis was able to isoclate a few millxgrams of the racem1c°

lactonlc acxd Hxs ploneorxng work 1s fully descrfﬁ:;\

in hls thesis, 64 ln order that th

(

sxs of

-

Teaction sequence used by Wilson had to he 1mproved

’, -

conslderably

As noted prevxously, our ultimate aim is to

construct the methymycin aglycone in a stereospec1f1c

Stepwise manner. However, at this stage of. the

4

1nvestlgatlon it 15 [more 1mportant to establlsh the

;fea51b111ty of thg fxnal laqton'zatxon to produce.

81.

i m
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'schemc, We thus first proceeded with a more conventional
synthelis of- methynolxdo scco -acid.
The gencfatxon of asymmetric cenrrcs in a stntea—

selective fashion is much easier to accomplish in ‘a cyclic

82.

‘atructuré which possesees some rigidity than in a flexible

acyclic analogue. After introduction of the reduircd
‘asvmmetric centrc;, cleavage of the rinq-wouid afford

suitable precursors for (+)—;. THe trxmethylcycloheptepol
dorxvatlve 57-wa. qelected by WllSOh as the key synthetxc

intermediate.

> (+)-6

CHy OR

v

vrln

Cleavage of the double-bond in an .oxidative manner,
followed by removal 6% che hydroxy brotecting group,
shoul& lead dlrectly to (+)-; | _

In W1lson s synthetlc route - 3 S, 7-cyc10hepta-
triene—l,B—dlcaerxylxc ac1d.58,was chgsen as the starcing
materxal for preparatxon of 57. This 'diacid had beeq
prevxously synthesized by, two research groups.1~-12 fh ‘//

112b

more recent route published by . Voéel and outllned

“in the followxng scheme was uJ%d by wilson.

R

-



COOCH,
COOCH, | COOCH,
— N_ —_— .?
COOCH, ~N 7 ~COOCH,
OOCH, - . S
59 60 61
COOH : COOCH;,
COOH COOCH,
58 ‘ _ 63

he reaction scequence to obtain 58 involved some

problems in a larqge scale operation. The addition of
] * \

d‘;lzomvthum\ to the Diels-Alder adduct 59 is not very
M [ 4 Z :

C’ficiont and requires several treatments with fresh
*

diazomethane over a one-week period. Thus, the reaction
~3
Ld .
mixture often contained as much as onc mole of potentially
v aq : - " . '
. N . - 4 . . - .
#- . explosive diazomethane. In addition,’ the photolysiflof

pyrazoline §§ had to be carried out on small amounts of
hatvrial (-3 g) in order to produce a clean product
in hiqg yield. cherthcluss; this proccauro was
ini}ially followed. | :
: . . \
Since the carboxy groups of 58 werc’ultimately
intoﬁded t§ be_traﬁsformcd.intp‘thc two methyl groups at

Cg and Ce of *(+)-6, it ya§ necessary that thosc.groupé

L . , ,
). - R ) : kS ‘: : o,i", -.:. PS .o . Y '
3 5 N - A A ’
i ¥ Lo e RS !



84.
. .
have a cis orientation in subsequent productya,

113

Reduction of S8 with sodium amalgam providodﬂa‘hiqh

vyield of tHe desired diacid 64. The producf consistoed
pt

of 90% of the cis JSOmFT.:‘ThiS.prOduct distribution isu
in marked contrast to thg’.kduction of phthalic acid which
/ .

vyields viftually only the gfgns isopér.ll}b'“ ,

\___\/ COOH

COOH .
64

A~

The isomeric purity of 64 was established by a pmr
study of the dimethyl csters of 64. The pmr spectra of
the cis and trans diesters, are expected to be quite

different. In the trans diester 6%, there is a two-fold

65 <<

rotation axis (92) through the methylene group necessitating
the chemical equivalence of the geminal protons on C2.

Thus, the methylene protons may be analysed as the AA*“



part of an AA'XX' system. In-general, this half of the
nuclear spin system consists of twelve lines.114

-However, since.the J coupling constant is“expected

X, X"
to’ be approfimately 0 Hz, the AA' pattern Teduces to six
.lines. Exgérimentally, a triplet.ir 7ﬂ75, J = 6) was

observed indicating that the cis and trans coupling

,
constants are equal.

In contrast to 65, thq cis diester-66, has a mirror
plahe {c) through the methylene group and- thus the twb

¢
geminal protons 6n C, are not chemically equivalent.

2
Thus, these two protons may be treated as the AB part
of an ABx2 spin system. Experlmentally, thé&e are
Mserved twelve lines appearlng as four off-~centre
triplets, in agreement with the prediction of an ABX2
pattern.

The cis diacid was purified via its anhydride 67.
‘when the mixture §f was heaﬁed'for a short time in the
presence of acetic anhydride, the cyclic anhydride §?
was obtained ih 883 yield. The SiE diacid 68 was then

Obtained by treatment 6f tge anhydride with agueous

sodium bicarbonate.

N L LodH

64 —_— O

o> “COOH

67 68

e ~ o~



. "Our first task involved improving the yield of

the cis diacid 68. In collaboration with H. Pavis and
-— .

G. Spessard, an alternative and more efficient route

to diacid 68 has been ekecutfszzzg\a very -gratifying )
. ' ‘ _ \

resylt, . \ \

In 1966 Canneli{ls repogted that bicyclo[(4.2.1]nona-

2,4,6-triene 69 is formed.during the pyrolysis of" the
1"25 +‘"25L‘d1mers of bi;yclo[2;2.1]hepta—2,51d1¢ne. If
the isolated dodbie'pond of 69 could be selectively *
. .

L4

69 o .. 68 . . -

oxidized by cleavage of the c,-Cg bond, diacid 68 could
be obtained directly. ‘

Schrauier116

reported that.bisfumaronitrile:
117

nickel(O) dimer izes bicyclo[Z.2.1]he§ta—2r5—diene ta'
give exclusively fhe‘gﬂ&i—fused isomers 70, 71 and 72.
The main product is 71 which is presénﬁ as approximately
80% of the mixture.. The ofiginal procedure involves a

l1l6a

sealed ‘tube reaction. When a large scale (350 g)

reaction was carried out behind a safety shield, a

[
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'87. -

violent explosion occurred which causeéd extensive damage.

exo-anti-exo .. exo-anti~endo °- v' endo-anti~endp
' 70 ' 71 o 72

-

to the fume hood in which the réagtion'was carried out.

Subsequent reactions were then carried jout in a sealed tube

- placed inside a heavy-walled stainless steel hydrogenation
: i . _ . _ i .

apparatus. )

~Pyrolysis of the.ﬁixtqre of the dimers in a flow
system, followed by‘distillation of the product, provided
69 in 75-80% yieLQ.; Thg-pyrolysis occurs over a wide
temperature.range (250—500°)1,15 and the ptoduct distribution
is a function of'tembefatufe, contact-timé and(surface‘
areé. If too iow a temperature is dsgd; imcomplete.

cracking occurs, resulting. in some exo—tricycloTA.z.l.Oz'5]—

nona-3, 7-diene 73, a 'pyrolysis.intermedijate, dlong.with a

P

" considerable amount of uncrécked_dimer. Too pigﬁja_temper-

73 -

~ - -

-ature or too long & contact time results in considerable

aromatic material being produced because of further
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- . ,-
~

;reactxons of 69 in the pyrolysls tube. In pboth cases

"there is usually some exo—antx-exo dxmer 70. whxch is

uncracked £ Thlg observatxon is consxstent w1th Cannell's
' report of the reactiv1ty of thls 150mer. The -most’
. convenlent method of monxtorlng the pyroly51$ is by
.removlng an aliquot of pyrolysate apd tak1ng its omr
-apectrum. The temperature and/or theAflow rate (and
thus the contact t;me) are varled until optimum condltxons
for‘tpe pyrolysis are obtained.-

Hyd£obpretioQ oflgg was.CBOSen as the. method of
" oxidizing ‘the isoleted Aeuble~bond. ‘ This Metgod_ﬁas
an advantege over ekher oxidetiog méthode since the
probablllty of. skeletal rearrangemeét is extremely low

b .

'durlng ‘the reactlon.' Hydroboratlon was found to occur
p:xmarlly ‘at the cyclopentene double bohd even though .
cycloheptene is hdeoborateQ~by pls(Q—methyl-Z—bqtyl)—
/borene five times faster than is cyclopentene.llaf This
fact may be ratlonallzed by nmoting that the reactlvity .:
of the dlene moiety should be reduced sonewhat because :
of conjugatlon. 119 In addlt;on, moIecular models
1nd1cated that the methylene bridge is inclined" sllghtly

'towards the piane of the diene, prov1d1ng some shleldlng(

from exo attack by the borane. Use of bls(3-methyI—2—

120

butyl)borane as the hydroborating agent produced

alcohol 74 in 90%'isomer§c purit§ and in an overall
Yield of 75%. The hydroxy group was, shown to be it the

» L4

‘ . . . . ) Q
) . " A

-
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. exo eoafiguratiOn/ as expected, by pmr shift studies.

This aspect is elaborated on below.

Oxldatxve cleavage of the o —C bond of 74 first

8

requires. the 1ntroduc§xon of functxonallpy at CB' In

" -order to activate this position 74 was oxidized to
.keﬁone 75. Standard methods such as Sarett; Jones anq-

Collins oxidations failed.in this reaction probably

-

~due to skeletal rearrangements of the algohol. The
Opp‘enauet121 methoa using aluminum tert-butoxide122 and

4- benzoqulnone proved satlsfactory glVlng ketone 75

in up to 75% yleld. More recently a chromate ox1dation123
appllcable to a, large scale operatlon appeared in the
'llterature whlch also proved satisfactory for thls
'Peaction, although the yields are somewhat lower (40-50%).
Evidencecfor the gﬁg oriehta;ioﬂ.of the hydroxy.

function in 74 was provided by a. pmr study-of the effect

of the lanthanide shift reagent, tris(1,1,1,2,2,3,3,-

heptafluoro-7,7-dimethyl-4, 6-octanedionato)- europium(III),

or more simply Eu(fod)3, on 74 and on the endo isomer 76,

. ~ . ‘ o~

produced by reduction of ketone 75 with lithium aluminam
. ® ,

89.
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u
containing various amounts of Eu(fod)3 were examined by
pmr spectroscopy. With the aid of decoupling experlments,
complete proton a551gnment of the spectra was p0551b1e.

A plbt of ‘the resultlng proton chemlcal shifts (T)

oversus the number of mole equlvalents of shift reagent

hydride. Carbon tetrachloride solutions-b( 74 (ca. 0.28M),

{C) showed a good linear relationship ES“ C < 0.3. N~

At hlgher concentratxons of shaft reaqent, the chemiqal~

shlfts slowly approached saturation. A similar experimen‘

,was carrxed out with endo 1isomer 76. Table 5 llStS . the
. —

-slopes’ of the 11near plots of the two brldglng protons,

EQA and HQB’ in the two compounds.

Wheteas the $lopes for the brldglng protons in 76

N

are approx1mately the same, this is not the case in 74.

One of the brldging protons' travels downfield twice as

fast as the other. 'This behaviour is just that expected

for the endo alcohol and the exo alcohol, respectively

4
Hydroxymethylene derlvatlve 77 was then prepared

by conventional methods12 from ketone 75. Subsequent
ox1dat1ve cleavage With'sodium-metaperiodate according
to a modified form of the method developed by Wolfram!?2>

prov1ded an almost quantitative yield of diacid 68.

The pmr spectrum of the dimethyl ester of ‘the . cleavage

product showed no evidence of the trans isomer.

A g



Table 5: Effect of Eu(fod) ; on the Chemical

-

Shifts of the Bridging“Protohs in 74 and 76
. . : 11 ’%
A\ \ . = o

74 .
' 76 R = OH, R' = H
At/C
Cmpd H9A Hgi
’
74 -9.3 + 0.3 ~-18 + 22
76 " ~5.6 # 0.1 . - 6.2+ 0.1,

a) The. larger error ésébciated wifhathe slope

for H98 in 74 arises from some uncertainty

in the exact chemical shift of H98>in the

various spectra.
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77 ' . 68 .

. ~ ° '_‘ "~~ ~
\ S
Havxng now ‘achieved an efflclent syﬁthesxs of . -~

d“d 68 whieh allows 200 g of tiis material to be °

obtained in }ess than four weeks

step in the

preparation of 57 invoives’difuncti Xlon of

" of the double bonds of 68. The opénfng olthe cis

monoeboxide 78 derived from 68 with a met 1at1ng agent

-would 1ntroduce the required trans related hydroxy and

‘methyl groups of §~

Thié conversion was performed using the method
developed by Wilson and Kim' and is fpl{y described in
Wilson's thesis. Their route is briefly described here

¢

; for the sake of continuity. ’ ) e



“precedented

' . .

+ Rfter trying several approaches, it was found
L]

-th#tvintroduction of .the epoxide in the desired manner

could be achieved only by direct epoxidation of diacid
§§ y;th 3—cht?roperﬁenkoic acid in‘a mixture of
dich;o}qmethane and tetrah*ﬁrpfuran.: The product ratio
of éiéland Eggig epoxides was apprbximatgly.?:},_a ragiOQ

[ .

somewhat improved compared with earlier- results. The

- preference for the cis isomer indicates that thére may

have begn some difecting effegt by theucarboiy groups

dufing_the reaction. The product ratio was determined

by examination of the pmr spectrum of the dimethyl 9

esters of the epoxidation proaucts.64

;‘CCXDH COOH

COOH

I

68 68a 80 R = H

The directing effect of a carbox& group (rather

than hydroxy126a'b

126c,d

), if it is indeed operating, is rarely

to the best of our knowledge.. The effect

. may be ratiOnéliZed by examining diagram .68a which more

closely represents the gcometry of the diacid baséd on
molecular models than does 68. It can be seen that one of

the carboxy-groups is almost underneath the double bond which



is epoiidized. "It is possxble that the peracxd was

directed to the underside of the Yqoubie bonh‘by hydrogen °

L}
..

\bondlng with the nearby carboxy group.

‘Lithium dlmethylcuprate127 was chosen over other

methylatxng agents such as methylmagne51um chloride or

v

dxmeﬁhylmagnesxum which attack allylic epoxides primariiy
in a-‘l,2 tashxon1 8 for the reacéion wikn 80, because of the
cuptate’s 1nertness to the estor function and its ‘assumed |
low ba31city The concurrent epimerization of one of
the ;arbox‘ groups during opening of the epowide would
thus be minimizécf. Studies!?? done by -C. ?f'm.of- our
.,laboratory on the reactions of lithium dimethylcuprate
with various allyllc epoxides have shown that & significant
amount’ of 1,2 attack by the transferrlng methyl group .
can occur. For instance, in the case of cyclohexene °

epoxiee 82,'83,and 84 were obtained in roughly equal

amounts with an overall yield of 85-90%. There_uas a
— '

* N

82 - 83 84 - 85

variable amount of 85 (0-23%) produced as the sole

.

by-product of the reaction. 1In 80 the ring system is



95.
. +
. )
puckered, ullike the'g}anar cyclohexenevmonoepoxido R .
system of 82, and thus the double bond is expected to
. particxpate only t6k>-small extent in the methylation
reaction. Thus it was hoped_that very little, if any, Rt

l,4-allylicg attack by the cuprate woyld occur duting

‘the opening of ggs\ebox}de in 80 with-lifhium dimethyl- '
. . "." . . “ .

cuprate.' A

Accordxngly, diacid 68 was. epoxxdxzed as described

above, and was bqnverted, wlthout pur1f1cat10n,,1nto

the correspondlng dimethyl ester 81 by treatment with
PN bl .

L}
-diazomethane. The mixture of-epoxy diesters was then

'd1rectly aqgded to -a cold solutlon of ‘lithium dimethylcuprate.
a4

The reaction was very rapid. Workup and isolatjion

provided a crystalline lactone 86 (mp §5-68°) in an .

overall yield of 25-30% from diacid 68.°® During the

.reaction the alkoxide anioﬁ\téfacked the methy] ester to

provide th§ lactone directly. Strong evidence that

lactone 86 had the indicated structure was provided by its

pmr andg ir'spectra.ﬁ4 The possibility that the lactone



,.t’ . . _' s ' . 96.
. ) . ' -
* . .

might have ltiuctﬁ;o,gz due to epiﬁerization‘during the
methylation reartion was ruled out by Wilsor, ‘Deuterium

//fincorporation studies endorsed this point and also that® ’

lactone 86 with the ca(E?methoxy group in the ﬁaodﬁo-

‘equatorial position yas indeed the mo¥e étabfe:isdmer
: [}

e after all.

u. - . e » . ‘. - :3

Lactone 86 was an important intermediate. All
of the stereochemistry contained in 57 had now'been“
introddcod. The next step in the sfnthesis was ¢he.
reduction of the carbohethoxy groups to methyl groups.

The obvious methodology- applicable to this conversion-

is indicated below. ) - .

: \ } 1.
RCOOR' —D'RCH20H —DRCH2¥ —bRCH:;

(/

X = sulphonate, halide, SR" .

- U .

Reduction of 86 with lithium aluminum hy ride

proceeded smoothly to provide the corresponding #ri-
N .

hydroxy compound 88. Subsequent treatment with two . S

- -



4

uquivalonta of 4 toluenelulphoﬂyf bhlotido qavb ditqul

alcohol -Bg. "In Wilson's synthelia 89 wd- convorted

in*d the cry.tarline ditosyl acetate 90 with acétic | N

b

anhydrldv fn pyrxdine. Direct lithjum a{npinum hydride

reduction of 90 unfortunately led co fftmation,of ether 91..

., ‘

- «=—OTs

91 ’ 90"

. . b
It swas obvxous that a more ‘selective and usllder

130

| b e

.

s
[ ]

C g

reducing agentﬂwas required far the conVQgi%on; At the

time of'wilson's iﬂvestigation, Hutchins

o
that sodium cyanoborohydrlde in hexamethylghosphorlc
trlamlde was capable of reduclng tosylates, Bromides

and_ xodldes to the correspondlng hydroca;bons under

relatlvely m11d eondltlons ‘The reported ylclds are

excellent, often greater than 90%[ and the reagent ig
5 > '

. \ : '
inert to most of “the other common functional ‘groups
. ' é . -

1 reported



98,
~ .

(e.g. aldehyde, epOXide,‘ketone, ester and nitrile).

The ease of the;reduction follows the order of softness

of the leaving group.

I > Br > OTs

¥

Model studies carried out by G. épessard“with -
i
compound 92 prepared from 4-hydroxycyclohexane carboxylic

l,S-lactone131 showed that forcing conditions were

necessary (extended heating .,at 120°; poor yield) to convert

TsO CH3J I
. -—
—te—— X
.
OH OH OH
92 k 94 ‘ 93

~ ~ B

the tosylate into a methyl group. However, if the
tosvlate were converted into the corresponding iodide ?g
the reaction proceeded under much gdentler conditions.
This result is in accord with Pearson's Hard and Soft

Acid-Base Principle,-132 since iodide and hydride ar.

both soft bases.



v

On the basis of thﬁsﬁmodel_study,.gg was

converted into diiodide 95 by using lithium iodide in
133 '

acetonitrile in the presence of mercury, (tp remove
any free iodine liberated), and was theé treated with
sodium cyanoborohydride. This reaction did indeed

Yield desired compound 96 but in a maximum of 25%

based on lactone 86. However, the .result was vé?yloften

not reproducible and there was considerable dehydro—

iodinatidn occurring durihg the reaction producing 9
compound‘gz. Q .
;“\\\
20—y —
FCiAc-CH3

95 96 97

-

The overall conversion of lactone 86 into trimethyl-
cycloheptenyl aceta}e 96 was proceeding in a barely
acceotable yield, and we strongly felt that there was
room for improvement. A more efficient reducing agent
was required for the conversion of a sulphonate ester
Oor halide into the correspondrng hydrocarbon. We felt
that this conversion represents one of the important
Processes in synthetic organic chemistry, and thus wé
devoted considerable time to discover a new methodology
applicable to this conversion. Our investigations led

to the development of a new cuprate reagent134 which



100.

is dlscussed in detall in Part I1 of thls uhesis.a

S8
The free hydroxy group of 90 was first protected

as the trimethylsilyl ether. Treatment of 98 w1th
lithium dihydrbcuprate134c gave an 86% yield of reduced
COmpound 99 along w1th 10% recovered tosylate contalnlng

)7
materlal after overnlght stirring at room temperature.

~OTs
89 —»
~~ CH :
/ g { -?Ts s "'CH3
sic . . Q
o Hily : - OSiCH,),
38 .99

By using the trimethylsilyl ether as a pfotecting
group, 99, a compound equivalent to gg,ban'ﬁow ee
reptoducibly obtained in Qp to‘75% yield from lactone §§.
This more than triplee\the yield‘obtaihed by Wilson's

" route and the working time reduired for thie conversion
is much less. This imoprovement in the synthesis has now .
L4

provided an amount (25 ‘g) of g? sufficient for further

conversion to the final product. ' *’

N .
When ditosyl acetate 90 was treated with the cuprate

réagent, ether 91 was formed. -



2 S . 1on.

a

We now have a compound which meets the |

requirements of a precursor ofr(i)—G. In Wilson‘'s

~

-~

route the double -bond of acetate 96 was cleaved using

/a'Lemieﬁx-van Rudloff oxidation.135 . In our inig}al o
\ . -

stp&iesh silyl ether ?g'was hydrolysed to the
cbrrésponding alcohol 100 with acidic methanol. . The’
géacﬁion was'comp1e£é withih a few minute§'and

was quanﬁitative. Alcohol gg@.wasnfhen acétylated with
acetié anhydridé and pyridine to give 96. Tﬁe conversion

of g§ into ?§ was nearlf quantj ive. When compouﬁd
?QI(derived from‘the silyl ther)-ﬁas treated with an

aqueous tert-butyl Aléohol solut;on of sodium metaper-.
iodate éontaininé a cataiytic amount of p;otéssiumw
pérmanganate, acefoxy éiéarboxlyic acid }9}'was obtained

as a white crystalline solid in,éﬁ% yield. An analyticélly
pure sample (mp 110-111°). was obtained aftgr-oné regrystalli-
zation.” The high resolution mass spectrum of'}g} exhibits
a.parent ion wi;h an m/e of 260.1255, corresponding to the
required formula of CL2H2006' The pmr ana ir spectra of

the prodhct are in coﬁplgte accord with the proposed
structure of }9}- Tﬁere was no melting point depression

of a mixture of samples of 101 prepared difectlyL113 .

Wilson's route and by the more efficient..silyl ether

‘routéeé.



(SR

100 o . 2

- .

Treatment of lgl.with methanolic sodium methoxide
effects hydrolysié of the acetate group, and upon
acidificatioh to pH 1, a white crystalline lactorfic*acid

was isolated in qdantitative yvyield after chromatography

.",<

. . ™
on silicic acid.-

Subsequently we found that silyl ether 99 could.
be subjected di%ectly to the Lemieu#—von Rudloff oxidation. -
Upon acidification during the-Qorkup, tﬁe sil?l.ether
was hydroiysed off and a lactonic acid, identical to
that oSféined zig.phe twd step process outiined aboVe;
was obtained in 87% yield. | - - R



a

~ An analytically pure symple [polymorphic; -
mp 1i2-113°,. 119-120°) of'thé lactoni¢ géid was
obtained ak¥ter one recrystallization. The pmr and ir

spectra of this lactonic acid are identical in all

'respepis to those of the natural Pjerassi-Prelog lactonic

acid (+)-6. [Samples of (+)-6 were kindly provided by
Professors V. Prelog and C. Djerassi.] ' In addition, the

‘corresponding methyliesters g§, prepared from the

14 »

synthetic and natural ‘lactorfic acids using diazomethane,

s s ) . ' < .
exhibit identical pmr and ir spectra. Since the lactone

ring imposes conformational constraints on the acid and -

‘'its methyl ester, the various possible diastereoisomers

. 103,

should display very different patterhs in their pmr spectra

rfor cthe three methyl doublets. This difference was evident

' <

'inlﬁhe pmr Speétra of the diastereoisomers gf,fpreparéd

- by Bergél'son a;d Batrakov94 (see Chapter-.2), althbugh of

course none of these compounds has the same spectra as
our material.. The  six methyl lines .in the pmr spectra

of the natural and synthetic acids-and methyl esters were

- “

calibrated. Agreement in chemical shift valués between
‘the hafﬁral and synthetic'pairs was excellent, as can be
ks%fu in Table'G whigh.giveS'the data, for thp me£hyl
esters. B . ' . .

»

. The results of a pmr and cmr study df (+)-6 are

a

. Sa '
given in Tables 7 and 8, respectively.

v



“lo4.

On the basis of the ;vidénce given in this .
chapter, we are confident thgt qur syntﬁetic &actonic~,‘
Acid is the racemic form of the ﬁjerh;si-?re}og degradation
product. “"9) o . : . -

The synthesi; of kt)-g from thé.intermediatellactone
35 has’bgen achié?ed'ip ah overall yieldvof 65% trigling
the previous yield obtained by Wilson, ' in'additioﬁ, an

efficient synthesis of diacid 68 has béen achieved.
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of the Methyl Signals in (+)'-25-and (+)-25

Table 6:

o

L}

Cnemical Shifts

[y

. -
v ?

Chemical Shift (Hz) from TMS

-

($)-25

.« 125.6

* 119.9

119.6

113.4
'102. 4

96.3

(+)-25

————

125.9

119.8

*118.9
112.9
102.3

96.0
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L]

Table 8: r Amalysis of (+)-6

o

v
-

Signal Chemical Shift ORD Multiplicity Assignment
(ppm from TMS)- | }

6 37.28 | . triplet c

7 41.16 . doublet. C2
8 86.42 doublet C3
. - . ~ - . : —

9 174.63 singlet . C7

10 177.75 singlet . C1




CHAPTER 6

v

THE LEFT HAND SIDE OF METHYNOLIDE

Since the double bond of the a,8-unsaturated
. \
carbonyl of compound 56, a. potential precursor o ynolide,
" has the §‘confiquration, the reaction of a suitab dehyde

with a stabilized phosphorané'dériyed from the lactonic

: . CHy

. 56
acid (#)-6, which constitutes the right hand portion of 56, -
"136

should yield a comEound with the'desired<geometry. The
. (+)-6
‘stereochemistry of the required aldehyde91b is ‘such that-

21methyl-éepentena1 102, the aldol self-condensation product

~ o~

- . ®x . .
of propanal, or its.epoxide 103 can be used in the synthesis.

* .
-Prepared via reduction of 102 to .the corresponding

~ -~

alcohol, epoxidation, and reodxidation to aldehyde 103. -

108. § ' oy
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-

The ltoreochemiatry of the ‘double bond of 102 was

~ -~

conclusively eatabliahed recently137 although 102 haif/

- -~

been known for many years.

- ~»
CM3 H
T .
CH3 '
102
. 1 .
c
CH3 H
. -
CH -
3
103 . CH3 105 c o

G. Spessard carried out model studies to test
this scheme and found that the Wittig reaction did indeed
proceed in the expected manner. Condensation of 102 with

triphenyl (acetylmethylene) phosphorane138 provided the

‘produét 104 in good yield, .and subsequent treatment of

. ”
104 with 3-chloroperbenzoic acid resulted in oxidation

exclusively at the v,8 double bond to produce 105. This

~ e~
-~

epoxide behaved in a normal manner, since the y position
of the a, B ~unsaturated ketone is less prone to develop a

pOSltlve charge in the ring opening of the epoxide

109.



110, .

'dolp&te its beiny more highly substituted, and was
coeverted into diol }gg byitwo phase treatment with aqueous
sulphurjc acid in tetrahydrofuran. * Compound }99 thus
contains all of the stereochemical fegtures nresent in

the C.’-Cl.3 fragment of methynolide.

105 -

-~ o~

Epoxide }9? could also be obtained from epoxy

aldehyde 103 directly. With 103 the Wittig reaction

-~~~
~

Dtoceeds faster and in slightly higher yield than in the

case of 193 Slqye the acyl group employed in the actual

syﬁtheSis of methﬁhplide is expensive, and as one y "

less step is requ1red in the - xeactxon sequence, the use

of‘epoxy aldehyde 103 is to be\preferred
As was outlined previously in Chapter 4, the overall
synthetic route involves the use of an optically active '

left hand portion to resolve the right hand side of the

aglycone during the cyclization process. Rickards et 1.91b

had established the absolute stereochemistry of the left

hand portion of methynolide, and thus 103 wlth the absolute

-

configuration indicated (which turned out to be the (+)-

enantiomer) was reddired for the Wittiglreaction. The

-



\ 111,
. E M

N use of aldehyde (+)-103 in the reaction instead of penteﬁll

-~~~

102 has a turth.r‘advaﬁtaqe as noted above.

-~ -

Since (1)-}9} was readily available, we first «
(/decided to resolve this aldehyde bv utilizing an optically
Active carbonyl reagent. This work was carried out by

H. Ona! He chose hydrazine derivativo }9] a8 the résolving

agent for two reasons: (1) many optically active amines ha&o
‘ ]
I .
- :
. CHy
N
7N
H2N R CH3
’ " 107

~ o~

~
S

become availablg, very often in both the 1+) and (-) '

forms and (2) hydrolysis of hydrazones éfter resolution

139
1 4

Compound }@? was successfully prepared starting

-

appears to proceed satisfactorily.

with a-(l-naphthyl)ethylamine 108,140 according to the N

~ o~ o~ -~

scheme shown on the mext page. Hydrazine 107 was found

v

>~

to react with common aldehydes and ketQnes such as .
heptanal, benzaldehyde, acetone, and cyclohexanone giving
stable hydrazones. However, with 103, the hydrazone -
product 112 was extremely sensitive toward acid, and

chromatograohic separation of the diastereoisomers was only

Partially successful on a small scale (50-100 mg) .



112.

I,

NH2 H/N

0
9
|

SCHO
- 108" . 109

-~ -~ -~ -~

o — I, .— X
~m *CH *CH ,

o= N’N\CH , H/N\CH3

111 110

-~~~
~ o~

AN

We concluded at this stage that the above method appeared

impractical for the resolution of 103, and we decided to

——

resort to a conventional, and accordingly more securé,

- 112



113.

- e
route to obtain the desired enantiomer of 103. - -t

.
btained

~~ ~

The optically active aldehyde (4)-103 was o

from the (+)—dihydroxy acid 115 prepared according to the

method reported by Ber@el'son.l4l Proﬁanal was subjected

O
r 3 CH3 H
O

o
. CHj :

(+)-103

to an aldol condensationt?? to give 102 ‘k{ 1 was

then oxidized with silver oxide to the c .« r&ndin'g

carboxylic acid llg. This acid was then epoxidized

o . . oL o
5. (U\H | , CH, OH
) —_—_— 102 —_—— : ,
CH, -~ | .

113

-~~~

Resolution
(+)-115 -—

~ o~ o~




114,
using hydrogen perox1de and acetlc acid to give 114 which
was 1mmed1ate1y treated WIth aqueous sodlum hydroxide’ to
give the racemic dlol carboxylic acid }}? {/
Resolution of (+)-115 was accomplished with the aid
of E-(+)%threo-2;amino—1—(4-nitrophenyl)-l,3-propane diol.
After.hydno;ysis of the [(+)base-(+);cid] salt, crystalline
(+)-2§,35—Hipydroxy-2§—me§hy1pentenoic acid, meiting peint
149-151°, ‘was obtained in 98% yield. The resolved acid
-had [cx]gS + 13.1° (9“3.02, H,0) which indicated an ggtical

purity of at’leaSt_95% based on the original literature

(vide infra).l941

Acid (+)- llS then was converted into its‘methyl

~ o~

ester 116 u51ng diazomethane.. The (-) -énantiomer of this

ester could not be detected in the omr spectrum (see

experimental). Ester 116 was then cOnverted into

~ o~~~

116 117
' X
-
o o -
CH3 H . . CH3 OCH3
O - . »
CH3 : CH3

(+)-103 ) 118

~
~ -~ . .



mohdtosylate~117 irr 83% yield, and subsequent treatment

with triethylamine effected cyclxzatxpn to compound 118.

~ o~ e~

Careful reductlon of ester 118 with dilsobutylalumxnum

143 ¢

hydrlde produced the des1red optically active epoxy

aldehyde (+)-103.

~ o~ o

118,



CHAPTER 7

COMPE!QION OF THF SYNTHESIS OF METHYMYCIN

‘ Thls chapter is included at the request of
Professor Masamune in order that a. complete report of thev
total synthesis of methymycxn is avaxlable in a 31ngle
thesls. +The experiments in thls chapter were carrxed T
out by H. . Yamamoto and A, Pukuzawa, who worked on the o
-aglycone synthesxs and the attachment of the sSugar residue.
respectively, and by S. Kamamta and W, Schxllxng who contrlbuted
to the development of the mercury(II) reagent used in <‘e

cycllzamlon of methyhollde.

A) SYNTHESIS OF METHynonIDE

4 N . - - .

‘We now have’ avallable the resolved left hand. portlon

(+)-103 and the racemxc right hand portlon (+)-6 of the

aglycone precursor 56. Aall of the required stereochemlstry

103

lle.



of methynolide 14 has been 1ntrbducad'fnto the former two
ffiqﬁents. The problem thus remained to iiih 103 and 6
together, followed by opening of the epoxide w1th

subséquent lactonization to qxve methynolide.

14

’ We began our investigation with a study of
methyl ester 25. -.The é§-lactone ring of thls compound
is very stable ‘and recloses rap1d1y upon acidification

"of the hydrolysed form 119 of the methyl ester. It

, ) o
-6ﬁ "0 CH,
- —— M -
H* '
: crc30 oH
. CH3
119 , . ' | .

~

A
was estxmated that the lactone of 25 is opened by hydroxlde
at-least 1000 txmes faster than the methyl ester is

hydrolysed. We hoped tq make use of this hxgh reactxvxty



o

“ employing a'stabilized phdsphorane14s to open the

lactone. Model studies carried out with S5~ hydroxy-

pé*tanoxc 1,5~ ~lactone 120 were vety successful.

-

~

Re‘bﬁxon of 120 with trighenylmethylene phosphoreﬁe

- 120 ' 121

~ o~ o ? o~~~

—

gave the new ylld 121 and subsequent treatment with
.benzaldehyde prov1ded compound ‘122 in 30% yield.

- However, when the same reaction was attempted on 25

e11m1nat10n occurred to form 123 due to the ba51c

146 '

nature of the phosphorane. Thus- wé were forced;to

-~ -~

o)
CHy
cHO” N ==
Hy CH4
.123 .- . R . .. ‘---,""12'4'R

~ oy~

indi;ect routes in order to_obtain 124. The potassium

salt of 119 could be obtained in quahtitatlve yield by

-~ o~

treatlng 25 with potassium hydrox1de in agueous

H

118.




o

. . . . i 6‘;
tert-butyl alcohol .Because @f the ease of lactone

L4

119,

»formation, uhlch proceeds even at pH 7, the free carboxylic

~

acid 125 could not be isolated. Treatment of 119

~

with phenacyl bromide in an.attempt to £r@p~the

carboxylic ‘acid ‘led to recovery of lactoneé ggl Therefore,

we resorted to ahother more efficient method o trap

either the hydroxy or the carboxy group of 119 defore

ring closure could occur. A reaqent which met these

reguirements was _tert—butyldimethylsi;lylimidazole.147

Reaction of 119 with four equivalents of the imidazole

L3

[ : “
in N,N-dimethylformamide produced disilyated comeoun 126.

* .
Careful partial hydrolysis of 126 with 0.95 equivalents
of pota551um hydroxide gave, siloxy carboxylic acgd }%Z
in.9%0% yleld from lacbone_g§.‘ The carboxy function WQ§,

N .
Corey147 reports that silyl esters are hydrolysed approx-
imately twenty ‘times faster than silyl ethers. ’

<
et

-~

128 o T L.



‘sllyl'ester peaks

';;3,' "

120.

14

" clearly evident from the presence of the hroqd.hydroxy

absorption from 3400 t in the ir spectrum,

accompanied by a cak at 1705 cm~l. .The '

3(95) and t 9.75 (6H) which were

present in the pmr spectrum of 126 were absent from the

~ o

. spectrum of 127, further confirming formatlon of the

carboxyllc acid.’ Since 127 was relatxvely sensitive/

-~ o -

touardi acia (hygrolylto and lactonization back to 25)

and base (elimination to ‘produce 123). transfqrmation ‘of

127 into the correspoudxng.acylmethylene phosphorane

-~ o

" required careful selection of reaction conditions.

Converslon of 127 lnto imidazolide 128 with N,N-carbonyl-

~ -~ T~~~

d11m1dazole,l48 followed by treatment with one equivalent

o S o |
\.. . R’ CH3 . o
o1y — My |
CH R : .
o 3 . ]
CH3 .

136 R' = R = 'Si(CH,),C(CH,),

' = ’ b ! 3

}gz R H R = Sl(CH3)2C(CH3)3
145 .

of salt-free trrphenylmethylene phqsphorane in benzene

. led to the desired Wittig product 124 in 95% yield. al1l

sxgnals in the pmr spectrum of 124 were a551gnable.

The v1ny1 absonptlon appearing as a broad doublet at
T 6. 3 in the pmr Spectrum along thh the 1535 cm -1

absorption in the ir spectrum conflrmed the formatlon of the



o
<¢i:7 N CH
127 ——e N CHy —
CH,4 OR
- CHy
128 . L 129

..’ ~ o~ . AR
\ . . . .

-

R = Si-(CH3) 5C(CHy)

.Phosphorane. An iﬁferestiné\feature bf the pmr spectrum
was the pre;enCe of two methoxy signals at T 6.47 and

6. 53 in the approx1mate ratio of 1:1, We belleve that
‘these two signals are present sihce the product is a

-

mixture of both the s-trans and s- 015 1somers of 124.

. o
H , Hy (Co”s)sp\(u\;‘pc*!a
" H)P : - H -

s—-trans ’ $-cis
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The introduction of the phosphorane proceeds under

orscntially neutral conditions. The ylid 1nitia11yv
lttacks the lmidazolide to produce salt 129 Sincc
the pKa's of acylphosphor‘hes normally range between
4.5 and . 10.13 the xmidazoLe anion (pKa 15) was able
to 1nstdnt1y abxtract the hcxdic methylene proton to

form imldazole and the mew phosphorahe 124 The
B

ule of two eqyxvalents of triphenylmethylene phosphorane -

as reeomlonéed in’ the litetaturel‘s. must be avoided,
since ellminatxon to %23 or its equivalent occurs'
read11y. 3 . "

Reactxou of 124 with aldehyde" (+) =103 in
refluxing tolueneo fJDM days effected condensation
Eo'produce a dlastergq-ctic mxxture (presumably 1:1)
of 130 in 60% yleld Despxte the fact that the product

-~ o~ o~

is obv1ously a mlxture, the pmr of the product was

extremely cleagxﬁndlcgtlng that the magnetic influernce of

one portion, the right hand side for instance, on the-:

other is only slight, as‘'might be expected. Agaﬁn all

pmr signals were assignable. ‘The newiy lnttoduced double

bond clearly had the E conflguratxon alnce there were a
pa1r of doublets in the pmr spectrum at ' t 3. 32 and | .
3.649 with a 16 Hz couplxng, whlqh.ls typical of
trans—coupled vinyl protons. 87 - The ‘doubre bond was

further confirmed by the ir absorption at 1625 cm. l

t

4.

o122,
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and by a\f690 cm"1 peak indicative of an a,B-unsaturated

ketone. Treatment of 130 with aqueous sulphuric acid

~ o~

in tetrahydrofuran effected ening of the epoxide to
'*give 131, a potential methyndlide precursor. This

diastereomeric mixture again showed discernible ir and pmr

' M
120 —= My T s
" Q OR e OR
H CH;
, '8 CH, CHy 3y
. 130 ‘ 131
R = 9i (CH,,C(CH;),

signals attributable to all of the functionalities present
in 131. | |
Unfortunately, all attempts to hydrolyse seco-
ester 131 - to the corresponding seco-acid mét with failure.
Total destruction of the skeleton via-‘reverse aldol s
and elimination reactions occurred. Compound 131 was
thus a dead-end compound without the aid of a suijitable
enzyme (e.g. carboky esterése) to hydrolyse the methyl
‘ester. .
l The successful formation of seco-ester 131 was
- however, ver? encouraging. .It was only necessary to
substitute an appropriate protective group for the methyl

-~~~

ester portion of 131. The pfotec;ing ester must exhibit



-
ty towards both acid and base, Qnd must
also be removed with great ease. It would also be
desirablg if the removal of this protecting group could
be accompanied by lactone formation. The §-Eg££;
'butyl_thioaté group was selected for use in the

modified route to methyno(fﬁe.

When acia chloride 132, obtained from 6 by treat-
ment with oxalyl.chlbride»in benzene, was reactéd with
2-methylpropane-2-thfol, the C, position of thiol ester
-}33 was epimerized, presumably by the hydrogen -chloride
evolved in the condensation reaction. Standard

Schétten—-Baumann conditions gave only about a 50% yield

-of 133, It was therefore necessary to find a more

H3 CH3
132 133

efficient and milder method of making this thiol ester.

As this entire project developed, it became increasingly

Clear that- there was a need to invent a general, selective

procedure for the preparation of thiol esters. A great

‘deal of effort has been expended towards this goal, and

124.
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the satisfactory outcome is di.cuused iﬁ aetail'in Part IT
of this thesis. In the case of the conversion of 6

into 133, the problem turned out to. be simple because

of the availability of acid. chlorgge’132 Thus, the
reaction of 132 with thallxum(I) Z\Nethylpropane 2- thxolate<
was found to proceed quantltatlvely,‘“}th no epimerlzatlon,

. to give 133 This thiol estér wias then reACted turthep

following the methods descrmbed above for the conversion

of 25 into 131, to give-secq—thiol ester 139.
bofus SIS 2 222

. .

133 —— & (134 - 138} . —,

. L
R = SC(CH3)3

R' = Si(CH3)2CKCH3)3

‘The thiol ester funetion survived all the operations as

indicated by the pmr and ir spectra of 2ach intermediafe
(134 - 138) ana 139. These spectra match very well with
those og the corresponding methyl ester compounds, except
of courée for thé absorptions due to the different ester

functions, and age described in Chapter 8 ‘which deals

™~



with the experimental procedures. The g—trans and s-cis
mixture was again discernible in the pmr spectrum of #fle
phosphorane, and the E configuration of the,double bond

introduced via the phosphorane was evident #£rom the -

‘_large coupling between the vinyl protons. The thjol

, : -3
ester has a typical ir absorption band at approximately

?

1675 ‘cm ~ and there is a sharp singlet in the pmr spectrum

‘at about 1 8.55 due to the tert-butyl protons of the

thiol ester.
We first investigated methods for the activation

of thiol estexs in preparation for cyclizing 139 to

-~ o~

-126.

metﬁynolide. Model studies for the oxidative i .
activatiin49 of 140 in order to effeét direct conversion -
into ;ts esters and acid were enqouraging.. The addition of
o) o
SclcH,), OR

~~ o~

140 141

~a -~

three equivalents of 3—chloroperbenzgic acid to‘a 1:3
mixture of 140 and an alcohol in dichloromethane at -70°
and subsequent warming to room temperature, over two
hours, provided the corresponding esters 141 in yields
ranging from 75 to 95%. Alcohols used were methanol,

cyclohexanol, cyclohexylmethanol, 2,4-dimethylpentan-3-ol,



F
J ¥ ‘-‘ o

RS

. - 127.
. -

and 4“methyloct- S—ene—?-one—3 4-diol. Under the above

imhdltxons 140 was OX1dlzed to the a-carbonyl sulphone

142 or to the crorresponding sulphite ester 143

_ @ O (o) B O
) s” ’ oL
. - ’
140 — o $ ~R SS, .
— N ] ) i R
142 ) . 143

P R = SC‘(CH3)3

of cyclohexanecarbdxyllc acid. ‘These 1ntermed1ate’

wgre readily attacked by either the alcohol or th
-chlorobenZOJ.c ac1d present to provide “omoounds }3}

and 144, respectlveiy, at the initial stage ‘of. the

reection. The latter compound reacted further with the
\ 9 e - :
’ O
a )
144 )

hydroxy compound upon prolonged heating, and high yields

of 141 were ebentually attained. 1In the absence of external

nucleophiles such as alcohols however,® 142 and/or 143

~ o~ o~ ~ -~

appear to undergc —complicated series ‘of reactions-

including disproportionation and further oxidation.149

In order to obtain the fréé carboxylic acid, the reaction

was «carried out in aqueous tetrahydrofuran.
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.

However, when attempts were made  to lactonize

.

139 directly using the oxidative activation method,
extensiye formation of what appeared to ée‘a mixture of
t?g énﬁjdride of 145 pnd the mixed anhydride of 145
and 3-chlorobenzoic acid took place. The mixed - e
anhydride with 3-chlorobenzoic d?i&-qqs_CIeariy too

weak to effect lactonization and more}powerful activation
was required. hus seco-acid 145, obtained by oxidative,
hydrolysis of 139 in wet'tetrahydrofurah, was treated

with 1.2 equivalents‘of'trifluoroacetic acid anhydride

in benzene. ' The selection of conditions was difficult,

hd .

~———e—» Methynolide

14-

145

~ o~ o~

R = Si(CHB)ZC(CH3)3
but eventually the above procedure led to what'appéars to
be a maximum yield attainable by this method. These
conditions were sufficient to hydrolyse the silyl ether -
as well as to effecbactonlzatlon to methynolide.

After recrystalllzatlon from ether- heXane, the synthetlc
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'methynolxde was obtained in up to 25% yield. This yield

is based on the amount of the desired diastereoisomer, |

estxmated to be 50%, present in 139. " The fate of the

-~

other. isomer has not been defined but appeats'to be

Al

uncycllzed under- the c0nd1t1ons employed for the

r

lactdnizetion. The 1denﬁity of the synthetic material-
was evxdent by spectral comparison, 1nc1ud1ng CcD whlch
xndlcated 95% optlcal purxty of natural methynolade.

‘ Because of the fluctua;lon in the yleld.and
difficultiesvencounfered in optimiiing the,lac;oniqetion

conditions, a more reliable and direct lactonjzation of

. v

139 to 14 was sought. ‘ ‘ _ ‘ .

150

The elecffophilicity of mechry(IIl, in.pargicular

towards bivalent sulphur (soft-soft combinatibnf, ie well‘

.. e
eknown.lsl Examples .include the oxidative cleavdge of
dithianes. However, it is rather surprising that

' 152

with thicates have received virt
T RN

past except for presumaply only two repprfs which appeared

reactions of mercury(I1l)®and isoeleitronic'Ehallium(III)

Yy no attention irn the

1n the 1920's. Sachs descrlbes that mercury(II) cleaves
—eth;i ethanethloate, with extreme ease, to form .
'Sqlphur—containinq mercuric salts.153 It was hoped that

this affinity of mercury(II) could be extended to the.

formation of esters and lactones from the corresponding,

S-tert-butyl thioates.  Model studies were again carried

out using'}gg. Este(_ESiwation was studied with respect



T 1 . o | . A 130;:
‘tO'feagenf, solvent and'the alcohols to be condensed.

The results are summarized in Thble ‘9, -For secondary.

'tertiary, and hindered primary alcohols, the teaction
proceeds - very efficxently at room temoerptpre wheﬁ
mercury(II) trifluoroacetate in acetonxtrxle is usedf

More recently,’ the corretpondinq mesylate has been used
with even greater euccess. The' combination of merQuS&(iI)f
chloride and cadmiym ce;ponate is. the preferred choice

for the formation of methyl.and'ethyl estere. MefcuryiiI)
‘acetate and thallium(III) salts were found to be 1neff1c1ent
at brlnglng about. esterxflcation . -

| The,react%pn'mechanism-for thefesierification .
'is not entirely clear. It was feund'that in the ebsence
‘of alcohols, a mlxture of 140 and mercury(II)
-trlfluoroqcetate forms.cyclohexanécarboxylic trifluoro- ¢
-‘acetlc .anhydride, as conflrmed by 1r spectroscopy.

However, prelimlnary control experiments appear to 1ndlcate

'that thé efficient ester formatlon with sterlcally hlndered

RCH2?H
*_H

s~ olII)
!
ClCH,),
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llpoholu prdcuodl mainly through co-o,ﬂinatiqn of the'
alcohol with the mercury(II), follpwed by collapse into '
'thc ester and mercuric salts. ~The mixed anhydride is 3.(,e
converted approximatoiy ten times more alowly ‘into the ) o
oxy-ester, under the specified conditions, than when .
the reaction. is carriod out in the pro-.nbc of mercury (II).
“This Lndxcates that at most 10% of the product is derived
~via the mixed anhydrlde. The extent to which_this
co-ordinatlon'process competes with the‘conéentienal
mixed.enhydride pathway aleo seems to depend<idrgely
on the etregtures of tie- alcohols used. “

- . In order to test the’ ‘extension of thls ester1ficatlon
method to the formation of lactones, (+)-0, O-dlmethyl-
zearalenone seco-ac1d ethylene ketal 146105 was u;ed as
4 substrate.  Thiol ester 147, dissolved in acetonitrile
‘at room temperature, cycllzedrxmmedlately upon addltlon
of two equlvalents of mercury(II) trifluoroacetate to give

a near quantxtatlve yield of lactone 148
. ° hd “!

146 R = OH | : 148

~ o~

SC(CH3)3

147 R

-~ .
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Thi's new method of lactonizatjon was then tried

FLE
" on !32. Use of two equivalents of mercury(II) trifluoro-
acetate, - to activate the thiol function of 139, in
ucetonittile effected 1acton1zation to the silylated
methynolzde 149 in one hour. This material was identical
-in all respocts to 149 prepared trom natural ncthynolide.
'The silyl ether was then hydrolyaed w1th a tetrahydro-
.furan solution of tetrabutylammonium fluoride to afforad:

-

14 consistantly inv20330! overall yield from seco-thiol

-~

ester 139. 1In view of the difficulty involved in forming

139

~

—4~————= Methynolide

14

149 .

-~

R = Si(CH3)2C(CH3)3

a twelve—ﬁémbered lactome ring, in particular in the
case aﬁvméthynolide, due to‘&pe expocfed van der Waals
interactioﬁ of the three inner hydrogen atens discussed
in Chapter 4, this yield must be deemed to be a great
succe;s.v.In this way ou; initial objective, a test of
our prediction bgsed on the conformational analysis,

has finally been achieved.
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B) HcoNVERSION OoF METHYNOLIDE INTO METHYMYCIN

In order to complete the :ynthesis of methymycxn 12,
. the only remaining task was to effect glycosylationls‘

of methyholide 14 with desosamine 150

Glycosylatxon of tert -amino sugafs has never

been achleued previougly, and it was anticipated at

the outset thgt th;snwoula present some problems in
completing tbe present task. There’are two functional
grbups attgbged to desqsam%ne at sites othé; thén the
anomeric centre. The hydroxy group at the C, position
can be protected durlng the process of glycosylatlon by

acetylatlon, since it is known that tgﬁ reSultlng

2! -acetoxymvthymyc1n can be hydrolysed to methymyc1n
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-~

The skcond problem involves the“dtnuthylaminb group
at the 3 P on. It was e#pec;ed and indeed was
very évident n/early experiments that if this group .
becomes free (deprotonated) durxng the glycoeylatxon. -
then Ehe basic" nitrogen 1mmediate1y partxcxpates in
tho reactzon at the anomeric centre, resulting in a
_complex, very 6§ten intractable, mixture of ptoducts.
“In order to circumvent this unfavourable s1tuat10n,

several attempts were made, lncludlng the use of compound

151 derived from desosamine, to protect the amino group.

AN

CHy O
CH:"\N _ OH

/ .
CCXDCzHS

These results are elaborated upon in A. Fukuzawa's

research report (March 1975) and are not, included in .

‘thié thesis. Eventually we came to the conclusion that

any médificatioﬁ 6f the amino functionality and

subsequent conversio‘n baék to the dimethylamino group - . 9

~

_éfger'the glycosylation, involved processes which.

normally deseryed the aglycohé and/or sugar moities, 4513
and that the only practical way: to meet the challenge &fli
. A

4

was to devise conditions which would maéntain-the
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dimethylamino grou§ as the hydrochlb de (or bromide)
'durtng the glycosylation It was found after all
that one of the simplegt glycosylation procedures,155
the use of l-bromosugars served the purpose, and thet
any other more sophisticat1p supposedly more selective,
in terms of the a- and B-glycoside lxnkage. methods
presented added complications in the preparatlon of
necessary intermediates. .
- Desosamine. hydrochloride was acetylated using
acetic anhydride in pyridine to give a mlgtute of the
l-a and 1-8 acetates 152 and 153, respectively 6,156

The 1-8 acata}e could be readlly separated by fractional

CH o_ °
. %OAC
- O
(aHgh N A

HCI
152 . 153

-—~ -

. {
Ccrystallization from its l-qa anomer using a chloroform—

ethyl acetate solvent system. Pure 153 was obtained

as a white solid (mp 194-195.5° decomp) in 78% yield,
A typical axiél—axial coupling constant between
vicinal protons on a cyclohexane riﬁg is in the range

Le\

coupling is 2-3 Hz. With this information it is a simple

of 5-10 Hz, and the corresponding axial-equatorial
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matter to identify the a- and B-acetates. There was

a 7 Hz codpling between Hl and n2 of acetate 153,

-~ -~ -

"which is in the expected range for an axial-axial
coupling. ‘The corresponding coupling- in the B-anomer

152 was 3.5 Hz. 1In both anomers, the coupling between

-~ o~

H, and H3 was 10 Hz as anticipated.

2
)‘ Treatment of 153 with hydrogen bromide in a

mixture of acetic acid and aceti¢ anhydride .gave a

quantitative yield of the unstable'1—a-bromo-2—acetoxy

hydrobromide }?5.155 The anomeric assignment was again

based on the coupling between the protons on C1 and

C2 in the pmr spectrum of 154. fThere was a 4 Hz coupling

between these'protons, and thus 154 is the a-anomer.

This sugar was ‘a Crystalline but rather unstable solig

%
(CH 2N AcQ

3, Br
HBr , .
154

-~ o~ .

(mp 159-168° decomp) and the crude product was employed

<

without further purification for the next step. T

With bromide 154 in hand, model studies were

~ -~

carried out in order.to find qi!smal conditions for the
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glycosylation. When one egquivalent of 154 was reacted

with cholesterol using lutidine155 as a saqlvent, a : .

40% yield of the B—glycoside hydrobromide 155 was obtained

-~~~

(mp 252-2%54°) after chromatography. When three .
equivalents of 154 were used, the yield of 155 1ncreased
to 72%. The fact that only the B-glycoside was produced 3
‘was deduced from the characteristic axial-axial couélinq.
of Hl and H2 in the pmr spectrum of the purlfied material.

o
The choice of lutldlne as solvent is clear, since any

O :
ACO CHOLESTEROL
cH )2N |

PN Br

155

-~~~

base str..nger utidine, or the use of silvey or -

Mercury salts to try and increase the yield, resulted

in complete destruction of the sugar moiety, as discussed

earlie{. )

| Use of 2;4—dimethylpentén—3—ol, ]n alcbhbl
more hindered than choléétrol, as the Jé!gtrate '
provided a 67% yield of & mixture of - and é glycosldes 156.

~ e~

The synthetxc pathway to obtain methymycin called

.

for reaction of methynolide with 154 to give 2'-acetoxy-

methymycin hydrobromide 157, with subsequent hydrolysis~

&, -

\
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K . N ]
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- CHy <3O - CH,
CHy N~ AO .
- T HBe . CHy 3
156
- -
to produce methymycin. Before proceeding(wifh the
glycosylation of thg synthetic methynolide, 157 was
prepared from haturally occurring.mephymycin in order
to have an authentic sample of 157 for comparisom. °
Acetylation of methymycin was carried out under
\

157

~ o~

standard conditions and resulted in a mixture of
2'—acetoxymethymycin and 2',1O—diacetoxyme'thymyéin91)a
which was separated by preparativé thig lavyer chromatography

(ptlch. Treatment of the mOnogcotoxymethymycin Yith a

chloroform solution of hydrogen bromide gave a quantitative i
vield of 157. l
‘s‘.

ot
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The syn‘c methynolide was then treated with - o

three equivalénts of freshly orepared 153 in anhydrous

.

lutldlne for 18 hours at 50° The product was isolated

by ptlc, and the ir spectrum of the material was found to

-~

be almost superimposable upon that of authentic 157.

~ o~

The only obsegrvable dlfferonce was a small peak at

» -

1012 cm -1 due to the presence of - the a—glycosxde in the

- »

prqduct. No attempt was made to separate the anomers N

-
@

at this staqe.- . p f. .
' “The m1xtd:;/::;:>\3nd 8- 2'—acetoxymethymyc1n
,hydrobromldes was - then hydrolysed in a mixture of methanol
‘and triethylamine to provxde a readily separable 1:5
mixture of the a- and B—glycosidee. This m;xtdre was

purified by ptlc without difficulty. The spectra of the

synthetlc g- methymyc1n were 1dent1cal w1ch %hose of .

authent1c_methymyc1n. A ' -
Drs. D. w Westlake and L. Bryan of the Department -

of Mlcroblology at the University of Alberta kindly

determineaed the antggicrobial activity of the synthetic

grmethymyc1n (R~glycoside) and its anomer (a-glycoside)

aga1ns&rStreptoooccus p¥Yrogerres group A, type 5. The
synthct;c compound s exhibited 100% and approximately 20%
activitgy, respectively. y .

fhe total synthesis of the macrolide antibiotic
=ﬁethymycin has. naw been~compleﬁed, The majority of the

: . 157
work discussed in this thesis has .recently been published.
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EXPERIMENTAL o , .

All meltlng p01nts.and b0111ng p01nts are

« -

uncorrected.

The pmr and cmr spectra were measured w1th
Varian Assoc1ates1A 60’or HA an spectrometers and a °
.Bruker HFX-10 spectrometer, respectlvely. .Tetramethyl-

silane was usged as an internal standard unless otherwise

stated. All coupling constants are reported in Hz.

In reporting pmr spectral data, the foilowing abbreviations

are used.

S

~e

singlet
d

~.

doublet
* t ; triplet

q ; quartet

quin ; quintet
2 sept ; septet

m ; multipiet

b ; broad /
€ ; complex (one or more smalljycouplings which
. h

overlap the main'splitting).

The ir-“Spectra werc obtained on a Perkin-Elmer

Model 257 infrared spectrometer. All absorption -

positions are reported n cm_l. In reporting ir spectral

2 4
vs .
* . , - * 6
[ 7 ’ . - .
T N

abs:;g}iénsh the jobl'QLng abbreviations are used.
4 F 3
»

"V _ 142, SR
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8 ; strong ‘ - ) : . o
m ; medium
- weak

b ; broad_

-e

The mass spectra were obtaihed with A.E.I. MS~2
and MS-9 specﬁrometers.o .
The glpc analyses were performej on a Hewlett-

Packard model 7620 researcn chromatograph equlpped

. ~ o
with 1.8-m, columns’ (packing indicated in the
CEEN ﬂ

text) and.ajéﬁ méhioniiation detector. v .
The pH 7 buffer solutlon was prepared by
dlssolv1ng potas51um dxhydrogen phosphate (9.1 g)

and disodijium hydrogen phosphate (18.9 gq) in ‘water and

‘ adjusting the. total volume to 1 1. . ' i.o
/\ ‘_. @

All reactions were carried out under a dry
‘argon atmosphere; A rotary evaporator (water aspirator)
was used for the removal of solvents frq- all reaction

mlxtures unless otherwxse -pec1f1ed. h

Bisfumaronjtrile Niockel (0) - » e P
. = :

) . - . . ., . ’ .

the reaction was carried out “in a fume hood

xbecauée of the tokicity of the nickel(0) tetracarbonyl.

: . 117
The procedure used was, that' reported by Schrauzer.

Nickel(0) tetracarbonyl (ca. 5 ml, 38 mM)

’ . R o
was' added to a solution of fumaronifrile (2.0 g, 25-mM) . 7
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1n anhydrouscucetone (30 ml) The orange—red mixtare : .

was ‘refluxed (dry-iefﬁaeydcnser) for 6 hr and ‘then ehe

heat source was remou}d“_ The reaction mixture was stirred

at room temperature for 18 hr in order to allow thoo .'>_- .

]

N -

excess nickel(O) tetracarbonyl to evaporate. The --

red-brown pyrophorlc complex waa collegted by filtratiOn

through Cellte to give 5.4 g (100‘) of product whxch was

‘used directly . in the subsequent dimerization of 4

Etube We do NOTrrecommend this method unless the

'.norbornadxene. The filtration was carried‘but in ep
‘ argou-f1lred gloxe bag. - '

-
<

il

' ?entacyclo[B.Z.l,154'70.2'993‘affetradecanes (70-;5) L

E ' The\proeedure used was tﬂ?t reported by Schrauzer
116

-and coworkers who carrlee/eut the reactiOn in a sealed

’ .

-

reavtlonrvessah is pldted inside a. heavy-walled steel .

apparatys. DUrxng our 1n1t1a1 experzments an exp1031on

occurred when‘the reaction wasqairrxed out w1thout this

precaution, The exp1051on completely destroyéﬂ‘; blast

‘shield and caused extensive damagelto the fume hood

in which the reactlon was carrled out A

"A. mixture of b1cyclo[2 2.1)nona-2,5-diene
(375 g, 4.1 M), bisfumaronitrile nickel(0) (10.5 g, 50 mMﬂ;
and triphenyl phosphine (42 g, 160 mM) was added.te an
argon-purged pressure bottle (ca. 1 1 capadity; S_mh

thlck ‘walls). The bottle was.coolea to Q‘; evacuated and
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-, )

a

‘aealad.' Tho bottla waa than placed. inaida a atqinlaaa
' steel hydrogenation apparatus and tha raaction haated
to 100°. After 48 hr the reaction was coolad to room
temperature and th%ihydrOgenation apparatus cautioualy
opened The presaure bottIe was cooled in an ice bath,
opened, and pentane (400 ml) was added to” the flasgk.
The - mixture was vigorcusly shaken and then filtered
fthrcugh Celite. The filter pad was washed with pentane
~(2 x 250 ml) and the combined filtrate was concentrated
to afford 350° g of a dark brown liquid, Diatillation of
this residue gave 285’ K| (76!) ot a colourless mixture

‘of dimers (5p 60°, 0.3 mm) conaisting mainly (ca. 808 as

"estimated by gas chromatographic analysis) of the endo-

- anti-exo isomer 1. IR : T

This dimeric mixture was formerly available from
Aldrich Chemical Company Inc. The pmr’ spectra of, the

commercial product and our synthetic dimer are identical

pmr (cc14)._'r 3.5-4. 1 (m. 4H). 7.0-7.5 (m, 43), 7.9-8.5
| “(m, w), 8.5-9.0 (m, 4H)

glpc: - Reoplex, 140°



Bicyclo(4.2.1)nona-2,4, 7-triene (69)

An abdbreviated account of this prcparation hao.

. been reportod by Cadﬁell.lls

A more detailed description
of the reaction conditions is given bele |

v The pytolylis ot the norbornadiene dimers was
carried out in a flow system. The cracking colufn

. connilted of a py}ex-tubé”(z.s x 35 cm) - packed with'
qlass bcad; (3 mm-in‘diamoter)' The column had a

linqlo row of. vtcrcux 1ndontattons at the htoo in ovdor

to support the glass beads.' The ¢olumn was placed.

_ vemtically into a Lindberq Hevihnut§ pyrolypis 6v;n-or

. was wrapﬁed‘with'"ﬂeat'by hhe‘Yard“ tape and an insulating

layer of a-bestqs cloth A slow, constant flow ol-atgon
(ca. 30 ml/min) was p888ed downwards through the pyrolylis

.‘column and a three-necked receiving flask (-40’) The.'

pyrolysis bed was heated to approximately 400°. The
temperature was moA;tored by the pyrométer attached to

. the pyrolysis oven or, if'the.hedting tape was used, by

a chr;mel-alumel.thérmocouple,'sheathed in Stainiéss» '

. pteeliénd inserted-direétLy into the pdcked-bedz The

'nOtbornadmene d;met was introduced by means of. a ‘
Hershberg dropplng funnel at a slow,- constant ratg

:(one drop every 6-10 q!c, ca. 10 ml/hr) into the

: argén stream {t the top of the pytolysis.column;. The

condensed effluent wag concentrated (20°, 10 mm) to °

&

N
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rcmove cyclopentadiene andtfractionaily diotillod
through a 30-cm Vigreux column to atford pure triene 69
(bp 50-52°, ls-mm) in 774 yield.

The flow rate . anad temperature given above i.
only a guxde since the’ product distributxon is a
Iunction of both temperature and contact time. Early
cracklng fractionc should- be checked by pmr spectroscopy
in o:dbr‘tobennute that aromatic material, charactetized

bj an ebcorption at v 2,75, is: not present, and that a

fi‘tubstnnticl a-ount of thc di.nr 1. not betnq tocovorod

The temperature and/or flow rates are d&gp adjusted to
obtain the optlmuﬁ c;acking.conditiona.

This system allows approximately 1000 g. of
dimer to "be cracked over a four-day period if ‘the pyrolysiav‘
ia carr»ed out continuously. Each day -the pyrolysate
was concentrated, combxned thh the material collected

on the prevtpus day, ‘and stored at -30' in order that

only one dﬁiti‘}‘t;on had to- be cartxed out.

-.~.

“pmr’(cC1,) 3 euma 514(m, 4H), 4.87 (m, 2H), 6.93 (bt, 2m),
- 8.07- (dt, Jd = 11.5, J_ =6, 1H), 8.7 (4, J =

~

11.5, 1H)

glpc: Reoplex, .110°



" . . T, .. . ) ,. . . , . . .
. L { T 148,

. < : o '
(+)-exo-Bicyclol4. 2. l)1nona-2,4-dien-7-01 (74)

P

-

1ho procedure outllned by Hoozn'ob wan tollowed
tor the preparation of bis(3-mothy1 2-buty1)borane.
A solution of 2-methyl-2- butene (71. S g, 1.0 M)

'in anhydrou- tetra ofuran (100 ml) was added dropwise

over 30 min to a ld (5°). stirred solution of diborane
- {0. 93M, 540 ml, 504 mM) in’ tetrahydrofuran. The solution
»of dialkylborane was\stirred for 3 hr at 5° and then
was added dropwise over 35-(5 min to a cold (O -59), -
. stirred lolution of bicyclo(l 2. 1lnona -2,4,7-triene 69
(55 g, 466 mM) in anhydrOus tetrahydrofuran (150 ml)
Upon completion of the addition, the mixture was
'stzrred at 0° for 2 hr, and then at room temperature~
for 18 hr. The reaction m1xture was cooled to 0 -5°

and hydrolysed by flrst adding aqueous 3N sod1um -
hydroxlde (175 ml, 525 mM) 1n .Beveral portxons and then _ i " -
aqueous 30% hydrogen peroxxde (160 ml, 1500 mM). The |
hydrogen peroxide was added at such a rate that the
temperature of the reaction mixture remained between

30° and 40° The resultlng cloudy mixture was vxgorously
stirred for 2 hr at room temperature and then extracted
with ether (3 x 350 ml)-. The combined ethereextract was .
washed with wat%r (350 ml) and aqueous saturated sodlum

chroride (350 ml), drled (Nazso ) and the solVent

evaporated The by product, 3-methyl-2-butanol, was
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 removed by dintillation (bp 110-115%, 760 m)' and the
) toliduo was tactionally distilled to give, 47 6. g (75\)

of 74 as a-low-melting crystalline sglid (bp 64-70' f

0.2 mm) . |
Sir (CC1,): 3626 (m), 3348 (bm),. 3025 (m), I597 (w),

' 1029 (s) o -

phr (cc14$,; T 3.75-<4.65 (m, 4H), 5.78 (m, 1H), ‘

' ' 6.2 (bs, OH)., 7.21 (m, 1H), 7.38-8.78 (m, SH) .
glpc; Reoplex, 129‘ '

' Alnﬂihum tti-tert-butoxide - .

1

The reaction was carried out according to the.

procedure reported in Ofgqﬁic 5xnthesis.¥22 The te}t*butyl

alcohol was distilled from calcium oxide.

Mercury (1I) chloride (ca. 1 g) was added with
vigorous shaking to a gently reflux;ng mxxture of aluminum
foil (128.g, 4.74 g-atoms) which had been crumpled into -
small loose spheres, gggg-butyl_alcdholi(400‘g, ;io ml,

5.4 M) and. aluminum triiéopropoxide'(lo g).’ Tﬁe

reaction mixture turned white; and then .over 1-2 hr, black.}
After the redction mixture had turned black,. the heat

source was removed and Egss-bﬁtyl.alcohoi (48? g, 620

ml, 6:6 M) and anhydrous benzerie (400 ml) were added.

The reacgiOn'uas initiated again with gentle’heating, f

after hhich it continued to reflux without any external
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_haitinq fb:ié-q hf. The reac:#g. Qixture'was‘then

refluxed for 18 hr. The benzene dnd'excess.ggss-Qutyl -
":alcohol wifo distilled off, and anhydrous ether (ca. 2000 ml).
was added. The mixture was refluxed briefly'to'dissoive"

the product, and after the éolution.had cooled to room
temperature, wet ether (75 ml) was adaded, follo(ed ﬁy
Qigorous ;hakfﬁg. The mixture w;s allowed’ to stand for

2 hr {nd was then cenkrifuged. After decanting the
supernatant ether, the reaidual squenf was evaporated

’

and the product was finely ground, and then dried for 5 hr

.

under reduced. pressure (0.0l mm) to give 780 g (80%) ‘
of a light grey powder. '

(+)-Bicyclo(4.2.1]nona-2, 4-diene-7-one (75) .

- a) Oppenauer Oxidation

k)

Commercjal 98% 4-bénzoquinone was used without

1Y

further pﬁrificatfon. If the quinone is not of this
pu;iﬁy-it should be reérystallized from hexang or
sﬁblimed before use. The quinone must be bright lemon
ye}low in colouf and should nqt appear at all green‘

The proceddre for. the Oppenauer oxidation’%utlined by

 Wiberg et a1,121a'and‘by'81y and Bly.lzlrb was adopted with

certain modifications.

&N
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l"inoly powdered aluminum tri~ _t_e_l;‘;-putoxido (150 g,
610 ) was added to a sblution of eno a¥cohol 74 (75 g,
550 mM) ana 4—benzoquinone (265 g, 2. 45 M) in anhydrous -~
‘e‘perA(B .2 1). When heated to reflux, the salution
quickly developed a deep purple colour and _ a prdtipitate
‘formed. After refluxing for 24 hy, the mi}&ure #l. . . ".

cooled to room tempetature and cautiously hydrolysed

with aqueous 3N hydrochloric acid (500 ml) Th‘E’Eh;
layer was decanted, and the aqueous phase was extractel
with a further 750 ml of ether. The combined ether layer
" was washed with aqueous 3N hydtochloric acid (4 x 250 ml),
aqueous lN sodium hydroxide (6 x 250 ml, or until the
ether was almost colourless), and agqueous saturated
'sodium chloride (2 x 250 ml1). Tne ether was evaporated,
and the residue was taken up in dichloromethane (500 ml)
and dried (Na,s0,) . Evaporation of :Hg'solvent at s°
-and flash distillatioé of the resulting yellow o0il g

55.3 g (75%) of the desired ketone.3§ (bp 50°, 0.4 mm).

b) ELromate Oxidation"

The procedure for the chromate oxidation outlined
by Rao and Filler123~was used with slight modification
exo Alcohol 74 (13.6 q, 100 mM) was added to a SOlUthh
'Dof NaZCrZO 2H20 (29.8 g, 100 mM) in dimethylsulphoxxde
(150 ml). The solution was cooled in an ‘ice bath, and

concentrated sulphuric acid (22 ml) was added at such a
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rate that the reaction temperature‘remained between
60° and 70°. Upon completion of the addition of the acid,
the régction Mixture was heated ;t 70° for 30 min before
being poured into. 1ce/water (600 ml) . The aqueous:phase
was exttacted with ether (é x 500 ml). The ether layer S
was then dried (Na SO )Y a:a e;;porated'r Distillation o
of the residue gave 6.9 g (50%) of the desired ketone.
ir (CCl,): 3044  (m), 1743 (s), 1596 (m)
pmr (CCl,P: 1 3.67-4.629(m, 4HF, 6.73 (m, 1H), 7.09
| | (m, 1H), 7.41-8.00 (m, 3H), 8.23 (ht,

Jd = 12.5, J, = 1.6, 1H)

9 10
measured: m/e = 134.0728

‘mass spectrum: calcd for C_H m/e = 134.0732
glpc: Reoplex, 170°

(i)-endo-Bicyclol4.2.l]nona-2,4—dien—7-ol (Z§)

A solution of ketone 75 (2.15 g, 16. 0 mM) in ether

(25 ml) was cooled to -Y8° and treated with aﬁ pther . \ ‘ff

solution (1.64M, 5.5 ml, 9.0 mM) of 11ch;umfa1bhan&5" 'G?k'

. ' ‘& "*rﬁk ;a
hydride. The mixture was stirred for %% h1ﬁ« t 0° q%

N
%
e ﬁ‘- k
1

diluted with ether-(?S ml), and hyqrolyséd b§ ;uﬁ

. " ’
successive addition of water (0. 3!5:1) aqueg&"}n,sogiﬁm T
hydroxide (0.50 ml), and wdter (1. 0 ml) ‘Aftef stxrrlng ’
at room temperature for 1 hr the mlxtu S flltened

through Celite. The filter pad was thar hly«washei

-

{
‘¥
R |

¥ -l
‘.
A
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’

with ether (50 ml), and the combined filtrate was dried
(Nazso ) and the solvent ovaporated The residue was

flash distjilled to give 1.96 g (90%) of 76 white

crystalline solid (mp 35.5-37.5°),

ir (CC1,): 3630 (w)® 3582 (m), 3440 (s), 1080 (s) .

pmr (CC14): T 3.80-4.60 (m, 4H). é.73 (de, Jd = 8.7,

Jy = 6.5, 1H), 7.18 (bg, J - 6, 1H),
7.47 (bg, lH), 7.64-8.57 (m, SH)

(t)-Bicyclo[4.2.1)nona~3-formyl-5,7-dieh-2-one (77)

< A procedure similar to that described by Alnsworthlz4
K

was used. Ethyl formate was dried by distdllation from
phosphorus pentoxide. >

Q solution of ketone 75 (62.5 g, ¥6F mM) and
anhydrous ethyl formate (60 ml, 54.5 g, 735 mM) ip
anhydrous ether (100_ml) wag added dropwise ovér 30 min
to a cold (5°), stirred suspension of sodium hydrides ' ‘

”°

(50% dispersion in mineral oil, 50 g, 1.01 M) and.98%
ethanol (4 ml) in anhYdreps ether }1.5 1. Tﬁi i"
reaction mixture. was s&if}ed at room temperature for 18
hr and then treated with a further portion of 98%
ethanol; (20 ml). After an additiona& 1 hr stirring,
water (400 ml) was added to the reaction mixture. After

approximately 10 min, two homogeneous layers formed.

The layers were separated and the ether layer washed

<

P

A
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with watér'(3 x 250 ml). The combined aqyeous solution
waé’wi;hed witﬁ ether (3 x 250 ml), cooled to S°; mixed
with dichloromethane.ﬁGOO ml), and finally acidified to

pH 1-2 w;th aqueou§ 3N hydrochloric acid. The dichloro-
methane 1aYér was separated and the aqueous Eoiution
extracted with dichloromethane. (3 x 400 ml). The cbmbinedﬁ

dichloromethane solution was dried (Na 504), and the solvent

2
eyaéo:ated_to give 64.0 g (85%)‘of‘crude 77 as é pink
solid (hp 112-115°). The product was of sufficient purity
for diréct use in the subsequent cieavage }eaction.
ir (CHC13): 3600-2500 (bm), 1673 (s), 160Q (s)
pmr (CC14): 1 1.07 (bs, 1H), 2.73 (s, 1lH), 3.50-4.41

"~ (m, 4H), 6.60 (bt, 2H), 7.35-7.87 (m, 1),

8.26 (4, J = 11.6, 1H).

cis-Cyclohepta-4,6-diene-1, 3-dicarboxylic acid (68)

The procedure for the periodate oxidation
reported b; Cornforth, Cornforth and Popja)ylzSb was followed-
with cerfain modifications.

.A solution of sodium metaperiodate (121 g, 568 mM)
in water (800 ml) was added rapidly to a cold (0-5°),
stirred solution‘of the crude hydroxymethylene ketone 77
(30.2 g, 186 mM) in dioxanc (400 ml). Upon completion
of the addition of the periodate solution, the cold

reaction mixture wa  diluted with water (800 ml).
X 4 ° N
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Stirring and cooling were maintained for 1 hr during

which time aqueous 3N sodium hydroxide (130 ml) was
added dropwise to mainﬁain the pH of the reaction .
mixture at 4.5-5.0. Akyhite prgcipitate'appéared-IOCaliyv

- . [
where the sodium hydroxide on was. added, and after

‘20 mim a copious precipit d in the reaction.

"‘ o h <
The mixture was dtirred at room temperature for 4.5 hr, -

-filtered through Celité and.the f(lter pad wa;heé with

.. dioxane (2 x 200 m15. The combined filtrate was con-
cen;rated by evaporation to approii@ately‘lsoo hl,'écidified
to pH 1-2 with aqueous 2N sulﬁhuric'acid, extracted with
ether (1 x 500 ml), saturated with sodium thloride and
agdin'qxtfactcd wiyﬂ ether (4.x 500 ml). The ether
extract was washed with aquéous-saturated'bar;qm carbonate
(250 ml) to remove residual sulphuric acid, and ther/with
aqueous saturated sodium chloride (250 mlf. The-ether
solution was dried (MgsQ,) and Zvéporated to give a brown
solid which was suspended in-dichloromethane (106 ml)

and filtered to afford 32.0 g (94.5%) of-diacid 68 as a
light yellow Qranuiar ;olid (mp 286-288°, decémp). The
pmr of the dimethyl ester af this éfoduct contained no

64

"signals attributable to.the trans-isomer. An analytical

~

sample was recrystallized from ether-hexane.

"1r (KBr): 3600~2000 (bs), 1680. (bs), 1232 (bs}J, 1250 (bs)
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pmr: ;The sample was prepared by suspending the.diaéid’
in Dzo (0.5 ml) and addfng the minimum amoungt
' o, C
of a D,O04sBlution of §aoD. to effect the complete

dlssglution of the dlacfa The pH of the solution

<

was 6. An external tetramethy1511ane standard

is used.

T 4.00-4.40 (m, 3H}, €.50-6.95 (4, 2H), 7.44-8.33

(m, 2H} . . | TN

R4

9 10 4’
found: “C 59.39, H 5.62

elemental analysis: calcd for C_H c 59.33, I 5.54

Diazomethane

E:Methyl-ﬂ-nitrOSOurea (10.5’9,-100 mM) , purchased
from TvrochomQCo:, as added in small portions to a gently
stirred mixture of cther (100 ml)'aﬁd'aquoous 50%
potassium hydroxide (35 ml) over 1 hr at 0-5°, Thc;decp
vellow‘etbor solution was then decanted onto potassium ‘
hydroxide pellets and stéred at -20°nfor at least 2 hr
in order to dry the soﬁktxon Thq‘diaZOmctpane
‘ concentfatxon (ca. O.SQ) was détérmincd by reaction of

- ) .
an gliq};qt"of the solution wi?h excess (benzoic sacid,
followed by back titration of the unrcacted acid‘with

aqueous 0.1N sodium hydroxide.’ BN

15%.

E3

-
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Dimethyl cis-Cycloheptae4,6-diene-1,5-dicarboxy1ate,(66)‘
S Y ,
' Methanol was added to a suspensxon of .diacid 68

(100 mg, 0.55 mM) in ether (2 ml) until the acid dissolved
After treatment with excess ethereal dxazomethané, the

solvenf'was evaporated, the oil dlssoived in dlchloro-

“methane (2ml) and dried (Mgso ). Evapgtation‘of th. -
solvent gave 116 mg (100%) of 66 as a colourless 011
No signals attributable to the trans- d1ester64 were

Observable in .the pmr ‘spectrum.

~—

ir (CHCl,): 1740 (s), 1437 (m) ,
pmr (CDCly): 1 3.80-4.36 (m, 4H), 6.28 (s, 6H)

6.50 (cd, J .= 1o, 2H), 7.47 (cdt, Jd = 13.5,

J_ = 3.6, 1), 7.82 (dt, J, = 13.5, J, = 11.5,

t d
IH) .

glpc: UCW-98, 190°

Purification of Copper (I) Iod.de

The procedure of Kauffman and Teterl>8 was used.
Cémmercial EOpper(I; iodide (225 g) was .dissolved
in-aqueous saturatcd potassium iodide (2260 g KI 1n\{jsq .
ml of w;tcr), and the reéu{ting brown solutkon shaken ﬁith~
decolourising carbon (ca. 10 g) for 10 min. Tgé,'l ‘
mixture was filtered through Celite and the ye}lSW filtrate -
diluted with water (5000 ml) to produce a copioui
precipitate thch was co%deivcd by filtration. The
v J

¥



e S : C 188y
. SRR 198,
- . R e . .. .

eopper(I) iodide was .washed wigh water (dqu 250~m1), °
reagent acetone (4 x €50 ml) and anhydrous ether

(4 x 250 ml) ) and finally dried’at room temperature unde;
reducéd-pressu;o (6.01 mm) for 18 hr to yield 169 g

(75‘) of a very pale Yellow solid. The purified

‘copper(I) 1od1ﬂe ia stable for several months if it io - -

protected from the. atmosphere.

» [N

(1)-dimethy1 1»S—Epoxyoyclohept—G—ene4l,3-diéarooxylate (81)

A solution of diaéid 68 (10.0,9. 55 mM) in dichloroj
mcthane (300 ml) and anhydrous tetrahydioforbn (120 pl)
wa treateo with a solution of 3~chloroperbenzoic acid
('§?§ 13.2 g, 64.5 mM) in dichloromethane (250 ml).
“fteristir;ing for 24 hr theisolution was cooled to 0°
and osterxf;cd with. an excess of ethereal diazomethane.

The solvent wasg evaporated and the re91due dissolved in

dichloromethane (150 ml) and dried (Na SO ) ‘ Removal,-

t of the solvent then afforded a mxxturc of epoxides ﬁé,and

4

methyl 3- chlorobenzoate as a colourless 11qu1d whz‘h was

used Jmmodxatcly in the next reactaon.
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(+) ~Methyl 4éMethyl-7-oxd¢6-oxabicycto{312.2]non—2-ene-9-

carﬁoxylate.(gg)

‘e
In preparation for this reactioh, all traces of .

water Were removed from the mixture of moneopoxidel 81

by coavaporatiOn w1th anhydrous xylene at room tamperature.'
An sther -olutior of - n.thyllithium (1 6M, 35 nl,

220 mM) was added over 10 min tb a stirred suapensLOn of

purified,COpper(I) iodide (21 g,.llo mM) in anhydraus

‘ether (500 ml) a;'¥30?. During the addition, a yellow

precipitate of methylcopper appeared which dissolved as

the second equivalent of methyllithium was added, to .

afford'a-ﬁale tan solution. The lithium dimegthylcuprate .-

-

gsolution was stirred at ~30° for an additiena1<30 min,

~

and then a solution of the crude mcnoepoxides 81 in

anhydrous cther (200 ml) was added over 5 min. The

’

resulting yellow suspension was stirred at -20° for 1.5

hr before rt was quenched with aqueous saturated ammonium

chlorrde (500 ml) The reaction mlxture was stirred

.for 30 min at 10-20°, the ether layer decanted and the

adueous layer extracteg with ether (4 x 100 ml).

[The colourless aqueous laQer rapidly became deep blué

when exposed to air.]) The combined cther solution was

washed with aqucous saturated sodium chloride (2 x 100 ml).
The solvent was cvavorated, and ‘the residue dissolved in

dichloromethane (100 ml) and dried (Na2804). éva;bratibn"
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og'the lolveﬁt, followed by . chromatography of thQ yellow

-rocidue on silicic" acid (500 g, cﬁﬁonoform) atfqrﬂcd

the desiYed. lactone as a white solid. Racryutallization

from cyclohexene gave 3.12 ¢ (27\) of pure 86 (mp 65- (8') o

bused on - the starting diacid.
.

(eDC14)e L T 4,19, (daa, 3 = 10. s, 2.2, 1wy, -
" 4.48 (aat, Jg = 10.5, 0.9, J, = 1.5, 1m),

’13): 1741 (s)

" 5.22 (cdd, J = 3.7, 1.0, 1H), 6.25
(s, 3H), 6.73-7.20 (m, 3H), 7.51 (m, 28,

¢

8. 87 d, J = 7 3, 3H) '
elementatl .analysis: calcd for Cll"l( 4t - Q 62.84f H 6;?1‘
' found: C 62.83 H 6.80
glpc: UCW-98,° 210°

L'y

(+)~3R 5R- thydroxymethyl 6R-hydroxy 7S—methy1-

-

cyc]ohcpt l-ene (gg) . o ?

A solutlon of lactone 86 (10.5 g, 50 mM) in-
anhydrous tetrahydrofuran (150 ml) was treated at 0°
with a tetrahydrofuran solution (1. OM, 200 ml, 200 mM)
of lithium aluminum hydride. The1pilky white susperfsion

was qent}y refluxed for 18 hr, cooled to 0° and cautaously

hydrolysed thh aqueous tetrahydrofuran The mlxture

was then stxrred at room temperature for 1.5 hr, fxltered
. ,\.

L o SV R IV I
3oyt .



. ‘'was evaporated and’!re residue dissolved in methenoiic

through Celie, and the filter pad washed with anhydrous
tetrahydrofuran. (4 x 100 ml). The combined filtrate

lume, 100 ml) and dtied (Na. 80‘-

Mgso‘, 1:1 by weight) Evaporation of the solvant gave

chloroform (1% by

9.3 ¢ (100!) of triol 88 as a colourlen: qlas..
The triol was converted into a9 without further purifie’tion.

v .
'

~ . .
N . . L. -7

»

(+) JR SR—Di(4ﬁxoluenesulphonyloxymethyl) 6R—hydroxy- *

- 7s«methy1cyclqﬁ,bt 'l-ene (89)

. In preﬁixetioh for thin reaction, trace amaunts of
water were rembvéd from tr101 88 by coevaporatxon with.
anhydrous b?;xdine ‘at ‘room temperature

A solution of #riol 88 (9.3 g, 50 mM) and 4-tciluene-
su]phonyl chloride (19/; g, 101 mM) +in anhydrous pyridine .

(125 ml) was stored at.p° for 24 hr. The mlxture was

- concentrated under reduced preéssure (0. 01 mm) to

' approximately 25 ml gﬁured ‘into cold (5-10‘) aqueous

'(4 x

IN hyd ochlorlc ,acid (200 ml) and extrected with ether
IZS ml) The comblned ether extract was succe551ve1y
wasth’thh aqueous 1§ hydrochle;:E\Etie\igrx 100 m1), ;
water (2.x 75 ml), and aqueous saturated sodzum ohloride
(75 ml). " The ether was evaporated and the re81due
dxssolvéd in dlchloromethane (150 ml) and drxed (Nazso ).

Removal of the solvent gave 21.7 g (88%) of oily gg.

-"\“w "." _.. ‘I f‘ i ‘,“‘\-" »' g L ' . - v, _.. o I-.l.

o~



This compound is un-tabl& towards lilicic acid
chromatography and was u:ed dir.ctly 1n the next reaction.
tr (cnc13)a 3570 (bm), 3035 and 3010 (m), 1600 (m),

o 1360 (s), 1178 and 1190 (8) o
pmr ¢Dc15)z__ 12.10-2.86 (m,8H), ‘. 41-4.64 _(m, 2H),
o 5.86-6.39 . (m, 55;, 7.30-8.40 (m, 9H),

8.70 (m, 2H), 9.04 (4, J = 7, 3j),
,7:55 (s;.aryi-CH3)

2204°25 (P-T8OH): m/e = 322.1239

. .mass spectrum: calcd for C,wH
measured: m/¢ = 322,1245
AR €

N .
. . * L]

a
.

(+)-3R, SR-Di (4-toluenesulphonyloxymethyl) -6R-ace toxy-~ x

-

T‘\\\\<\ngmethylcyclohepﬁel-ene (90)

solution of:alcohol 89 (494.6 mg, 1.0 mM)
and acetié¢ inhydridg.(GIS‘mg, 6.0~mM) in.anhydfous
Pyridine (é 0 ml)'was stored at 0° for 48 hi. The solvent
‘wa's then removed under QeduCed ptessur'e (0.01 mm) .
The residue was dissolved in benzene-pentape (1:1, 25 ml);
. washed with aqueous 1IN hydrochloric acid (5 ml) and
agqueous s&turated sadium chloride (5 ml), -and dried

SO, ) Removal of the ‘solvent " affo:ded a pale y“dow

(Na2 ow
N viscous 011 whlch slowly solxdlfled Recrystalllzatxon

from ether-~ hexane (1:1) gave 467 mg . (87%) of 90 as fine - °

white crystals (mp 114-115°). .
N X
: L

L
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- -4r (CHCl4)+ 1738 (s), 1602 (m), 1370 (bs), 1100 (s) -
1024 (m), 975 (bs)-

163.

pmr (CCLyy: 1 2.17-2.61 (m, 8H)y .4.28-4.88 (m, 2M),
' 4.90-5.22 (m, 1H), 6.1 (m, 4H),
7.15-7.90 (m, 9H),-8.06 (s, 3H), e

8.36-8.87 (m, 2H), 9.05 (d,. J=7, 3H)
) C , :
i T 7.52 (s, aryl~cH,)
ele@ent§1 analysis: calcd for Cao6H3205,: € 58.19, - H 6.01

found : C 58.65, H 6.20

S
-

Reaction of 90 with lithium dihydrocuprate

. “ -

An ether sblhtidn (1.6M, 3.75 w1, 6.0 mM) of
methyllithiﬂmiwas~added to'a stirred suspension of
purified coppoer (1) iqdiée (576 mg, 3.0 mM) in anhydfous
‘éther (10 ml) at -30°. "To the pale yellow solution of
lithium aimetﬁylcuprate was then‘added,.wiéh stirring,
an.ether.soldtion (0.3M, 10 m1, 3.0 mM) of lithfuﬁ
.alum;num hydride, and thé solution allowed to warm to
room temperatufc. As the feaction mixture warmed, a
bright yclléw precipitate appeared. After 10 min at
. room temperatﬁre}vthe stirring wés ;topped'and tﬁe super -
natant ether removed by syringe, ?resh_ether (25 m1)
was added, the reaction étirrea for 1 min, aﬁd the ether

again replaced with fresh énhydrous ether,
v
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Ditosyl acotate 90.(268 mg, 0.50 mM) was added. '
to the cuprate :olution and the roaction stirred at

xoom temperafure~tor 2 hr. The reaction was then

éuinchod'w{th aqueoug'naturatgd ammonium chloride'

_(5 ml) And the ether colution dried (NJ-SO ):and

evaporated to give 70 mg (92%) of, 91 aa a colourless

oil. This compound is identxcal to the material obtai;j}

by reaction of 90 with 1ithium aluminum hydride.

pmr (CCl): 1 3.95-4.8 (m, 2H)., 6.0 (m, 2H)

v : 6.65 (bt, J = 1.5, 1lH), 619—7{4 (m, 1H),
7.5-8.3 (m, 3H), 8.4-8.7 (m, 1H),
8.95 (¢, 3 = 7.2, 6H) '

mass spectrum: 152 (P)

‘glpc: UCW-98, 140°

(+)-3R, 5R-Di (4-tolucnesulphonylokymethyl)-6R-

trimethylsxluxv— S—methylcyclohept-l—ene (98)

A solution of d1tosyl alcohol 89 (11.2_ g,

' 25 mM) in anhydrous pyridine (100 ml) was treateq with
freshly dxstllled trimethylchlorosilane (6.75 g,

62.5 mM). The mixture was stirred at room temperature
for 2 hr before the solvent was'removed'undgr reduced
pressure {0.01 mm). The residue was takeﬁ up’ in ether

(200 m1) and washed with water (50 mi), aqueous 1IN

hydrochloric acid (25 ml), and aqueous saturated sodium
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chloridé (2% ml).' Th§ ether was then drieq (Nazsoé) and
c;aporated to give 13.9 g (98%) of gg as a colourless:
oil-whigh‘was us;d immedi;tely in the next.reaction.
pmr (CCl,): T 2.1-2.8 (m, 8H), 4.5-4.8 (m, 2H),

5.9-6.4 (m, 4H), 7.3-8.3 (m, 10H), "

8.7-9.2 (m, 5H), 10.0 (s, 9H)

T 7.6 (s, aryl-CH,) : :
32

mgqs spectrum: calcad for'cljﬁzzoi S [P-(TsOH aqa OSiMel)l:
. m/e = 322.1239

measured: g/g = 322.1240

(1r—4§-T;imethylsiloxy-3§,5§,7§- rimethylcyclohept-l-ene (99)

A solution of silyl ether 98 (2.84 g, 5.0 mM)
in anhydrous ether (50 ml) was added to a stirred
susbension of lithium dihydroéupratc (30 mM, 6 equiv)
prepdred as above. After 18 hr at room temperature
.the reac¢tion mixture was worked up. The dried (Na2804)
-éblvent was evéporaféd at 0°. The pmr. spectrum of the
crude éroduct indicated'a ratio of desired product to
.£o§ylate—contai$inq matérial of approximately 9:1.

The. residue was distilled througH a short-path apparatus

to give 975 mg (86%) of pure 99 (bp 45°, 0.1 mm).



o . .;’qﬂ’iﬁuf ‘Q.
phr (CC.14, CHCl3 reference) T 4.’55&&(‘ "
' 6.35 ‘“r}%‘f‘- 1.8,
7.4-7.8 (m, 2H)¢/7‘8 ag
(m, m),\a.z-a.e (m, 2H)

8.92 (4, J = 7, 3H), - x!’\h""

* -

8.98 (d, J = ?5 JH)\
9.05 (4, J = 7, 3H), .~
9.8 (s, 9H)
mass spectrum: calcd for C13 260 m/e = 226.1753
< e meagured: m/e = 226.1748
9lpc: UCwW-98, I40f

~

(1)~4§-Hydroxy—3§,S§,75—trimethylcyclohept-l—ene (100)

as
with stirring, cdncentrated hydrochloric acid

(5 drops) was added to a solution of silyl ether 99
(1.13 g, 5.0 mM) in anhydrous methan&l (100 ml). After
15 min at room temperature, so0lid sodium bicarbonate
(ca. 0.5 g) was added, and the mixture c0ncen£rated to
approximately 5 ml at 0°. The residue was diluted with
ether (200 ml) and washed with water (2 x 10 ml)

and aqueous saturated sodium chloride (2 x 10 ml). The
ether wés dried (Na2504f and cvaporated at 0° to glvé
776 mg (98%) of pure 100

ir (CClq): 3632 (w), 3581 (m), 3490 (bm), 3010 (m),

1455 (s), 1376 (s), 994 ¢s)



pmr (CDC1;): <t 4.48 (m, 2H), 6.43 (dd, J = 2.0¢ ¢.0, 1H)
7.41 (bm, 1), 7.65 @, 1), 7.96 (bm, 1K)
8.16 (bs, 1H), 8.71 (m, 2H), 8.94 (a,
’&_J = 7.2, 3Hgp, 8.97J(d, J = 7.2, 3H)
8.98 (@, 3 = 7, 3H)
.mass ectrum: 154 (P)
o glpc:ipucw-?s, 140° »

-

(i)-4§-Acetoxy—3§.5§,75—trimethylcyclohept-l-éne (96)

A solution of alcohol 100 (1.54 g, }0.0 mM) and

aéeeic anhydride (6.15 g, 60 mM) in anhydrous pyridine
(20 ml) was heated at 40° for 24 hr. After cooling to

room temperature, the mixture - -was concentrated under
oS .
reduced pressure (0.01 mm) to approximately 5 ml,
°
poureq into cold (5-10°) aqueous IN hydrochloric acid

Al

{50 m1) and eoxtracted with benzene-pentane (J:1 by Qolume,

. 4 x 50 ml). The combined extract was washed successively

v

4

’ with aquoouq IN hydrochlorlc acid (2 x 20 ml}), aqueoué

"

saturated sodium blcarbonatv (20 ml) water (20 ml),
xat

and aqueous saturated sodlum chloride (20 ml). After

drying (Na2504), the solvont was evaporated at 0°,

L

i N

"of 96 as a colourless liquid (bp 76-80°,

and the residue flash distilled to give 1.92 g (98%)

3.5 mm) .
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ir (€Cl,): 30Y2 (w), 1735 (s), 1459 (m), 1247 (s)

pmr {CDC15): 1 4.67 (m, 21, 5.17 (dd, J = 3.1, 6.6,

1H), 7.15-8.19 (m, 6H), 8.61 (m, 2i),
8.82-9.22 overlapping doublets, 9%H),

'8.06 (s, CH,CO)

3

mass spectrum: calcd for C (P-HOAc): m/e = 136.1252:

10M16

i

< . measured: m/c¢c N36.1249
. o R \ ) s

glpc: Reoplex, 180°

s

A , . . o
(¥)-3§:Acotoxy;2§,4§;GB—trimothylheptanfl,7-dioic acid (101)

A solutdén of trimethylcyclbhoétcnyl acetate 96
(450 mg, 2.3 mM) in aque0us 80% tert-butyl alcoﬁol
(300 ml) was aadod to an oxidizing sOIutiQn.(pH 8.5)
of potasgiuh pormdnqanate (}16 mg, 0.70 mM), sodium
moetaperiodate (5.74 g, 26.9 mﬁ), and anhydrdus potassium
carbonate (5.0 g,'j6.4~mﬁ} dissolved in water (300 ml).
The m{xture was vigorously stirred at room temperature
for 24 hr, before the redepurple soldtien was acidifioa
to pH 3.5 with gquecous 4N sulphuric acid (20 ml) .
Solid sodium bisulphite. (ca. 10 g) was slowly added

oy

to reduce the remaining oxidant. During this addition

the solution first became colourless, then dark brown,-

S .

and finally bright yellow.. The pli of the solution was
. . - ] . L -
now 1.5. The solution was adjusted’ to pH 7.0 with
' aquﬁous 2N godium F;droxide (55 ﬁl), concentrated to

% ' approximately 250 ml, and the pll raided to 9-9.5 with



»

aqueous 2N sodihm hydroxide (gg.'l‘ml). The yellowish

concentrate was washed thh ether (2 x 40 ml), acxdlfxed

" to pH 1.5 with. -aqueous 4N sulphurjc acid {15 ml),

carefully saturated with sodium c€hloride (culphur
dioxide from exccss sodium blsulphlte was cvolved),

and extracted thh cther (5 x 50 mly. The combined
ether cxtract was washed with aqucous saturatod sodium

c¢hloride €50 ml),-d;ied (Na,SO,) and-evaporated .to give

2
a very pale yellow viscous oil which slowly solidified

‘on standing. *Recrystallization from ether-hexane gave

‘510 mq (860) of- pure acetoxy d1<1c1d 101 «l. w 1? T .

8

prisms’ (mp.llO {ll°) ) e : '¢/ ' q .
ir (cncx,B:_ 4600-2400 " (bm), 1735 (m), 1710 (s),

. . 1240-1210 (bmy . ° . g

pmi kcncx;); " -2.24  (bs, 21) .. 4.86. (au, 3~ 1.7,

q - 7; Jd s 11, lﬂ)r

7.47 (bm, 1H), 7.79-8.69 (m,»6H), 8.76

‘ 11.0, 1H), "7.13 (ga J

(4, 3 = 7.0, 3H), 8.80 (d, J = 7.0, 3H)-

. ' E -

I - ' Z“\;" .. 9 o‘ym‘..]‘ = 6 6 31{) ‘ ’
; _‘v(- ] if ) A ' .
ma s 5 sg E’rum-'ﬁ‘ Icd Yor C),H o m/e = 260.1260
_ 1272076 —'—
' . measured: m/e = 260.1255
elemental analyS{éz calcd for C12H2006 C.55.37, B 7.74

found : " C 55.46, H 7.61

169.
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(+)-3§-nydroxy-25,4§,6§-trimethylheptan-l.7-dioic . ™ 'f;
- ~ - - - B N | \ rd
p 3,7-lactoné (6) [11)-Djera;si-Prelog lactonic acid]

a) From 101

A solution of diacid 101 (645 mg, 2.5 mM) “in
dqﬁéous 1.6ﬁ‘potassium hydroxide (6.25 m1;<16.0 mM) was
stirred at room‘temperature for 18 hr. The mixture wos”
cooled to 0° and carefully acidified to pH 1.5 by'the~' -
ks yiseoaddition of aqueou& 2N hydrochloric acio‘
Tﬁq-mixture-was then saidrated wito sodfoﬁ chloride
and’stxrrcd for 30 min at 0° before being extractcd ' ST
thh chloroform (3 X 25 ml). _The combined chloroform
layer was washed with aqueous saturated sodium chloride

(20 ml), drxed (ﬁd SO ) and evaporated to give 501 mg

(100%) of chromatographxcally Pre 6 as white’ prlsms

(mp 112~-113°, 119- 120 ). An analytxcal sample was

recrystallxzed from ether=pentang. ) Az _ #\i
®

b) Direct cleavage‘of499

l

A solutxon of sxlyl cther 99 (521 mg, 2.3 mM) was
subjcctcd to the Lcmloux -von Rudloff oxldation as described
"above. After 40 hr at Foom tempcratpge the red-purple
.-solut-ion. 'y;xs work.ed up u.‘sing‘" the proce (] e:tlineo Aboin;-
The acidic*aquoous _phase was extracted with ether (7 x 50 ml) .

fhe ether was driod (Na 90‘) and evaporated to 94Vj/r pale.

Y
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. yellow solid. Récrystallization' from ether pentane gavo
. -
400 mg (87%) of 6 as white prisms (mp 119 120‘).

v | .
Ar (CHClj): 3600-2400 (bm), 1725.%w)5 1460 (m), 1382 (m)
® ) .

1189 (m), 1100 (m) - ° ,
"pmr (CRCl3): 1 1.30 (bs, 1Hy, 5.42 (ad, J = 2.477 10, 1) ;
‘ca. 7.51 ‘(m, 1H), 7.86-8. 33 m, 2H),

- -204( lﬂ) .I B .‘.

8.33-8.62 (m, 1uy, 8.72 (d, J = 6.9, 3H).. .
8.81 (d, 3 = 7.2, 3H). 8. 99 Sd J = 6.4, 35) )
cmr (CDCI3), ORD multlplicity, assignment § 8.42.(d, C-6).,. v

16,94 (q, C -CH,), 17.21 (q, C,~-cH 3 30.97

6 4
* (9, C;~CH3), 36.31 (d,-C), . 28 (t, Cg),

41.76 (as c,), B6.42 (a, C ),3174 €3 (s, C,),
7:75 (s, &) '

g
cd

sis: calgd for C

C 59.88, H 8.03.

omcntal_an' 10”1604: :
found : C 59.56, H 8.05_
;\ .

Q‘) Mc;hyl lydrogen 3S-Hydroxy- 2R 4S 6R-tr1methf1heptan-

1 7-diocate 3,7- lactone (25) .

A golutidﬁ“of lactonic.acid 6 (400 mg, 2.0 mM) in
dichloromcthaAé’(lo ml) was treated with an ;xces; of
ethercal diazomethanc at 0°’ Evaporation of the solveAt
affordod 428 mg (100%) of gas phromatographically pure

25 as a white crystalline powder. Recrystallization
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omcher-pentand gave 406 mg (95\) of 25 as white priams
(mp 73-74°, nubdimable at 80°, 2 mm). '

-n-“.(cg:l;)z, 1735 (s) | ‘ - ,
pmr ;CCI‘?x 1 5.61 (ad, J = 9.5, 3.2, 1), 6.28 (a.‘Jﬂ)
o | 7. 1-7 75 (m, 2H), 7.75-8.6 (m, 3H),
.QD A S R L (@, 3 = 7.0, 31), 8.81 (4, J -'7.0, 3H),
| 8.99 (a, J = s.g, 3H) ‘ ' -
glpc: UCW-98, 200° | .

‘ - : o
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" fs) -2-Methyl-~ 2-pentena1 (102) . L
“.‘ Sy -~y 4 ..

This experiment WRs carried out accordinq to the

procedure outlined by Evans et al. 1‘2 . ‘ .!

o . Freshly distilled prd.hnal (145 q,,2 S M) was added ‘
dropwiso with viqorous stirring to. aqueous 1N sodi” hydroxide
(80 ml) 0ver 45 min. The mixture became warm and alightly
y‘llow'in'éolour. After the stirring wag ptopped, the v

. mixture 9eparefed into two layers. The upper organic lay:r
was drawn offlwashed with water (2 x 25 ml) and‘ eque.ous

1)

fractiona}ly’Qistilled.to giv LERY . 459 of pure 102 . ¢
CaR [ . ! k LA L. X

saturated nd!tua chloride (2 x 25

'-rted (Ha 80 ) and

(bp Ab—SOF,.JO,mm).
ir (631.§¥' 1685

“hﬁr (cc1 )"

1640 . (m)

(sg'l

s 1H), 3:57.(tq. Ji S P e N

.0 = 7.5, 2m), B.27- (o, 0 - 1,

. L]
J = 7.5, 3u) ) g
. . . LA™ :
glpc: uUcCw-98, oL T e _
g : ' . i 1 . ) S
TE)-Z-Methylfz—pcntenol - . , . :

. A solution of aldeh*?e 102 (3.14 g, 32 mM) 'n ;
anhydreus ether (100 nl) was treated‘at 0°*. w;thfan other
solution (1.0M, 10 :,,'10 mM) of lithium aluminum hydrige.
After 30° min the- reaction was careful y hydroly;\gdg}th

o Q‘!:tnether - The mxxture wag stirred at reom temperqture

“for 1 hr, filtered through Celite.'and he filter pad
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washed with ether (2 x gﬁa combinad tiittaco-
Uuolvanﬁﬁnvaporated. The

waa dried (Mgso‘) and t
'rosldue wal dlltllled to give 2, 95 q (92\) of the alcohol

‘as a colourl‘bss oil (bp 68°, 20 mm). Dintillation A,
) atmonphpnic pre-sure resylts in dehydtaé&on of the ptoduce 142
pmr'(cc1 i 1.4.7 (bt; T = 7. 1H). 5.7 (u:;,lu), 6.4

(bs, ‘24, 8.0 (qu, I {= 7, 15), a.4\(,, 3H),

3 et

%

..'.' 9.05 (t, J = 7,
,91pc: -uUcw-98, '85°.

*

. . ' . \‘ (_' ’." ”
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S Y 7 ke
¢, (2).-2,3-Epoxy-2-nasfirentanol | R N 5

.,.. .

so0 ,' 3- Chloro.perbenzoic acid (858, 12.2 g, 60.'mu) .
4
was addcd to a solut_xon of - auapove alcohol (5.01 9, 50 mm)

in dichloromeEhane (250 ml) 0°. Af!or 15 min the

X4

’ . w -~ .
’ roactio_n mixture was cooled to ~7" to precipitate the )

3~ chlorobenzoic acid ang the m{xture was f‘iltered (=28°).
»» .

The fxltrate was concentrated, diluted w pentane (75
r.

ml) ar”' left to stand at"u20° for Jg h

he mixture was
agnu" filtered A 'rhe fil;;ate was evaporated and thn eniduc

was chromatographed on alumina (150 9, pencane-ether 1:1)

to give 5.0 9 (86%) of epoxy alcohol. ” SRR . iy
par (CCl): 1 6.5(s, AN, 7.2.(t, 3 = 7, 10§, 8.5 (qu,
- ' 3 « 3, 20), 8.8 (s, M), 9.Q (£, 3 = 7, 3H). . -



@ s,

v . :
\'\ A s ' ‘e B L
i - .

"'s(é)-.z,JQBﬁoxy—Z-Mthylpc'ntanal 103y - . - ' .

- - . ~ A \

. ; * Chromlum ‘triiide (30'.0 g, 300 mM) wia :dded to R
an anhydronl solutlon of pyridine (08 m}, 600 mM) and’-
dlchlorodhxhane (350 m1) at 0°. The deep burgundy )

. lolutio; w&l stirred at‘O‘ ;or §',;n and was, then, allowed
'ta warm to foom Oemperature :w*;ﬁ" A aolution of : .
tho above Qﬂoxy alcohol (2. 90 g. 25 ﬁN) in dichioromethane
(20 ml) kai tapldly%added. Tbc a'ection mlxtutc was
' . n‘tlrred for 15 fin and cp&*‘ dtchlprouthmo mq d\rcantod
o fvom thp tarry relidue wéich was washed With ether (3 x 206
.,n‘i ' » ° The c0mbined ether dichloromegpanevoolution was

stored tor 18 hr at -30’ ' ‘lhe colﬁ,qlutlon wos again

decanth from a taz’ry 1esldue4 ‘nnd was twn Kmr.it_e? ",.
at o° td approfﬁm tely 50 ml, ' Thxc solution was diluted. :~\ ©oor

- with pcntane (300 mI)- and filtered through sodium sulphate
~ to remove\some insoluble coloured lmpuritles, Wmth o
- 1_v1gorous stirring,’ excoss solld nickel(II) chloride was
'added to thc cold G 78°) pentane solutxon and the mlxture
slowiy warmed to 09, Thls treatment removed the pyrldine
as an in-oluble nick.l complex. The pentane aolutlon ‘ Ly,
was’ fxltered ahd the solvent removed at 0°. The resxaue
was’ flash distilled to give: 1.80 3 (63%) of 10;’(bp a20¢
10 mm 344 ) ' g o

..\_
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l M . ,.v
ir.(CHC1;): 1750 (s) S

pmr (DC1y): T 1.14 (a, 1D, 6.95 (¢, I = 6, 1), \
. s, 4 (Qu, J = 6, 21), 8.7 (u, M), 8.95

- sy

(;, g6t JN)I

glpc:t UCW-98, 85° .° . -
C ' . ’ » 4

Triphenyl (acetylmethylene) Phosphorane ‘ : CoL

. " The teaction wasg carrivd ovt according to the

procedute reported by Ramxrcz.lja Tt o :  . : .
. }g I‘-olntion of eripim.yloho.pme (20.0'g, 76.2 wi> -
.#.-cnlﬂlroprooah 2-one’ (6.5 g, *70. 2 mM) in. ch“\-ofdrm
*} was ret,luxed for 80 min. 'rhe mixture was then

ey “‘ ‘ 3te¢e&“‘nco anhydrous ether (600 ml) and the resulting

“'"‘ o - -

us precipitate collcctcd by filtration tb qive 15.9° g

qf cream colourod pthphoniam salt (mp 241-245‘) e
s ‘{“4 The phosphonxum sdlt (‘15 9y, 44.5° m“l) was disaolved “
'::zﬂ”water (400 mJ) and aqueous lN aodzum hydroxide (500 ml)

.f}J ";;a addbd rapidly. The resultin;%‘;ecipxtate was collected

by ffiifation, washed ‘with water uneil neutral (gg.-doo

ml _was requxred), and flnally drxed under rcduced preséute

.
.\'.

‘ whiwe powder gmp 202-205°) .

Cee ‘pmr (cnc13) 1 2.1-2.8 (m, 15H); 6. 30 (bd a«‘ 7, 1H),
' ' o 7.93 (d 3 = 1.5, 3M) - x .

| \\;, . oL °
'\ . ) ’ 3 < . : ¢

2.0, p} Jqmm) to gﬁve 13.1 g (89%) of the phosphorane as a
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* 5-Methylocta~3(E),5(E)-dien-2-one [(104)

X ‘solution of aldehyde 102 (3¢92.9, 40.0 mM) and
triphonyl(acetylmetoylene) phosphoran (6.58 g, 20 mM)
in anhydrous bonaens (100 m1) vas refluxed for 40 hr.
. The solvent was evanorated aoo the renidue wés triturated
with oentane (5 x 75 ml) The combinod pcntane extract

was filtered and evaporated to give 3.61 g of an orange oil
"whichyyq‘ chrom@toqraphed ‘an silicic acid (175 q, chloroform)

u", to qive 1 80.9- (65!) Of 104 as a pale yellow pil. »
ry

“ ‘Cm‘) 5. 3040 (Dh) P 16’5‘. 367,5 o .
”ii; (tc1 )t 1 2.79 (d,-J = )6.5, 1), 3.98 (4, J°= 16.5,
-~ L 1H), 4.08 (bt, J -77}5; IR}, 7.78 (q, J ="§tq,

© e

e«

(ZH), 7.80 (s, 3H), 8.20 (bs, IH), 8.95
e, 3 =7, 5, 3IH) '
glprt UCH-98, 120° o - .

(t);s,é-EpofoS—methyloct—31§)?cn-Z-One.(!g§)

™ . N S Fg

A solution of dienone 104 (280 mg, 2.03 mM) ' -

«
4 ~

and 3—ohlbrooerbonzoic acid (85%, 4%6 mg,‘Z.OS mM) in

dfchloromerhaoc f?.S ml) Qas-stirred at rooﬁ tehperacure

fof;‘o hr. The react1on mixture was diluted with-

eﬁhdr (25 ml), washed thh aqueous satuvated sodium 3.
i blcarbonatc (4 x 10 ml) and aquéous saturated sodium chloride

(10 ml),,and was thcn drled (&a;SO‘). The oolvept was

evaporated dhd ‘the residue moleculafly distilled (110°, 1 mm)
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to cive 175 mg (56%) of 105 as a clear colourlelo oil.
The same product wan obtained directly in 52\ )
yicld by reaction of empxy aldehydo 103 and the phosoho:anc
under the conditions used tO"syntheste gog.
ir (CCl,): 1680 (s), 1635 &a). 980, 380
pmr (CDC15): 1 3. 18 (d, - 4’36 5, 1H), 3.78 (d,3 = 6.3,
15), 7.18 (&, J = 6.5, 1H), 7.75 (s, 3H),
- 8.38 (m, 21), 8.57 (s, 3H), 8.06 (t, J = 7, 3H)

glpc: UCW-98, 140°
. -

(+)-5,6- Dthyﬂtoxy-S—methlect-J(E)-oa-?-oha (106) ‘

o

Aqueous 2.0N sulphuric acid (1162 ml, 3.24 mM)

~ was added to @ stirred solutxon of epoxide 105 (250 mg,

A

1.62 mM) in tctmhydrofuran s ml) at 0° Th.mixtuie

was then stzrred at room tu-perature for 30 hr, cautiously

‘heutralized with agueous saturate blcarbonateu
diluted wfth aoueous‘saturated sod' loride (16 m1) °
.*and extracted with chloroform (3 x- 25 ml) The organxc‘ ¥
Mb‘._”v"

phpsc was'.dried (Na 250,4) and evaporated. The ¥éBhSUe

was chromathraphod on silicic acid (7. S q,rchloroform)

té glVO 220 mg (80%) of 106 as a colourless oil.

ir (CCl,): 3450 (bs), 1689 (s), 980 . ’

pmd (CC1l,):. 3.40 (4, J = 16; 1#), 3.76 (4, J = 16, 1H), -
- - 6.4;@.8’lm,’1§), 7.35 (bs, 2 OH), '

7.72 (s, 3H), 8.1-N2 (cm, B8H)

- . “

I3
- o
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~(E)-2-Methyl-2-pentenoic acid (113)

This and the following three experimental procedures
. - ®

werc carried out according to the method described’ by

ncrgel'son and coworkers, 14! . )

A solutxon of sxlver nitrate (260 g, 1.53 M) in

L)

water (500 ml) was added rapldly thh stirring to a solution
of aldchyde 102 GSO g, 510 mM) in ethariol (200 ml). ¥ ]
Thc tomperature was raised to 40° end aqueous 3N'sod1um
hydroxxde (800 mi, 2.4 M) was added over 3 hr. After the
addition was complete. the. reactxon was maxntained at

40° for 18 Hr before the mixture was filtered to remove

‘the precipitatecd silvéf. The filtrate was acidified to pH -1
iwithlaqueous 6N hydrochloric'aqid and extracted with ether
(5 x 250 ml). The combined ether layer was concentrgtod to =

’500 ml, cxtracted w1th aqueous 8N sodlum hydroxide (3 x 75 ml), .

and the alkalxne«gxtract acidified to pH 1 with aqueous 6N

[

‘hydrochioric acid."%he aqpeoﬁs,phase was thee oxtracted
with ether (5 x 100 9m1) . Thc.ether layer was dried YMqSo‘)
and cvaperateq. The residuc¢ was distilled to give 48 g T
© (85%) of crude 113 (bp 112-115°, 17 mm) which was dissolved
in hexane (100 mis and the'solution cbled ta -40°., The
crystalline prccipitéte was'coilected By filt;at;on et}0°
to give 44 § (76%) of pure 113 (mp 23- 24°) )
ir (CC1,): 3500-2300 (bs), 1700 (s), 1640 (m)
pmro(ccl): o —0.;‘(-8., W, 3.1 (dt, 3 = 7, 1.5, 1H), S
‘ 7.8 (qu, J = 7, ég),-e.ls 15,'35);‘éﬁ95 )
(t, 3 =.7, 3H) | '

P
- .
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(+)-2R,3R-Dihydroxy-2R-methylpentanoic acid A115)

L~ s "
-

To a solution of acid 113 (16.2. g9, 142 mM) in
acetic acid (80 ml) was added concentrated sulphuric hcidl. o

(18 drops) and 70% hydrogen peroxide (14 ml). The reaQtQ‘n'fJ

mixture was maintained at 50°. for 6 hr and then left a N '?_
room temperature for 18 hr. Sulphur'didxidc Qas bhu .
through the cold (0°) solution to reduce thq excerll n -
peroxide. The solvent was then removed under Ebdu&

pressurc (0.01 mm) and the residue refluxed for 1 ‘ th .
aqueouq 5N sodium hydroxide (100 ml). The ‘.t s cbolod

to room temperature and extracted with otth (2 X 25 ml).

The aquvous layer wys acidifivd io.;ﬂl 1 with dquudus IN
hydrochloric acid and continuously c¢xtracted with other

*fox 18 hr. The c¢ther extract was dried (Mgso4) and
c-idbratod. The residue was recrystallized from ethyl ac«tAto
8 give 10.5 g (50%) of pure 115 (mp 153-154°).

pmr (acetone d6) 1 4.77 (bsy 3H), 6.75 (X, J = 6.6, 1m),

‘. . 8.50 (dq, J_ = 7.7, I, = 6.6, 2H),
e : -q d ’ . ‘"0
8.61 (s, 3H), 9.03 (t, J = 7.7, 3H)

~ . o~

(#)—25,3§-Dihydroxy-ZB—mcthylpcntanoic acid (115%)

Finely ground racemic acid 115 (31 4 g, 212 mM) was
)}
addcd in one portion to a roflux1ng solutlon of L—(+)-threo—

2- amlno-l-(4 n1trophcny1)~1 2- propancd101 (45 0 g, 212 mM)

in ethanol (150 ml). The ﬁolutlon was lgft to stand at room

. 4 . ¢
. .

nh _' " - .nv,'u .
. . . . o A ¥
. . \ .
E .- . L “‘, K N v
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3 y
»
temperature for 18 hr, and the precipitated salt was

collected and recrystalljzed fromnethanol to qxvc 34 ql
of the P(+)base {+)acid] salt (mp 156-L58°). ﬂ
"Aqueous 4% smmézium hydroxide (}60 ml) was added

to a solution of the ’ve salt (34 q,, 94 mM) 1n water
(240 ml). . The reactxon‘hxxturc was filtered to
rééovér‘14i¢ 3 of optically active amine. The filtrate
was acidified to pPH 1 with égueous 6N hydrochloric acid gnd
continuocusly extracted with éther fog S days to give
13.7 g (98%) of crude diol acid 115. Recrystallizatidn

' from eth§l acetate gave 13.5 g of- 115 (mp 149~151°),

lﬂ]25 + 13.1° (c.3.02, uzo) (95% optically pure based

3

on ref 141).
pmr see racemate above .
?

(+)~Methyl 23,3B—Dihydrdxy-23—methyipontanoato/(116)

“An ether solution of diazomethane was added dfopwiée
to a solution of 'acid (+)~-115 (6.86 g, 46 mM) in ether (200 ml)

-

ar 0°. The addition was stopped when the reaction mixture
became yellow.  The solvent was evaporated and the residue

dxst;llcd to glve 7.15 g (100%) of methyl ester 116

(bp 60°, 1.6 mm), [a]gs

enantiomer. of this compound was not detected in the pmr:

0°, (c-0.66, CHCl ). The (-)-

spectrum when the chiral shift reagent tris (3- heptafluoro— ‘

prOpylhydroxymethylene -d- -camphorato) europxUm(III) Was a@ded

- '{3,.', ur
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ir (CCl,): 3500 (bs), 1735 (s) o ’ '

30 T 6.19 (s, 3H), 6.47 (t, J = 6.5, 1H),

8.35-8.7 (m, 3H), 8.6 (s, 3H),

pmr. (CDC1
9.0 (t, J = 6, 3H) -
glpc: UCW-98, 100°

’ r

(+)-Methyl 2R-Hydroxy-3R- (4-toluenesulmhonyloxy) -
i — '

2R-methylpentanocate (117) . - .

— \

4- Toluenesulp nyl chloride (9.11 q, 43 mM) was

4
added to a solution of dxhydroxv ester 116 (5.13 g, 31 mM)

in anhydrous pyridine (45 ml) at 0°. The reaction mixture:

was stirred at room temperature for- 18 hr, pohred Xnto

.cold (%) water‘(400 ml) and extracted with ether

—

(4 x 75 ml). The combin'ed ©ther layer was washed with

aqueous 1N hydrochloric acid (5 x 100 ml), @queous saturated

sodium bicarbonate (100 ml), and agueous saturated seodium
»

chloride (100 ml). The ether solution was dried (NabSO4)

and evaporated. to give 8.32 g (83%) of 117 as a colourless
. 22 o f '

oil, [q]D_ + 13.0 (c 3.08, CHC13).

ir (film): 3520-(bs), 1740 (s) =

LY

30t 1 2.1-2.8 (m, 4H), 5.2 (ad, J = 6, 1.5, 1H),

6.2 (s, ;5&3 7.6 (s, 3H), 8.35 (m, 2m), @

pmr (CDC1

8.6 (s, 3H)7 9.1 (t, J = 7, 3H)



-

.~

(-)-Methyl 25,3§—€poxy-2§-methy1pentanoate (118)
T - -

Freshly dlStllled triethylamlne {8 ml) was added

to a solutlon of tOSylate 117

(19.3 g, 61 mM)
ben7ene (25 ml), and

4 ; the reac™ D .
Most of the solvent wés Tated and the residue was

poured into cold (0°) water (156 ml). , The mixture ‘was

extracted with ether (3 x 75 ml),

with aqueous fg hydrochloric éciq (2 x 50 ml), aqheoq$

saturated sodium bicarbonate (50 ml),

sodium chloride (Bb ﬁl)" The ether was dried (Va SO, )

2
evaporated to QLve 11. 3 g of crude epoxy ester.

-

of this materi_al gave 7.9 g (96%) of pure 118 (bp-65°,.
20 mm), (a1 2% -Ti30 (e o313, cHCl,) .,
vmr LCC14): T 6.35 (s, 3H), 6.95 (t, J -6, 1H), 8.3-8.8,
(m, 2H), 8.55 (s, 3H), 9.0 (t, J = 6.5, 3H)
eremental analysis:s calced for C7H12 3t C 58.32, 8.39
- . . found: C 58.39, H '8.45
glpc: UCW-98, 100°
(+)-2R,3S~-Epoxy-2R-methylpentanal (103) .
\ A solution of diisobutvlaluminum hydride (2.01 g,
3 .

14.5 mM, §8% excess) 1h anhydrous ether (10 ml) was added

£ -
dropwise over 40 min at -78° to a solution of ester 118

(1.51 g, 0.5 mM) .in ether (10 ml). Stirring was

continued for exactly 80 min from the beginning of the

addition. Then

aqueous saturated ammonium chloride
— :

.

in anhydrous

“and

(3 ml)

183.

on was refluxed for 2.5 hr.

and the cther layer washed

and -aguedus satprated

Dlstgllatioﬁ

F

was
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added to the reaction mikture at -78°, and the mixture .-

allowed to.- warm. to rodm temperature. hnhydrous sodium

sulphate and Ceiite were added tb the pasty mixture.
The m1x€hrc was flltered with pothlve argon prcssure and
the flthr pad washed w1th ether (30 ml). Three runs’

on this scale were comblned. The ether was drled (Na2$Q4)

and carefully "oncentrated hy dlstlllatlon The residue

was molecularly distilled (oil bath‘50°,\15 mm) to give
L.72 g (62%) of 103, [«]2% + 85° (c 2.82, cuCl,) . -

N D 3

The maté}igl was too unstable to allow an accuraée'
elemental analysis éo.bq performed. | -
ir (CHC_%’}
pmr CPCl,): 1 1.14 (s, 1H), 6.95 (t, J = 6," 1H), \'*)

8.4 (qu, J = 6, 2H), 8.7 (s, 3H),

) 2895, 2835, 1750 (s) N

'8.95 (t, J = 6, 3H.

glpc: UCW-98, 85°

Hydrolysis of lactonic methyl ester g§

.

Aqueous 0.42N potassium hydfoxide.(l.SS ml, 0.65 mM)
was addeé to a stirrea solufion of lactonic ester g? (56 mé;,
0.26 mM) in tert-butyl alcohol (2 ml) at 10°. Af;er étfn;ing.at
xooh temperature for 8 hr, the mixture ‘'was concentrated to
approximately 1.5 ml, cooled to 0°, acidified fo pH 1.5 .

with aducous 2N hydrochloric acid, saturated with sodium "

chloride, and extracted with éhloroform (2,3,3,1 ml).
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The solvent was riéd.(ﬂq§64) and evaporated to give 52
mg (100 ) of chrom taqraphlcally and spectroscopicailyv'
pure 6 as whito prisms. RepryStallization from ébber—‘
pentano‘éfforded 50 mg (96%) of whdte nécdlos

(mp 119-120°). Nclthor ep1mcr12dt10n nor cllmlnatlon was

-obeorV(d during this hydroly51s N

. —

All attempts to isolate mothyl 7—potassiuh'3§-
hydroxy-25,4§,65-trime£hylheptan—l,7-dioate 119 by
reactiRg 25 with 1.0 equivaient of potassium hvdroxide

were unsuccessful duc to, the facile rlactonization back .

-
.

“to 25.

fan} 1)

S—Hydrgxypentanoic 1,5-lactone (120) (“-valerolactone)

(=3

i . . . . 3 4 - 3
This react:ion was carried out using the procedure,

reported by Smissman and éowquers.159 Trifluoroqcotic

]

acid anhydride (25.5 ml, 180 mM) was added over, .36 min g

-

to a stirred suspensioﬁ.of 90% hydrogen peroxide (4.1 ml/
150 mM) and anhydrous dichloromethane (25 mi) at 0°.
,Aftor stlrrlng for 15 min the peracid Solutlon (0°)

’

was added over 1 - hr to a v1qorously stirred suspen51on *

Of dlsodlum hydrogen phosphate (40 9, 280 m™) and "' .
cyclopentanone (8.4, 100 mM) 1in anhydrous_dichLoromcthahc ST
(160 ml) at 0°. The reaction waé stirred a£ o° fér |

3 hr.bnd then at‘noém tcmpor;turo for 18 hr. wWater

(100 ml) was added and‘thorlayers.separatea. The aaueous, ,;}.~";

-

.

Vo
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.phase was extracted with dichloromethane (50 ml) "and the
combined organic phaée.washed with oué saﬁurated

sodium bicarbonate (2 x 50-ml) "and aqueous 10% sodium

sulphite (50'61).- The oréanic layer was dried (Na2504)
and evaporated to glve'é res}dué whrch:wés diséilled‘t;

'g;ve 7.1 (71%) of 120 as a’colourlésg iiqﬁid {bp 93;, 4 mm) ,
ir (ol 1735 (s) | |

pmr 6CBCY,): 1. 5.5% (m,2H), 7.35 (h, 2H), 8,05 (m, 4H)

Triphenylmethylphosphdnium Iodide :

'. .?he reaction was carried out according to the’

procedu;e'reportéd by Wittig and.Schoellkopf.r60
‘ Iodométhane (8.2.g, 58 mM) was added in several

.portions-to a $olutio?.of‘triphenylphOSphine (11 g, 42 mM)
in anhyﬁrous benzene (50 ml). An‘immediéte white
b;ecipitaté forﬁed upén addifion'of the iodide- .Aféer
48 hr at nbom.tehpe;qture the white solid wa; cbllectgd
by filtration, washed with warm (50°) benzene.and dried

(100°, 10 mm) to give 17 g (100%) of the ph@sphonium sailt.

pmr (CDCly): T 2.2 (cd, J = 7.0, 15H),°6.8 (d, J = 13.5, 3H)

> s =

Phosphorane Opening of &§-Valerolactone

S

Sodium hydride (50% dispersion in mineral oil, .
-192 mg, 4.0 mM) was added to anhydrous dimethylsulphoxide

(4 ml), and the mixture hegted at 70° for 45 min. A
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solution of triphenylmethylphbsphonium iodide (1'62 9,
4.0 mM) 1in anhydrouq dxmothylsulphoxxde (4 ml) was added
to tho cooledA(ZS ) solution of methyl.sulohinyl carbanxon.

After 10 mim at room temperature, lactone 120

~ o

. < S '
(200 mg, 2.0 mM) was addod to the ylid solution. After

24. hr .at 60° the LOX AL solut1on was’ poured 1nto cold YO-S°)

’
aqueous saturated sodlum bxcarbondte (10\n1) and. the S~

\
aqueous solutxon cktractcd w1th dlchloromethanc (4. x.25 ml).:

" The organlc layor ‘was dried’ (Na2504) and evaporated to

give 700 mg (93%) of phpsphorano 121 which was used

‘directly in the next reaction. ’ '

ir (GHCl;): 3350 (bs), 1540 (s)

!

~ o~

'1-Phenyl-3-oxo~hept-2(E) ~en-7-01 (122)

- A solution Of‘tho‘previously gbtainvd phosphopane
/212} (700 mg, 1.86 mM; and freshly disgillod benzaldehyde
(350 mg,.- 3.72 mM) in anhydrous'bonzene.(lo mi) was maintainéd
at 6n° fér'24'hr.' Tho'roaCtion mixture was cooled to
room temperature and the solvent OVApnra*oU..,The residue
was chrbmatographod on silicic acid (25 g, chloroform)
S to gite 115 mq (30%) of 122, : N

ir (CHCl,): 3500, 1700, 1660

3

pmy (CbCl,): 1 2.65 (m, 5H), 3.15 (4, J = 16, 1H),

3 q
3.65 (d, 3 : 16, 1H), 5,1 (t,.J = 3.5, 1),

5.9 (¢, J = 5.5, 2H), 7.5-8.5 (m, 6H)

J
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P . - . /.
(i)-wethy1“7-ﬂydrogcn 2,4;,éB—Trimethylhqp£~2(E)—en—

~— %

1,7-dioate (123)

L ad ¢
o

A methyl sulphinyl carbanion solutlbn (0.1eM, 1.25

“ml, 0.20 mM) in dxmcghylsulpﬁoxlde was added to a stirred

sotution of triphénylmethylphasphonium iodide. After

10 min at room tcmpcraturo, the resultlng groenlqh

P

vellow phosphorane solution was added over 5 min to a .
stlrrod solution of lqctoqlc ester’ ?? (21.4 mq, 0.10 mM) '
in.dimethylsulppoxide (1.0 ml). The colour of the , |
phosphorané disch&rged durikq'the addition until'aﬁproxi-

mately half of the phosphorane had been added, then the

wnixture became yéllow. After 20 hr at.room téemperature

tﬁe'reaction'waSgadged to cold {0-5°%) adueous d;OSE
sodium bicarbonate (6 ml). The aqueous solution was
eXtracted with‘chloroform (5 X 5 ml), coaled to 0°, .

ac1d1f\ng to pH 2 with aquoous 2N hydrochloric ac1d, and

-

-

extracted w1th ether (5 x-5 ml). The’ comblned ether >
ldyer was dried (Na2804) and evaporated to glve 11 mg
(50%) of the unsaturated half ester }23 as a colourless
v1scnuq liquid. The chioroform extract contained a
mixture of trlphenylmethy]phosohonlum iodide,. dlphenyl
mcthylphoqphlne oxide, and the half ester in the doproxl—

mate ratio of 2.5:2:1 as determined by pmr spectroscepy.

ir (cncl\}“* 3500-2500 (bs), 1720 (s)

¥ oy,
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pmr (CDCl,): 1 1.65.(bs, 1H), 3.5 (dd, J .= 10.3, 1.5, .
1H), 6.25 (s, 3H), 7.5 (m, 2H}, 8.15

(d, J = 1.5, 3H), 8.2-8.6 (m, 2H),
8.8 (d, J= 7, 3H), "8.95 (4, J ='6.5, 3H)
. ’ <
. . )
A series of equflments were carried out starting
s
w1th lactonic methyl ester 25, from which compounds 124

.\nd l26‘ouqh 131 were synthes:zed. 'rhe experxmental

details for theqe COnVer51ons are the samel a

described bclow for the correspondlng

134-139. The spectral details for the methyl tea\
compounds are given below. - ’ {

(+)-Methyl 7-(tert—Butyldimbthylsilyl),38-(tert#Buty1—
Lert R 22T ltert

. S \ - — T e
dlmethy151loxy)—2R 4L.§R trimothylheptan l,7-diocate (126

[y

ir (cuc15): 1730, 1710 °

.

It

pmr (CDC1l.): 1 §.l (ada, J 7, 3, lg),A6.35 (s, 3H),

3
7.4 (m, 2H), 8.0-8.6 (m, 3H), 8.6-9.0
(m, 91), 9.06 (s, 9H), 9.12 (s, 9H)
9.75 (s, 6H), 9.94 (s, 6H) i

¢

189.°

)
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r/ SN l ! hd * .';
. ¢ [ t * ° . )
< v ‘
,Li%—Mefhyl 7;Hydroge§‘3§—(Eprr—nutvrdimofhyls;iqu)-
* - . — ‘ - -
2R, 4S5, 6R-trimcthylheptan-1, 7-dicate (127)° .
- - - . , ' Y A aadiadi o .

-

ir (C?lé):i

3400323¢o Ybs);-ivas.(s), 1705 (s)
J )

ppc (CCl,)i 1 -2.0 (bs, 1H), 6915 (m, 1), 6.32 (si 3H),

S DR
* Imtddzolide 128

3
\
»

ir (cCcly): 3120 (w), 1735 (s), 850 (m)
. , ),

‘

N~

)

'agf”(—;:4 (m, 2H), 8.0-8.5 m, 3H), 8.6-9.0 (m, 9nm,

9..05 (s' 9!1)' 9.9 (S, 6‘1_1.)

4

9.

pmr (CDCYj): "t 1.75 (bs, 1H), 2.50 (bs, 1H), 2.85 (bs, 1H),

6.13 (m, 1H),

o

N 9.05 (d, J =
: (s, 61)

9

6.35 (s, 34, 6.9 (m, 1H),"

J =7, 31), 8.86 (de J

.1,

» Triphgnylmethylene Phosphorane

3H) .

124

S e

ir (CCl,): 3060 (w), 1735 (s), 1535 (bs)

9,

7, 31),

. : [ ] . : .
7.4 (m, 1H), 7.9-8.4 (m, 3H), 8.67 (4, .

DI

1 (s, 9H), 9.95

pmr (CCl,): 1'2.2-2.7 (m, 15H), 6.15 (m, 1H), 6.3 (bd, 1H),

)

6.27 +°6.53 (s, 3H, ca.

.8-8.5 (m, 3H), 8.6-9.0 (m, 9H),

.9.95 (bs, 6H)

1:3), 7.4 (m, 2H),

\}

9.1 (s, 9H),
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) .

Methyl 3S-(tert-Butyldimethylsiloxy)-10S,!15, -cpoxy~
71‘_oxb-‘ég,t§, 6R, log-tetrm;\othyltride'c-a M\)-nnoate ‘(,}‘39) *
— - : — :
ir (eCcl,): 1735 (s), 169? (m)y 670" (m), 1625 (m), 845
< pmr (cpc'x-;,-r: o .3.3;'«:&, J = 16, 1HY, 3.64.(dd; J =18,
! , 10), 6.15 (m, 1R), 6.35 js, M), 7.0-7.5,
S (mf/:Z;s.e.l-a.s (m, SH), 8.55 (s, 3,
. 8.65-9.0 (m, iggx, 9.1 (s,.9H), 9.95.
- (s, 3H), 9.98 (s, 3H)

\

With the attachment of the resolved aldehyde to the

. : — .
®racemic right hand portion of the methynolide precursor,

*

the subscquent compounds are no lonqer racemic.

Ins&oad a mixture 6f -two compounds 1s present, unti-l
final.resolution occurs during 1acion17at10n to

methynol1dc (viide infra). The gﬁ S notation used in

the tjtle comoounds refers to the absolute configuration

+of the chiral centres of the correctly pa1rod dlaftowh~—

isomerg of the left and- right hand segments,

191.
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A

Methyl JS-(tgrt-luty'ldimethvlcnloxy)-IOS llR dxhydroxy-
4
7-oxo-2R 4S, 6R, I0s- tetranmthyltndec B(F)—enoato (131)

~ o~

ir. (CC1,): 3470 (ha), 1730 (s), 1690 (m), 1675 (m) -
' 1625 (m), 845 (s) o

pmr 1CDC],):  3.34 (ad, J = 16, 1H), 3.65 (dd, J,= 16,
| ' 1HTN6.15 (m, 1n), 6.3€/7ff'3§), 6.65 <
.(bdg, g = 915 ‘2.5, 1H) 7.0-8.0 (m, 24
+12 OH), 8. 1-9.1 (nd, 17H), 8.67 (s,

3, 9.15 (s, o), 9.95 (s, 6H)} "

-~ ) -

Thallium (1) 2-Methy1p}onane-2-§hiolate
-

. . 4 07 o
"2-Methylpropane-2-thiol (1.98 g, 22 mM) was

added dropwise over 5 min to a stirred solution of

thallium(I) ethoxide (5.0 g, 20.0 mM) 1§5anhydrous

bénzene (20 ml). After lS'min{t. precipitate was'

.filtered under argon and washed with anhydrous pentane
.

(3 x'10 ml) to glve 5.6 g (95%) of thalllum(I)

2 methylpropane 2-thiolate as bright vellow. crystals

(mp 170 1752 decomp)

s \@
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(1)-(§-cort-aut91)-7-Hydroqen 3§-Hydroxy-i€,4§,Gé;trﬁmethyi—

heptan-l-thioate~-7-poate 3,7-lactone (133) \

s

'in'%nhy rous benzene (30 m\)

‘'suspension was stirred for 1 hr ‘at room temperature,

/?FA suspension of 6é;tonic acid 6 (1.00 g, 5.0 mM) ;;

and freshly distilled oxaly! chlqride (1.28 g, 10.0 mM)’
: !

T e .
for 18 hr. The resulting colourless solution was

éva.;.;oia‘téd to givc.r ‘1.10 i (1.60.%‘)..‘of lactonric acid .

chloride 132 as white needles.

ir (CHC1,): 1790, 1735

3 .
"Thallium(I) 2-methylpropane-2-thiolate (1.47 g,
5.0 mM) was added to a stirred solution of the above

acid chloride (1.10 g, 5.0 mM)‘ in anhydrous ether (30 .ml)

at 0°. The brith vellow .colour of .the thallium salt-

L X

discharqed‘almost immediately. The resulting milky
rd .

filtered through Celite and the filter pad washed with

ether_(4'x 20 ml).- The combined filtrate wa's concentrated
and the roéidue was flash qistilled'to qivé 1.36 g

(100%) o% 133 as aicoiourless viscous liquid (bp 110°,

0.2 mm). . . : *«

3): 1%35 (s), 1675 (s) T .

pmr (CDC1,): 1 5.57 (dd, J = 9.5, 3.8, 1), 7.36 (dq.

ir (CHC1

J < 7.0, 3.8, 1H), 7.54 (bsept, 1H),
7.8-8.5 (m, 31, 8.51 (s, 9H), B.71
(@, J = 7.0, 3H), 8.76 (4, J = 7.0, 3H),

8.98 (d, J = 6.4, 3H)

s stirred at room temperature

-



.
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(#)-(S-gert-putyl) 7-(tért-Butyldibpthylsilyl) 35~

_(tﬂert-nut;,'l'd'imethylsiloxy)-23_,4§,6!_l-_tri.methylhqptgn-. o »
. — . .Qﬁ . . ) .‘ A'\ o

l1>thioaté-7-oate (]134) |

vV - * . S ~

Aqueous 0.28N potassium hydroxide'(ll.s ml, 3. 84 mM,

0. 92 equ1v) was addcd dropwxae a& room tempe at_ure to

a stirred solutxon of thiol ester 133 (1.14 g, 4 17 mM)

Mrrert-butyl alcohol (10 m1) contaxnan a tragp ‘ofe

o

.pheno_lphthalem at Sych a ‘rate ‘that }he initially

med red ~colour faded away to co}ourless (or vez\“h

\

pa e pink]; the addigion took approxxmately S hr. After

tho addition was completod }ﬁe reaction mixture was

stirred %or i hr, and the qolvont carefully removed. at

L
{oom temperaturg under reduced pressure (0,01 mm) .

The residne was'driqd by coevaporation with®a mixture
of anhydrous N,N-dimethylformamide angd pvridine (1l:1, 10 m])

at room temperature. The ring—openod potassium‘salt
3

S
c

.was thus obtained as a slightly ‘hygroscopic whlte solid.

Imldazole (2.36 g, 34.6 mM, 9 equxv) was addcd

to a stxrred suspanslon of the _above potag51um salt
(3.84 .mM) in anhydrous §.§-d1methylfo}mamide (20 ml).

tert-Butyldimethylchldrosilahe (2.30 a, 5.4 mM, 4

3

Cqui:} waé then addod:to‘bhé rgsulting pale yellow

solution and the reaction mixture maintained at 60° for

-

64 hr. The reaction was cooled to room temperature -



.
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and the solvent was removed under redgced pressure (0.01 mm).
The. residue was diluted with ether (50 ml) and cold water
(35 ml)hcoptaining a trace of bromécrcsol green. The
"mixture was cooled to 0° and acidified to pH 3.5, as
‘indicated by the colour change from blue to yellow in .
‘the aqueous layer,,bylthe dropwisé addition-of aqueods
Zg hydrochloric acid. The two layers were sepa;gted
and the aducous‘phaso was extracted with ether i3 x 20 ml).
The ComLinca éthor.layer was wa§hed wi£h aqueousbsaturatod
sodium chloride (20 ml)tand thelsolvent cvaporated. - ;
The‘résidue was dissoived in dichloromethane (30 ml), dried
(Na2$O4) and the solv$nt evaporated. The residual pale

yellow liquid was flash. distilled to give }.97 g (96%)

of disilyl compound }33 as a colourless liquid (bp 130°,
9

0.1 mm).
s .
ir (CCl,): 1715 (s), 1675 (s» -
pmr (cbc13): 1 6.05 (dd, J = 6.2, 3.5, 1H), 7.1-7.8 (m,

2H), 8.0-8.4 (m,_3H),_8.5 (s, 9H), 8.6-9.¢¥(m,

9H), 9.05 (s, 9H), 9.1 (s, 9H), 9.7 (s, 6H),

9.9 (s, 6H)
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(+) -(S-tert-Butyl) {:hydfoqcn 3S-(tert-Butyldimethyl-

siloxy)-2R,4S,6R-trimethylheptan-l-thicate-7-oate (135)

. A solution ¢of diester 134 (1.97 g, 3.68 mM)
in tert-butyl alcohol (12.5 ml) was hydfoiysed with
aqueous 0.28N potassidm-hydroxide (L12.5 m1, 3.50 mM; 0?95
equiv) according to the samé proéedtrc used for the lactone
opening of-133; the éddition ofsthe base took'45 min. A
The tert-butyl alcohol was cvéporated and éhe remaining
aqueous solutlon was diluted with ether (20 ml) and water
}(10 ml). The mixture w;:-tzaied to 0° and acidified
against bromocresol green using acqueous 2N hydrochlorlc acid. -
The two layers were separated and the aoueous phase was
extracted with .ether (3 X 20 ml). Eyaﬁoration of the
combined ether layers gave approximateiy 1.8 g of crude-
acid 135 as a pale yellow liquid. This material was
chromatoqraphedion silicic acid (100 g, chloroform) . to
give 1.40 g (94%) of Ehrom;toqraohicallv puré 135 as a

A8

colourless liquid.

«

ir (CHCly): 3500-2300 (bs), 1700 (s), 1675 (bs)
pmr (CDCl3): 1 1.0 (bs, 11), 6.05 (dd, J = #2, 2.8,
)., 7.3 (bq, J = 7, 1H), 7.2-7.7 (m, 1H),
z
8.0-8.4 (m, 3H), 8.45 (s, 9H), 8.85 (d,

J=7.0, 34), 8.75 (4, J = 7.0, 34), 8.75 (4,

J = 6.8, 3H), 9.05 (s, 9H), 9.85 (s, 6H)

- s
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Imidazolide 136 \ S .
o] ' . «.._ -14Ba
- According to the -procedure of Staab and Braur.ling

E,ﬁ—carhonyldiimidazole (561 mg, 3.46 mM) was ddded to

a stirred splution'of acid 135 (1.40 g, 3.46 mM) 1n dichloro-

~ethane (10 ml). The reaction was sti¥red at room

»

temperature for 3 hr and the solvent was then evaporated.

The residue was trgturated with cyclohexane (15, 10,
2 x5 ml), and the combined solvent dried (Na2504) and -

evaporated to give 1.58 g (100%) of }}9 as aspale Yellow
. / ‘ \ : o
liquid. : o

ir (CHCl ): 1735 (s), 1675 (s), 960 (s), 860 (s)

3
omr (CDCl,):* 1 1.75 (bs, 1H), 2.50 (bs, 1H), 2.90 (bs, 1H),

.

6.1.(dd, J = 7.0, 2.5, 1H), 6.9 (m, 1H),

7.4 (m, 1H), 7.9-8.4 (m, 3H), 8.55 (s, 9H),

8.67 (d, J = 7.0, 3H), 8.85 (4, J = 7.0,

3H), 9.0 (d, J = 6.5, 3H), 9.1 (s, 9H),

9.95 + 9.98 (s, 6H).
. H

salt-frece Triphenylmctﬁylene Phosphorane

The reaction was carried out according to the *'
procedure reported hy Schlosser and éhristmann.l45b
The triphenylmethylphosphonium bromide was prepared, in’

the same way as the iodide described above.
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Anhydrous émmonia (75 ml) was qohdensed into a
flaskﬁat_—78° and further dried by the additiég of several
small piécps of sodium metal. Aoproximately 60 ml of .
ammonia ?éé éﬁen d{stilled from this intense blue Zdlut%on

" into a second_flésk: A trace of iron(III) chloride'was.
’added,to the liquid ammonia, followed, by sédium metal
(190 myg, 8.25 mg-atomf. Fiﬁgly péwdered anhydrous
tr;phgnylmethylphbsphonium bromide (5.46 g, 6.90 mM) was
‘tﬁen added in small po}tiops at such-a rate that the blue
colour of the ammonia changed.to slightly;brown. After’
the additioq-was complepe, theAreaction mixtufe waé
\\Eefluxed (£33°) for 30 min'before the ammonia was allowed
to slowly evaporate. The solid gfeéﬁ—yellow residue was

> -

then dried at room temperatureesunder reduced pressure

»

(0.01 mm). This material was refluxed invanhydrous
bénzene.(40 ml) for.loymin, éooled to room temperature,

and filtered under argon to afford a bright yellow solution
of the ylid. The concentration (0.17M) was determined

by titration of the phasphorane with a standard sqlhtion

of butanal in benzene: The Wittig reagent could be kept

under argon at -15° for several months without ‘appreciable

decomposition.



:?ripﬁéhyamethylene Phosphorane 137

salt free trlphenylmélhylene phosphorané was added to a

"bicarbonate (30 ml) was added After stirring at 0

~ e~

-

;Thé-ptocedure of Staab et 2&.145a‘was used in this

a
= A benzene solutgpn (0. 17M 20. 4 mly 3.46 mM) of

reaction.

st;rred solution-of imidazolide 136 (1 57 g, 3. 46 mM)
in énhydfdus benzene (30 ml)_ at such a rate that the
xnltlally produced yellow colour ‘of the phosnhorane faded
away to cplourless; the addition took 30 min. The

-
mixture was stir{ed at room témperature for.2'hr before
the solvent was evaporated. The ice-cooled residue was
dilut?d with-ether (40 mg) and then agueous® satut‘ted sodium
for 10 min, and then at room temperature- for 5 min. bhe
mlxture was separated and the aqueous layer extracted
with ether (3 x. 25 ml). The combined ether layer‘was
washed with aqueous saturated sodium chloride_(ZO.ml),
dried (N52§O4) and evaporated. The residue was fu;ther
dried by coevaporatiod with anhydrous benienecpd give
2.25 g (98%) of 137 as a pale yellow liquid.

-~~~

ir (CHC1 ) 1675 (s), liaﬁ (bbs), 960 (s), 850 (s)

3

pmr (CbCl,): t 2.2-2.7 (m, 15H), 6.1 (m, 1H), 6.28 (bd,

1H), 7.1-7.8 (m, 2H), 8.0-8.5 (m, 3H),
8.56 + 8.59 (s, 9H, ca. 3:1), 8.60-9.05

(m, 9H), 9.9 +°10.0 (s, 6H, 1:1)°

N

14



S-tert-Butyl 3§-(tert-Butyldimégﬁyléi1oxy)-10§,11§-epoxy-

- . : ‘ .
. 7-oxo0-2R,4S,6R,10S-tetramethyltridec-8 (E)-enthicate (138)

- . ..200.

N

7

\fA so}ution of (+)-phosphorane 137 (2.25 g, 3.41mM;
and (+) -2R, 38- epoxy-ZR-methylpentanal }9} (780 mgqg, -
6.8 mM) in anhydrous toluene (20 ml) was stirred at
100° for 10 hr and thén refluxed fo} 30 hr. ‘The reaction
was cooled to room tehpg;ature, the solvent evaporated
and the résidue triturated wifh anhydrous pentane-(s X
20 ml). Evaporation of the'combined pentane extract
gavé an amber liquid which was chromatographed on'silicic
acid»(ibﬂ g;‘carbon tetfachlofide—chlokofprm)‘tc divé
880 mg "(52%) of chromatographically pure 138.
'1r CCHCI {j 1690 (s), 1675 (s), 1630 (m). 960 (s).

- 880 (m), 845 (s)

Ve

Upmr (CDCly): T 3.31 (d,°J = 16, LH), 3.62 + 3.65 1d, (.

J =16, 1H, ca. 5:4), 6.16 (dd,.J = 6.8,
2.9, 1H), 7.1-7.5 (m,.3H), 8.1-8.6 (m,
5H), 8.55 (s, 12H), 8.7-9.0 (m, 12H),

9.1 (s, 9H), 9.9 (s, 6H).

« .
‘See footnote on page 191.



§-ter£—8utyl 3§-(tert-Butyldimethylsiloxy)-10§.11§-

» o . Y
dihydraxy-?-oxo-2§,4§,Sgw10§-tetramethy1tridec-8(g)-

.. »

- - enthioate (;}Q' . o .
: ’, L

Aqueous-2.1N sulphuric acid (1.67 ml, 3.5 mm) was
added to a stirred soiutién of epoxide ;gg (880 mg, 1.76
mM) in tetrahydrofuranﬁ(lo ml). The reaction was then
stirred at room temperatﬁfe for 44 hé, cooled to 0° and
diluted with cyclohexane (30 ml) and water (30 ml).
The mixture was carefully taken to pH 7'by the addition
of solid'sodium bicarbonate. After separation, the
aqueous layer was extracted w;th cyqlohexane (30, 25,
20, 15 ml). The comblned organlc layer wags wa!.ed with
agueous satu;Qted ;odlum chlorxde (15 m1), dried (Na2804)
and evaporated to give approximately 1 g .of a-colohrless
liquid. This material was chromatographed on silicie
acid (80 g, chloyoform) to give 740 mg (81%) of chrdmaté-
graphically pure 139. . S
ir (cHCl3): 3470 (bm), ibs0 (sh), 1675 (s), 1630 (m),

960 (s), 850 ") . )

pmr (CDC1,): z 3.12 + 3.14 (d, J = 16, 1H, ca. 5:4),
 3.53 + 3.55_(d,"a'= 16, 1H, ca. 5:4),
6:17 (dd, J = 7.4, 2.8, 1H), 6.6 (bdd,
J = 5.5, 2;5, 1), 7.0-7.5 (m, 2H + OH),
7.5;7.9 (bs, OH), 8.1-8.6 (m, 5H), 8.45 (s,
9H), 8.6 (s, 3H), 8.6-9.0 (m, 12H), 9.0 (s,

9H), 9.85 (s,.6H).

201.
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Recrystallization of 3-Chlorpperbenzoic Agid
.

~ . Y a

aAn abbrevidtéd'procedhre for this purification
has been repdrted by Schwartz and Blumbqrgs.l‘L A
more detailed description of the-conditidhs is given bhelow.
A solutid; of.commercial‘31chlordpérben£oic_acid
(85%,;10 gJ in benzene-ether (1:1, 20Q ml) was washed
with phosphate buffer (pH 7, 3 x 25'ml).  The orqqn}c
layer was dried (Mg?04) and evaporated. The residue was
‘duspended’in anhydrous dichloromethdne (100 ml) and
filtered to removevény undissolved matefial The
filtrate was dlluted w1th pentané.(loo ml) and stored
‘at ~10°* for 13 hr. The prec1pitated peracxd was collected
by fx;Lrat;on. Iodometrlc titration showed that the
white, electrostatic needies.(mp 94—95?) were greater
than_99% pure. The recrystallized quacid could be
stored:ih a plagtic bottle dt.—10° for several months

-
without decomposition.

Gyclohexanecarbonyl Chloride

Oxalyl chloride (25 4 g, 200 mM) was added to a

"3
'solutlon of cyclohexanecarboxyllc ac1d.(!2 8 g, 100 mM)
in. anhydrous benzene (250 ml) at 5°. - After 24 hr at.
'rdpm tgpperature the solvéﬁt was evaéorated“énd the residue,
'distilled toinge 13.8 g (94%) of a{cblotrless liquid.

(bp '70°, 20 mm).
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§-tért78utyl Cyeclohexanemethanethioate (140)

T

- ‘ .
Thallium(I) 2-methy1propane 2- thlolate (2.94 g,

10.0 mM) was added to a solution of cyclohexanecarbonyl - .

chloride (1.46 g, 10.0 mM) in anhydrous ether (50 ml) at .
’ ) '

0°. fhe resuliing mi;ky‘guspension Was stirred at room.

4

temperature for 1 hr and tﬂen filtered throdgh Celite.

The filter pad was washed thoroughly with ether (4 x 25 ml)

and the combined ether solutlon evaoorated The residue
was distilled to give 2.0 g (100%) of 140 (bp 88°, 2 mm).

ir (CC1,): 1675 (s)

‘Cyclohexylmethyl Cyclohexanecarboxylate (141, R = c- C H CH‘%H)

Ox1dative ActivatiOn:

S . . . 3

W
R°crysta1112ed 3- chloroperbenzblc acid (518 mg,

3.0 mM) was added to a solutlon of thiol este 1594
(200 mg, 1.0 mM) and cyclohexylmethanol (342 mg, 3.0 mM) _
iB anhydrous dichloromethane (ip ml) at -78°. The .
"reaétipn was stirred at this tempe;aturg for'l hr and
then allowed to warn to room temperaturé over 2 hr.
. The reaction mixture was ‘diluted with dlchloromethane (lO m1)
'and washed with aqueous saturated sodium blcarbonate (5 ml)
dried (Mgso4)_and the solvent evaporated. The residue

was purified by ptlc to give 173 mg (83%) of 141.

-
\
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“The propertics of th13°matet1ai wore identical with those
of authentxc material propa;e}-ﬂpm cycloheXanecarbonyl
chlorxde and Cyclohexylmetha£01

;r‘xcc1 )£ 1739 tst LT

.The cyclohexanpcarboxylates of methanol (AOO%), cyclo-

B hexanol 95%), 2,4- dﬁmethylpentan 1-01 (75%), an@§ 5,6=di-
hydroxy 5- methyrﬁ3(£)-en~2-one (40%) were preparl
“similar ma§per _
' The S tert-~ hutyl thloate may also be con‘n‘~ed into
the. correspoqdlng chrbpxyllc ac1d by a modxflcaQ; ‘of this
ester1f1cat10n reactxon The carboxyli i :',df}solated
(80 90%) from a 0.1M tetrahydrofuran sol on of E" iol
~ester, 3-chloroperbenzo1c acid and water in the ratio of

1:3:3, after overnlght stirring at room temperaéure.

3§—(tert-Butyldimethylsiloxy)—IOS llR-dihydroxy-?—oxo—ZE/

4s, 6R, IOSJtetramethyltrldec 8(E‘~en01c ac1d)(l45)

~ o~

Recrystalliéed j—cﬁloroperbenzoic acid (78 mg, 0.45 mﬁ);
‘'was added to a stirred suspeﬂ91on of th101 ester 132 (60 mqg,
'O 135 mM), water (0.010 ml, O. 54 mM) and sodium benzoate _
(20 mg, 0,135 mM) In anhydrous tetrahydrofuran (Bdml) at 0°,
The'reagtion was stirred at p° for 30 min and tﬁen at room
temperature for 12 hg?' The mixture was-dilpfed'with'ethér
(10Dml), cooled to 0°, and aqueouys 0.3M sodiuﬁ'chloridd-hydkp—
'.ch10£ic‘acid (pH 3.3, 7 ml) was added. The.two phase
‘Mixture was then éétefully‘taken.to pH'3 at 0° (agarnst bromo-

cresol freen) with aqueous 2N sulphuric acid, stirred at 0o° -
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"for 5 min and then oeparatcd. The'aqucoﬁs'layek was
Iextradted with ether (10, 5, 5 ﬁl?, andvthe combioed

organic layer was washed'with aqueous saturated sodium ‘
chloride (10 ml), drxed (quo ) and evaporated to give a\’-
'whttg golid. - Sublxmation (40°, 0.1 mm) removed the |
crystaliine benzoic acid. - The pale yellow liquid xeoidue
.was.suspended'in cold (0°) aqueous 0.25N sodium.bic;rbonate/.
and washed wi th dichloromethane (3 x 2 ml). The tlc and

ir of the dlchloromethane layer 1nd1cated the presence .

of nnreacted starting th101 ester as a major component '

and a small amodnt of unldentxfled by - products which

included anhydrldes: Evaporation of the solvent left

njs m§ of yellow liquld The acqueous layer was acidlfxed

to PH 3 with aqueous 2N sulphuric ac1d and extracted |
with dichloromethane’ (3 x 5ml). The comblned organlc

phase was dried (MgS0,) and éyaporated~to give a'paLe

yellow tar.. This material was purified by’ﬁ‘fé (sflioa

gol, 2% ethanol- chloroform) to afford 20° mg (39%) of 145

~ o~ -~

ir (CHCl,): 3400-2500 (bm), 1700 (s), 1630 {(m), 745 (s)

3
pmr (CDC1l;): .1 1.4 (bs, 1H), 3.18 (cd, J = 16, 1H),.
"3.58 (cd, J = 16, 1H), 5.1 (m, 2 OH),

6.23 (bdd, J = 7. 4, 1H), 6.6 (bd, J = 10,
1H), 7.0-7.6 (m, 2H), 8.0-8.6 (m, 5H),

- . /\— -

8.69 (s, 3H), 8.6-9.0 (m, 12H), 9.1 (s, 9H),

9.95 (s, 6H)
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' : Y
Natural Methynolide (14)

A 1uspenaionj6f ﬁethymycin (150 méw 0.32-mM) . | .
in aqueous 5N sulphur® acid (7.5 ml) was stirred at
room ﬁemperature fﬁr.ZO sec and then refluxed for. 5 min.
The mixture darkeped slightly and a precipitate apvoeared.
The reaction mixture was immediafely c;oled diluted
with water (10 ml), and extracted with chloroform (20 ml,
3 x 10 ml). The organic ,phase was washed with water
(3 x S.ml), aqueous saturated sodium chlorxde (5 ml) and
dried (Na 504). Evaporation of the SOIVent gave 105

2
mg of an oily residue which was chromatqgtaphed on

o

silica gel (10 g). The eluent was initially carbon tetra-
.chloere, but was gradually changed to chloroform:. The

methynolide eluted from the column using chlorpform to

L3
give 61 mg (61%) of 14 (mp 158-160°, recrystallized from

25 . -

ether), [a]D + 63° (methanol). : v

ir (CHC1 3400 (bm), 1725 (s), 1685 (m), 1630 (m)

3):
pmr (CDC13): T 3.44 (4, J = 16.0, H-8), 3.74 (4, J =
16.0, H-9), 5.32 (44, J = 10.3, 2.0, H-11),

6.53 (bd, J

10.0, H-3), 6.83 (bs, OH-10),

.7.46 (dq, J = 10.0, 7.0, H-2), 7.60 (m,
H-6), 8.16 (m, 2H-12), 8.2-8B.7 (m, 2H-5.+
H-4), 8.72 (s, Me-10), 8.76 (d, J = 7.0°
Me-2), 8.84 (d, J = 7.0, Me-6), 9.08 (d,

J =76.0, Mc-4), 9.18 (t, J = 7.0, 3H-13).
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uv (ethanol): 225 nm (loq ¢+ 4.03)

.
max .
masg spectrum: 295 (I’-17), 254 (P-58)

\ » 6ce, -
CD (c 0.008M, dxoxan()i 25°: (0]237 24860, [”)295 + 203,

éyhthetic methynolide from seco-acid 145

A benzene solution (0.0SQ, 0.80‘m1,‘03040 mM)
of freshly d%stilied trifluorocacetic acid anhydfidn was'
added tp a stirred‘solution of seco-acid }5?’(12 mg, 0.027 m™) “
in anhydrous benzene (2 ml) at 5°. The mixture was |

stirred at this temperature for 18 hr, at room temperature

for 7 hr, and at 40° for 10 hr, before being diluted.

. z
~

with anhydrous toluene (10 mrl). . The solvent was evaporated
and the residue chromatographed on silicic acid (1.0 g,
chloroform) to give a fraction (5.5 mg) which consisted
-mainly of the desired lactone and some uncyclized dcid
}tho "wrong" isomer). This mixture was susvended 1in
aqueous O.ZSE sodium bicarbonate at 0°, and extracted with
dichloromethane (3 x 1 ml). The combinedvorganic layer
was‘re—extracted with aqueous 0.25§‘sodium bica;bonage

(1 ml), dried (MgSO4) and evaporated. Recrystallization
of the residue from ether-hexane gave 1.5 mg (lé% based

on the "right" isomer) of methynolide as whité prisms

(mp 159-161°) . Thisa;atcrial was identical i?,all"

respects with methynolide obtained from ndturally occurring

L]
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metHymycin., Most of the CD absorption 195%) of the
synthetic material at the specified wavelengths iy due
to methynolide. . N

mass spectrum: calcd }or C17"2704 (P=17): m/e = 295,1909

o measured: m/¢ = 295.1912
CD (c 0.006M, dioxane), 25°: 101237 - 23600,
(()]295 + 193, [<>|338 - 490
r ‘ a
v P4
R s

Mercury (I1) Trifluoroacetate

. I - — ——

A mixture of mercury(II) oxide (108.3 g, 500 mM)
and freshly distilled Lrifluoroszetié acid.(l37.0.q,
1.2 ﬁ) was heated at 80° fof 30 min. The excess trifluoro-
acetic acid and ‘the water formed in the reaction were
removed from the solution under reduced presdure. The

white crystalline residue was-then dr}ed (50°, 0.0 mm)

for 48 hr to givelg quantitative yield of product.

Cyclohexylmethyl Cyclohexanecarboxylate (141, R = g~C6H11—CH20H)

Mercury (I1) Activation: .
— -
Mercury (I1) trifluorocacetate (85.5 mg, 2.0 mM)

was added to a solution of thiol esger 140 (200 mg, 1.0 mM)

and cyclohexylmethanol (228 mg, 2.0 mM) in anhydrous

.

acetonitrile (10 ml). After 30 min at room temperature
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4
LR

Sy

- r
the reaction migture was filtered to remdve +nsoluble

mercury compounds. The filter pad was washed with ether

(2 x 10 ml) amd the combined organic phase .washed with

agqueous saturated sodium bicarbonate (5 ml), aaqueous

dted sodium chloride (5 ml), and dried (Na,S0,) .

The solvent was evaporated and thé residue ourified by

pt}c to give 183 mg (88%) of pure 141,

~ -

Other esters prevared using this method are

summarized in Table 9 of the text.

I3

s
0,0-Dimethyl zearalenone

Finely powdered potassium‘carbonate (3.38 g,
20 mM) and dimethylsulphate (1.546 g, 10 mM) were added
to a sblutiog of zearalenonef(590 mg, 1.228 mM) in
anhydrous acetone (40 ml). The reaction mixture was
refluxed for 18 hr, cooled to'faém temperature, and
the solids removed bv filtration through Celite. The &
filter pad was washed with acetone (3 x 10 ml) and the
combingd filtfate cvaporated. The solid residue was
récrystallizéd from ether to give 407 mg (96%) of

pure material (mp 115-116°).

ir (CHCL1,): 1710 (s), 1600 (s), 1575 (m)

3
pmro (CDCl3): 1 3.4 (d, J - 3, 1H), 3.6 (bd, J = 16, 1),
3.65 (d, J ==3, 1), :3.95 (m, 1H), 4.7 (m,
1H), 6.18 (s, 3H), 6.21 (s, 3H), 7.1-8.5 (m,

121), 8.65 (d, J = 7, 3H)



Q,Q—Dimeihylzearalenone Ethylene Ketal‘(l48) - 9.

~ o~

'This reaction and the oné following were.carried

out using the mcthod descr&&gd by Taub éﬁ il.lOSa
A solution'of-dimetthZearalenone (407 mg, 1.18 mM)

in aphydrous benzene (8.5 ml)'was treéted with ethylene

vglycol (825 mg, 10 mM), trirﬁethoxyorWOformate (705 mgqg,

5 mM) and 4-toluenesulphonic¢ acid (25 hg).  Tﬁe reaction

]

mixture was heated at 60° for 5 hm, cooled to room-
temperature dand poured into a mixture of aqueous saturated
sodium biéarbonate (5 ml) and aqgqueous safgrated sodium
chloride (5 ml). The mixture was eXﬁracted with ether

(3 x 50 ml). The organic p;ase was washed‘wi-ﬁ“u 7
bgffer (25 ml), dried (MgSO,) and evaporated. 'ﬂﬁlg
resulting o1l solidified on standing. Recrystallizaéion
of this material from ether gave 423 (92%)w0f pure ketal

148 (mp 104-105°).

): 1710 (s}, 1600 (s), 1575 (m)

.ir (CHCL,
pmr (CDC1l,): t 3.42 (d, J = 3, 1H), 3.6-3.9 (m, 3H),
4.8 (m, 1H), 6.1 (s, 4H), 6.21 (s, 3H),
— ¢

6.28 (s, 3H), 7.7-8.7 (m, 12H), 8.68 (d,

)

L TN
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2

g,g—Dimethylzearalenone Seco-acid Ethylene Ketal (}46)

7
A solution of ketal 148 (262 mg, 0.672 mM) in ’ (,

.

anhydrdus dimethylsulphoxide k3.15 ml) was trea%ed dropwise
‘at room temperature with aqueous 6N sodium hydroxide (2.0

ml) .. After 6 hr at 120° the reaction mixture was cooled

.

to room ﬁempEra;ure and pourea into aqueous saturated

sodium chloride-(lo ml). The mixture was exttapted with

. i" )

carbon tetrachloride (3 x 75 ml). The aqueous layer
was separated, mixed w1th ether (10 ml) and carefully
acidified aéainst bromocresol green at 0°. The aqueous
layer was extracted wigh ether (3 x 50 mi) and the
combined ether layer was dried (MgSO ) and"evaporated.
The re51due was.coevaporated w1th anhydrous benzene (2 x
10 ml) and flnally drled under reduced ppessure (0.01 mm)
to’givo,273 mg. (98%) of seco-acid 146.

~

ir (CHC1,): 3500 (bw), 1715 (bs), 1590 (s), 1570 (m)

pmr (CDClg): ¢ 3.25 (4, J = 16, 1H), 3.42 (4, J = 3,

-

1H), 3.72 (d, J = 3, 1H), 3.90 (4, J.= 16,

1H), 4.3 (bs, 2H, [OH]), 6.10 (s, 4H),
6.18 (s, 3H), 6.21 (s, 3H), 6.2-6.4 <

- (m, 1H), 7.7-8.0 (m, 3H), 8.0-8.65 (m, 9H),

8.82 (d, J = 7, 3H)
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E

§-tert-Butyl Thiocate of 0,0-Dimethylzearalenone

Seco-acid Ethylene Ketal (147) . ot
°

Diethyl phosphorochloridate (86.3 mg, 0.5 mM)

" dissolved in anhydrous tetrahydrofuran (1 ml) was added

'dropwlse at 0° over 10 m1n to a stirred solubion of

sec d 15§ (204 mg, O. 5 mM) and trlethylamlne - _ \3

(50.6 mg, 0.5 mM) in anhydrous tetrahydrofurah (4 ml).

After 3 hr at room temperature the reaction mixture
\] .

‘was filtered through Celite to remove the precipitated

b [

trlethylamlne hydrothorlde. The filter pad was washed

ATy

trahydrofuran (2 x 5 ml) and the “Csgbined
bd with thaltﬁum(l) 2-methylpropane-2-

Mg, 0.55 mM). After 18 hr at ‘room temperature

with aphydr

filtrate‘t ea

the milky white mixture was filtered through Celite,

.Ehe filter pad was washed with tetrahydrofuran (10 mlf
and the combined flltrate evaporated. The re51due,was~
dissolved in ether (25 ml), washed witﬁlwater (25 ml)
and aqueous saturéted.sodium chloride (2 x S-ml), and
df@ed (Mgso;). Evaporation ef the eolveng‘gave 237 mg
(98%) of chroﬁatographically pure.}fz.

ir (CHCl,): 3620 (w), 1665 (s), 1600 (s), 1575 (m)

3
pmr (CDCl,): 7 3.35 (4, \ = 3,4‘;), 3.6-4.05 (m, 3H),

' ' 6.1 (s, 4H), 6.2 (s, 3H), 6.25 (s, 3H),
6.2-6.4 (m, 1H), 7.7 (bq, J = 8, 2H),

8:2 (bs, OH), B8.45 (s, 9H), 8.0-8.7 (m, .

g
10H), 8.85 (d, J = 7, 3H) -
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mass spectrum: 480 (P) . "' s .
7 N _ .

Cycllzatlon of 147: Mercury(II) Actiwation

~ o~

Ketal thiol"ester 147 (100 mg, 0.21 mM)" was
cyclized in 90% isolated yield to Q,Q7diﬁethylzeafalenone
qthyiene ketal using éhe same‘p;ocedure given above for: ’
.cycldhexyimethyi-cyélohe;anecarboxylaté. ‘The material

was identical in all respects to authentic material.

3-(tert- Butyldlmethy151loxy)methynollde (natural) " (149)

~ o~

tert- Butyldxmethylchlor051lane (13.3 mg~ O 088
mM, 1. 25 equlv) was added to a solution of imidazole
(12.4 mg, 0.18 mM, 2.5 equiv) ang naturally derived
methynolide (23. 0 my, 0 074 mM) in anhydrous N, N-dlmethyl—.
'formamlde (0.50 ml) The solution was maintained at _
60° for 64 .hr, cooled to room temperature and the vent
removed“under reduced pressure (0.01 mm). The reﬂe-
was dlssolved in dichloromethane (10 ml), washed w1th
water (2 x 1 ml) and dried (Na SO ). The solvent was

evaporated and the re51due purlfled by ptlc (5111ca gel,

ethyl.acetate—hexane 1:2) to give 4.7 mg (15%) of 149.

~ o~

ir (cucl 3400 (bm), .17.25 (s), 1690 (m)., 1630 (m),

3)°
850 (m)-

K.
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pmr (CDC1;): 1 3.44 (d, J ='1s.o,"§-—a), 3.69 -(a.'és' 16.0,

C H-9), 5.28 (dd, J = 10.0, 2.5, H-11) '

.°6.38 (bt, J.- 5, H-3), 6.43 (bs, OH-10),

7.25-7.7 (m, H-2, H~6), 7.7-8.5 (m, H-4,

2H-5, 2H-12), B.64 (s, Me-10),.8.77 |

(4, 3 =7, Me-2), 8.83 (4, J = 7, Me-6),
9,1 (@, 3 =6, Me-4), .9.1 (t, 3'= 7,

3H-13), 9.11 (-. tert-Busio-3), 9.95 (s,
2 Me810-3) - | |

'3—(tert—Butyldimethylsiloxyimethynolide (synthetic) (149)

-

-Mercury(il)'trifluoroacetate (86 mg,. 0.20 mM).
was added to a solutlon of thiol ester 139 (50.6 mg,
0. 108 mM) in anhydrpus acetogltrlle (10 ml). After
2 hr at room temperature the solvent. was evaporated
. and the residue suspended in ether'(IS ml) and’ flltereda
to remove the insoluble mercury-compounds The filter pad
was washed with ether (2 x 10 ml) and the-comblned ether
;Iayer washed with aqueous sagurated sodium b1carbonate ‘
(2 x 5 ml) and aqueous saturated sodlum chloride (2 x 5 ml).>
The aqerus layer was then back extracted with ether
(2 x 25 m1l) and the combined ether phase dried (MgSO ) and
.~evaporated to give 4% mg of crude materxal A sample was -

ourified by ptlc (silica gel, ethyl*acetate—hexane'1:2),
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»
The pmr"ngotrum of this‘Material was identicallto that

o
of the nﬁ}urally derived sxlyated methynoglde. The

crude pr&‘tct was used directly in the next reaction.

Tetrabut}lammonium,fluoride

¢
) _ The reaction, s carried :out according to the
- .procedure reported by Corey aad wnkngomrlu.“-’, _
Qz)"j%Aqueous AO% tetrabutylammonlum hydroxide (23 4 ml,
IOLAM) was neutrallzed with 48% hydrofluorlc acid (ca. 0. 275 iy
'ml) ét 0°. The solvent was removed undet reduced pressure .
(0.01 mﬁ), and the residue dried by coevéporatidn with
'benzene acetonltrlle fl-l, 2 x .50 ml) followed by, final
‘drylng under reduced pressure (0.91 mm) for 24 hr at 35°.

~Synthet1c methynollde (from hydrolysxs of 511y1 derlvatlve 149)

PP

e

A tetrahydrofuran éoiution (0'3M,;o;aso ml, o 26 i)
’of tetrabutylammonium fluoride was added. to a solutlon .

of the previously obtained siloxymethynolide 149 (46 mg,
'9.108 mM)-in anhydrods tetrahydrofuran (5 ml).- After

30 hf Qt room teﬁperature the solvent was removed and the
" residue purified by ptlc (silica gel, ethyl acetate-hexane ;
1:2) to give 10.1 mg (30%) of synthetic methynoxidé.
Récrystallizatiohvfrom ethér-hexane gave 9.2 mg of white
crystals (mp 158~160%). fThis material was identical to

the naturally derived methynolide in all respects.

l
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' 1-8,2-Diacetoxydesosamihe Hydtochloride (gggr
r — A -

.

Desosamine was obta.ned by degradation of
erythromycin according to the method reportged by Flynn

and cowor:_kers.6

\~.

Acetic'enﬁfdride (2.§ ml) was~addeé to a suspension
of desosamine defochloride (564 mg, 2. 67 mMY in anhydfoug
pyfidihe.(ztb ml) 5£ 0°. The resulting solut1on was L ';; -
_@tirred at room temperature for ‘18 hr, the solvent !‘ﬂnVed!'
~undet reduced pressure (0.01 mm), and the residue triturated
with chlbroform-ethyl acetate (1:1, 10: ml). The 89“1(:1:\9
?tecxp;tate was collected by filtration and dried ath
roaﬁ’temperature under vacuum (0. 01 mm) to give 615 ﬂb
(78%) of fme white crystals (mp 194 195.5°, decomp),
Ia]D + 4.8"(9 1.0, H,0). | .

pmr (cocky): T 4.32 (d, J.= 7, .15), 4.88 (dd, .JA = 10.5,

1 7, 1H), 5.7-6.2 (m, 2H), 7.15 (bs, 6H),

- 7.69 (s, 3H), 7.92 (s, 3H), 8.1-8.6 (m, 2H),

‘- B.65 (4, J = 6, 3H). | | .

l—u—Bromo—Z—aceto*ydesosahine Hydrobromide (154) P

Acetlc anhydrlde (0.050 ml) was added;to a solution
of dlacetoxydesosamlne hydrochlorlde 153 (23,7 mg; 0.08 miM)

in a 30% acetic acid solution of hydrogen bromide (0.20 mkey

0.98 mM). After 1 hr at room temperature the solvent

" was removed under reduced pressure (0.01 mm). The res
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- was coevaporated with chloroform (2 x § hl),to'give 28;9lmq

(100%) .of crude crystallinl{ 154

[alD

for use in further re ions.

o pmr (éDC13)? T 3.3 (4,3 = 4,

+ 207° (c 1.1,

-

(mp 159-168°, decomp),

ich was sufficiently pure

!

1H), 5.0 (ad, J = 11, 4, 1H),

5.3-6.3 (m, 2H), 7.0-8.3 (bm, .6H), 7.69 (s, 3H),

8.0-8.6 (m, 2H), 8.65 (g, 3 =6, 3H)

. . .- : 4

1-B-Cholesgeryl-2-abetdxydesosamine Hydrobromide (155)

-

Gbolestétol-

(52.4 mg, 0.136 mM) and freshly:

" prepared bromodesosamine,}§f (147 hg, 0.41 mM) were dissolved

-~ ' in an anhydrbus solution of chloroform” and lutidine

(1:1, 2.0 ml). After 18 hr at 50° the solvent was

removed under reduced pressure (0.0l mm) and the residue

chromatog}aphed on.silica gel (3 g, cﬁloroform-methandl

40:1) to give 65.3 mg (72%) of 155 (mp 252-254°, decomp).

~ -

pmr (CDCl,) - isolated meaks: 1 4.66 (d, J = 6.5, 1H),

\:m
.
elemental analysis:

5.05 (ad, J = 10, 6.5, 1H),
5.5 d, 3 =7, 1H), ~
6.1-6.7 (m, 2H), 7.19 (s,
6H), 7.74 (s, 3H). '
calcd for C,.H . J ,NBr: C, 66.55, H, 9.81.
- N, 2.10
found: C, 66.49, H, 9.50
N, 2.29

!
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‘l-a and 1-8-(2,44D1methylpentan-3-yl)*2-acetoxydesosamine

Hyd;obromide'(}§§)

A miituze of a- ano B-glycosides‘(G?% yield) was
obtained- startlng with 2,4~ dxmethyloentan 3-01 (53 mg,
0.50 mM) using the condltxons ngen above for cholesterol
. The pmr spectrum of the oroduct was compllcated
but a doublet at t 4. 36, J = 5 Hz was assigned to the
‘anonetic préon of the a-glycosi;e, and-a doublet at.

T 5.70, J = 8 Hz to the B-anomer. Integration of the

spectrum indicated. that the product consisted of an

approximately equal mixture of the two anome;s.

2'-Acetoxyﬁethymycin (natural)

>

. Acetic anhydride [0.20 ml) was added to a. solution .
of ‘naturally derived methymycin (17.8 mg, 0.038 mM) in
anhydrous pyridine (0.30 ml) at 0°. After 18 hr at

'}oom temperature the solvent was removeé under reduced
pPressure (0.01 mm)' The re31due was purlfled by ptlc
(silica gel, chloroform-methanol 9:1) to give 8.9 mg (46%)
of 2'—acetoxymethymyt1n and 5.4 mg (26%) of the known

Y

‘2',10 dlacetoxymethymy01n.
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.2'#Acetoxymethymycin Hyarobromide (natural) (157)

A chloroform solutxon (0. OlN 2.45 nl 0.0245 mM,
0.9 equxv) of hydrogen bromide was added dropwise over
.7 min to a solution of 2'-acetoxymethymycin (14 mg,
0.0273 mM) in chloroform (0.50 ml). After 3 additjonal
min of'stirtin% the solvent was evaporated to give 17
mé of crude mater;al.‘ Porificat{on by pFlc,vusihg the
same system as above for the . free amine, yielded 15 mg
(120%) of pure hydrobtom%ﬁe. | | )
pmr (€DC13): T 3.41 (dkJ = T6, H-8), 3.70 (a4, 3 = 16,
: . H-9), 5.2 (t, 3 = 7, H-2'), 5.27 (da,
I =11, 2, H-PM 5.7 (4, 3 = 7, g;l'),
6.3-6.7 (m, 1) ¢ 7..02-2.6 (m, 4H),
7.45 (s, nlch3r5)}.7.936(s, CcH5co),
8.91-9.0 (md, 22H), 8.65 (s, Me-10),

9.1 (t, 2= 7, 3H-13).

o]

2'-Acetoxymethymycin Hydrobromide (synthetic) (157) ‘

A solution of synthetic methynolide (13 1 mg,
0.0419 'mM) in anhydrous chloroform (0.20 ml) and lutidine
(0.50 ml) was added to a‘solution of freshly prepared
bromodesosomine 154 (73.2 mg, 0.20 mM) in chio;oform
(0.30 ml). After 18 hr at 50° the solvenilwas removed

under reduced,préssure (0.01 mm). The residue was.
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’
Purified by the same method as the natufal material to
give 10.7 mg (50%) of 157 as a colourless oil. The ir
spect @ of this product was suxl}imposable upoh that ..

of thﬁatu.rally éerived 2'-acetoxy'methymycin hydrobromide
except for a gﬁdll péak at 1012 cm~! attributable ta the
q‘.pjcosidef The pmr spectrum of the product showed Fhat
approximately half of the material was the desired |

. [~

.B-glycdside. There was 15-20% of the a-glycoside, and
‘the. remainder was unknown material.. Nq attempt was made
to'éepaféte the anomeric mixture at this stage.

Methymycin and epi-Methymycin (synthetic)

‘The previously obtained mixture of a- and B8-2'-ace-

toxymethymycin hydrobromides (10.7 mg, 0.021 mM)

was dissolved in a mixture of methanol, water and triethfi-
amine (40:10:1, 0.5 ml)f After 4,5 ‘hr at room‘température the
solvent was rémo;ed_under réduéed pressure'(0.0; mm) to
‘give 10.2 mg of colourless oil. Purificatibg by ptlc

(silica ‘gel, chloroform-methanol 8:2) yielded 5.0 mg

(25% based on methynolide) of méthyﬁy?in and 1" mg of

oily epi-methymycin. RecrYStallization of the synthetic
meihymycin (B-glycoside), which has the natural configuration,

from ethyl acetate gavé 4.7 mg of fine white needles

23

(mp 193-196°, decomp) , [G]D

*+ 66.0° (c 0.40, CHCl,).
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ir (CH 1730 (s), 1695 (8), 1635 (s)

pmpe (CDClj): T 3.5,(d, J = 16.0, H-8), 3.7 (4, J = 16.0,

[

H=-9), 5.25 (a4, J 10.0, 2.8, H-11), -

5.75 (4@, 3 = 7.5, H-1'), 6.4 (bd, J 10,

H-3), 6.4-6.7 (bs, 2 OH), 6.8 (dd, J = 10.0,

7.5, 5-2'),'7.%17.8 (m, H-2, H-6, H-3', H-5"),

~

o M '
.72 (s, N[CH3]2), 8.0-9.,2 (m,” 7H),

.55 (d, J = 7, Me-5'), 8.62 (s, Me-10),

[
@ -

: [ J .
.75 (4, J = 7, Me-2), 8.82 (d, J = 7, Me-6),

8.95 (d, J = 6, Me-4), 9.1 (t, J = 7, 3H-13)

epi-methymycin (a-glycoside)

pmr (CDC13): T 3.4 (d, J = 16, H-8), 3.7 (4, J = 16, H-9),

4.92 (a, J = 4, H-1'), 5.25 (a4, J = 10,
2, H-11), 6.15 (bs, OH), 6.35 (d, J = 10,

H-3), 6.5 (asym.q, H-2'), 7.0-7.8 (m, 4H),

7.7 (s, N[CH3]2), 8.1-8.6 (m, 7H), B8.6-9.0 (m4a,

15H), 9.1 (t, J = 7, 3H-13)



PART 11

NEW REAGENTS FOR ORGANIC SYNTHESIg//A\‘

CHAPTER 1 \\:>

A GENERAL SELECTIVE SYNTHESIS OF THIOL ESTERS

s 90
‘* During our synthetic study af the macrblide anti-

biotic methymycin, it became necessary to empioy a v
\ ‘ ‘
prétecting group for a carboxylic acid which was relatively

4stable to both acid and base, and which could be easily

o

removed, For several reasons, we décided that the thiol

ester function might serve.lhis'purpose. To our surprise,

-

however, in spite of the ever increasing interest in the

N 1624

enzymatic synthesis of acyl-Coa and its involvement

in‘fatgy acid biosynthesis (acyl transfer reaction),162b

there has never been developed a“ ' general, selective
method to prepare thiol esters f;;m carboxylic acids
and thiols which is applicable to sensitive, complex
6rganic substrates.lSIa

There were two reeently reported procedures which
were useful in certain cases, but both methods seem to be
limitédiin scope. The’proceduge reported by Mukaiyama
et al. in which a carboxylic acid is reacted with a
disulphide and triphenYlphosphine,lOSd' 107¢,d, 110
is applicable to the preparation of pyridine—2-thiol and

benzenethiol esters, bué not to that oPfalkanethiol

esters. A possible mechanism for this reaction is
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given in the following scheme.

" 4
R'COOH 0]
(C,H.) ;P + RS-SR—— (C_H.) ,PT~SR ——n = R'gQP(CH)
65 3 653 ° o kel 3
-SSR (*SR
° »
—* R'COSR + (C6H5)3P(0)
) o '
R = pyridine-2-thiol, benzenethiol .
The other method;'reported by Yamada et 1.,163 involves

the reaction of diphenylphosphorvl azide or diethylphosphoryl
£yanide with a carboxylic acid and_q,fhiol ta

‘producg\ﬁhe corresponding thiol esté;. This reaction
unfortunately proceceds well oniyﬂ#{th“less substituted
(mainly primary) alkangthiois. The reaction probably

follows the pathway given below.

-

. o -
1] Et,N il ﬁ R"SH
RCoon 4+ (R'O),PX ——=—— (R'Oy,P-O-C-R ———a RCOSR"
. - DMF 2

We were able to easily climinate the remote possibility

that (C2H50)2P(O)SC2H5 is an intermediate in Yamada's

-

synthesis since no reaction occurred between this compound

- and cyclohexanecarboxylic acid in N,N-dimethylformamide

.

even in the prescence of triethylamine. If we accept the

mechanism described above, it is obvious how we have to

modify the reaction conditions in order to improve thoe
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4 -
Ny ."\".f"“, . ' ‘: .
efék#& y and yield of the procédure. ﬂirstly, a more
effective and selective synthesis of carboxylic phosphoric

anhydrides is requi}ed, and secondly we need to provide ¢

" a str%ﬁqer driving forcé3n the‘secéﬁd étep in ordé:'to .

ek . . ~

-bring the reaction to completion. The reaction'sequénce

that we found to be most satisf?ctory is formulated

-

_below.
(C,H0) ,P(0)CL 75 T1(I)SR' .
RCOOH —p— - (C2H50)2P~O~C—R ————— RCOS
Et N in .THF
3 : [
N ‘ )
We .chose diethyl—phosphorochloridate164 because

of its high selectivity towards the carboxy group with
respect  to hydrziy) a requirement that must be met in
many cases. Both cyclohexanol and tert-butyl alcohol
were recoverad virtuall?‘quantitative]y when allowed to
rcact with the chloridate. The selectivity of this,
reagent, which is éleariytdemonstateé by. entries 3 and 4
of-Table 10, can be favo@rably combared with that occurring
with the methods involving triphehylphosphine and carbon
tetrachloride (or éonventional halogenating agents)’
which react with bothAthe carboxyl65 and hydroxy groups.lGQ
The triethylamine irochloride produced in the
first sﬁep of the reaction quanti;ativcly precipitates
from thovtvtrahydrofuran solution and is remdved by
filtration. This ensures the ccaplete formation of the

\
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~

Table 10: Examples of the Thiol Ester Synthesis

Entry Praducg. ‘ _ Yield (%)
1 R = C(CH;), 94
R = CH(CH,), 90 ®
COSR - . o
O— R'= (CH,) ,CH, - 91
R =

Celg 92 .

to

90
)
3 R = C(CH.) 86
3’3
R_=‘CH(CH3)2 90
‘R = (CH2)2CH3 86
:"..
=7 '
4 CH3(cu2)5cu(ou)(cnz)locosc(cn:;)3 84
" s | R = C(CHy), 89 .
<:::>-CH20CO—N R’é CH(CH3)2 93
° R = (CH.)_CH 95
COSR ( 2)2

3 .

Elemental analyses and spcct’ data of "all products are

consistent with those formulated in the Table (sce experimental),

\

‘



K - | L ‘ 226.

1ntermed1ate anhydrlde and also avoids some complxcatlons
that may arise with the use of other phosphorat;ng
agents.163 167 for 1nstance, when dxphenylphosphoryl
azide is used to prepare the mixed anhydride, compounds
derlved v1a a Curt}us rearrangement of the carboxyllc
;acid azide are the usual products 1solated from the
react1on._ Only when a good nucleoph11e<(am1ne or Ehiol)
'is present in thé oniginallreaction mixture ie’the ’
correspondlng amide or thloate formed as the major product.
.Yamada has used this ready formatlon of the azide in a
‘modified Curtius-reaction to form urethanes and»aleo in

peptide 5ynthesis.167a.

The carboxylic phosphori¢c anhydride is rather

labile to heat and base and is prone‘td disprbportionq}elsa
. &

according to the following equation.

o] O :
C- = > . '
2 (R 0) P O~-C-R - \GRC.O) 20 + O) 2?0] 20

-
* Because of Epis thermal instability, ‘the ensuing last
step reduires an appropriate thiolatedcounter—ion thar
brings the reaction to completion with high efficiency.
Among several common cations which we tested, such as
sodium and potassium, we found that thallium(I) was Ehe
Most satisfactory, because of the ease of preperation and
the reasonable solubility in aprotic solvents of its

crystalline thiolate salts. Thus, we prepared the yellow

thallium(I) salts of primary, secoanry, and tertiary

C
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alkanethiols by reacting thallium(I) ethoxide with the -
thiols in benzene at room temperat re. The thioiate-‘

)

salts precxpxtated from the benzene and were 1solated
ln expellent yields by fxltration. * '

~{ 0vernxgbt stxrring at room temperature of a mxxture
of the carboxylxc phosphoric anhydr1de and a’ thalllum(I)
thxolate produced the correspondlng, very clean, th101
ester. This method is applicable to even a reactive
thlol ester such as pyrldlne 2wth101 (entry 2) and aepears
in some cages to supersede the methods employed )

previously because of its simple workup procedure.

Pyridine-2-thiol esters have previouely been prepared

~e1ther v1a the aciq chlorlde or by means of dlcycrohexyl—

107a,»

carbodlimide, and later by Mukaiyama et al. and

*
by other grouvbs, using triphenylphosphine and the corres-
ponding;disulphide. This latter procedure very often
involves a tedioﬁe workup in order to separate the

.

pure product from the triphenylphosohine oxide that forms
concomitantly. Needless'to say, in' the case of a hydroxy
carboxylic acid, the selectivity of the new .method allows

the hydroxy group°pf the resulting alkanethiol ester

to be -operated upon, followed by further conversien of the

~carboxy group. Of course, in cases where the acid

chloride is available, and thus the selective activation

of the carboxy group is not demanded, the reaction

«



of the thallxum(I) thiolate dxrectly with the. acid

. chlorxde (see Part I,~Chapfer 7) 1s the pteferred method
. of preparzng the thiol ester. ) ‘ '

The mild._selectxve synthegis of thiol elters.

-

» developed to meet the demand whlch orxginated in thn

-

. macrolide dynthetic, has’ been successfully applied to many

:Acompounds includlng natural products, such as cytochalatins

. and zearalenone.
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 CHAPTER 2

NEW_ORGANOCUPRATE REAGENTS ’

. A) Inrnoouowioﬁ

onganocuprates were first discoveted 1n 1936 -

169 when he obsetved that if a aecond

by H. G;lman )
7oquiva1ent ot methyllithium uas added to-a- auapension of
methylcopper, then the yellow precipltate ofdfhe latter

spec;es dissolved to give a tan solution.
o 2 LiCH; + Cul — LiCu(CH,), + LiI

, As work in this area ‘of chemistry progressed
three main classes of organocuprates were develooed
(I).homocuprates (LlCusz, (2) mixed homocuprates
fLiCuRR'] ~and (3) heterocuprates [LiCuRHet]. The

'.ectuai structure of these, compounds is not yet known,
~but they are usuallx\notated as above on the basis of
' stoichlometry and convenience. » :

There afe three general methods for the preperation

-

of homocuprates.

1) 2 LiR '+ CuX — LiCuR, + LiX

2) LiR + CuR ——= LiCuR,

3) 2 LiR + L-CuX -————-LiCuRz—L' L = ligand

The use of a complexing ligand such as tributylphosphine

both stabilizes and solubilizes the resulting homocuprate. .
N . v

229.
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This third method allows the preparation ot cuprates
with R consisting of a secondary or tertiary alkfl group.
even in cases where the former two methods faxl »
In the mid~1960'a organocuprates became of
increasing interest as thelr synthetic ut111ty wasr
s d.vclopcd ' SOQe ot th‘ nljor applications of honocuprates
to organic synthesis are outlined on the f0119w1ng

few pages. ©

- . 170 ’ (o]
.Coupling Reactxons: LiCuRz —-—-- R-R

The oxxdlzlng agent is UEually oxygen, copper(II)
salts or: nltrobenzene. This reactlon is a useful

compllment to the Wurtz coupllng of alkyl halides. Two

examples of this couplxng reactlon are-glven below.

. 2 91C4H9 + Cul - P(C4H9)3 —— CgH, .
'. \ - - '
2 Li~y + Cul P(C4H9)3 —— /V\\/
. ’ stereoselective

.. . . (o]

Reaction .with Aryl, Alkyl and Acyl Halides: ’

This.reaction is superior to that‘of organocoppér(l)
compounds (CuR) with.halides. However, the disadvantége
of the reaction is that a five-fold excess of the cuorate
is usually required for complete reactlon. Saturated halldes
are more reactive than aryl halides. In addition, sulphonate

.esters also react to produce the coupled producté.
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: LiCu~(CH3)2 e ref 171

LiCu(CH3)2 -_— ref 172

.

R

=1 + LiCu(CH;), ——C, H,,

C10H21

<

- . ) - . . = ’
CgH, ;=X A L1CuLL\)2 -f——-csﬂll—fg X = I,Br,C1,0Ts
Other features of this coupling reéqtion are that the
cuprate usually reacts with allylic halides via an

SN2 mechanish rather than by the alternative SNZ'
pathway, aﬁd that carbonyl protéction is often not

'reguired in a competition reaction because of the high

relative selectivity of the cuprate. Lithium dialkyl

. and diphenylcuprates also react clea.}y an&&under mild

- conditions with various carboxylic acid chlofides o

a

give the_gorresponding ketones in good'yield.l75
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LiCu .\62 —_— ref 172, 173

e x.icm#‘x)2 a - ~ ref 174

Reaction with Epoxides:

. Organocuprates react more efficiently thah
organollthlum compounds with oxiranes to glve secondary
alcohols via a‘glospec1f1c nucleophilic- Openlng of
the oxirane ring. "Again because of the high relative
se}eétivity of the cuprate, carbohyf protection is not '
alwayg necessary. Allylic epoxides occasidLally
undergo 1,4 addltlon giving the E- allyllc alcohol as
the major product. Howeve:, this openlng is dependent R

on the géometry of the substrate, and usually'y,Z addition

pPredominates (see Part I, Chapter(S).
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_ 8
Y Y .
. , O. ‘ . - . » .
CH:._ \/<l . + LiC\_:(Cl-l3)2 —_— ‘ CH3 ref 127¢
. ‘ R T
+ LiCu(CH;) , ———s CH; ref 127c
M + LiCu(n-C4Hg) , ——> ref 128a
: - CH ot :

3

_~OH
4 - : SCHy
O . "+ LiCu(CHy)y o 4+ ref 129
. g A OH A
CH"“C

3

Y
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Reactions wiih'anquated Enones: ~&2}

0rganoéuprate reagents add to a, B-unsaturated
ketdnesaand esters, and to allylic acetates in al,4’
fasﬁion;' This reaction has peen used extensively in
organic synthesis, éspecially in dgzes,where stereo;
selectivity is required. 3§evera1 examples are given below.’

L

H.C
3
+OACc CHa ~OACc
. o
+ LiCu (CH3) g —— ref 176
H
CHé .
/‘\(R CH3 M
. + LiCu(CH.) —_— <
OAc 372 |\(|::/LR ref 177

3

. O‘ i
+ LiCu41§)2 —_—— [:it:L\<§9 | ref 178

O~
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" The second step in the development of organocuprates
was‘the'prepdration of mixed homocuprates ofjthe form °
LiCuRR', which would allow specific transfer of one of
the R groups. If the cuprate (CuRg')_ is viewed to he
an ion composed of a cation (copper) and two anions
(R'and R') with a net charge of minus one, then it has .
been found that the group which is not transferred is the
~ one which é%n form the more stable anion. Thus, the best
choices for a non-transferring group wduld therefore include
alkynyl and cyanb groups, since they form stable anions.

»

For example, if R is an alkvl group and R' is cyanide,
the less stable alkyl anion is transferred. QAlthough )
such groups (alkynyl, cyanide) appear to offer the greatest
selectivity, there is often a drawback with the mixed
cuprates since the Feactivity of the second‘(transferable)
organic -grouvb in the.cuprate is significantly decreased
by inclusion in the complex, relative to that which
would be expected from the oorresponding symmetrical
homocuprate. The selectivity of transfer was found to be
the same for reactions of the mixed cuprate with both
halides and enones.

The reason for developing these mixed cuprates
was based on the limitations of the homocuprates. One
limitation is the need for athree to five fold excess

of the cuprate in order to obtain complete conversion

of the substrate. A second disadvant& of the procedure

o
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is reflected in the stoichiometry of the reaction i.e.,
only one of the two alkyl groups of the cuprate 1is
norﬁally converted to the product; the second is usually

lost to thermal decomposition of the resulting alkyl-

 copper(I) compound formed in the reaction. Another

reason for the development of the mixed, cuprate was
the high thermal instability of .secondary and tertiary
dialkylcuprates which made them difficdit to use.

Several types of mixed cuprates have been developead. )

The first mixed cuprates were of the form LiCuRR',

where the R graup was alkyl or alkenyl, and R' was

alkyny11179'180 Corey and Beames181 used the following
synthetic scheme to prepare a mixed cuprate.
o
CpRr t———»IuCuRrRt
. : {
y Rr residual R group
Rt = transferring R group
- ) [o] o .
e.qg. C3H7—CEC—Cu + RtLl ———:L———> .
Re

Rt = —C4H§, tert—g459,—CH2 CH2 ) '

.
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An extension of this idea was reporte® by

18 . ' R
2 In their cuprate the residual group

Levisalies et al.
was a éyano function, which is isoelectrbnic with the
alkfnyl groups used by Corey. This cyanocuprate is
reported to be as good as, if not better tha;, the
homocuprates in substitution feaction with hali&es,'and
in 1,4 additions to a,B-unsaéurated carbonyl compounds.

The next modification of the mixed cuprate was
Vel

the deVe;opment of a cuprate with a heteroatom group

«

bound to copper in.placé of the alkynyl or cyano group.
.The heterocatom functions included alkoxy, aryloxy.
alkylthio, arylthio and dialkylamine grogps.183 The

prevaration of these heterocuprates is outlined in the

following scheme.
Het-H + LiBu ————+ LiHet + BuH
LiHet + Cul- —— Cufet + Lil

CuHet + LiR — LiCuRHet

In a study by Posner et gl.,183 the lithium

(phenylthio)alkylcuprate ,was found to be the most useful

heterocuprate. It reacted better with carboxylic acid

-~

chlorides and a,u—-dibromoketones, and equally well with
- \

alkyl halides and cnones, than the correspondf;g

. , 4
homocuprates. This reagent was especially useful in )
L] — -
accomplishing ggg\frangjer of sccondary and tertiary
——
1% ) T “_

x>
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alkyl groups. 1In addition, all of these reactions e

- were achieved with only a 20-30% excess of the cuprate, which

is a éreat improvement in the reaction efficiency.
The mechanism of the conjugate addition of

organocuprates to a,f8~-unsaturated carbonyl compounds

L,

has been suggested by H. House184a to involve an electron
4 -
transfer process. The reackjon is believed to first

involve electron ;ransfer to |the unsaturated carbonyl ,
system to form an anion radlcal and an elictron def1c1eht
metal cluster assoc1ated as a tight ion pair. Rebonding
within this ion pair, followed by intfamolecplmr_

rearrangement of an alkyl groub gives the lithium\:nolate

and an organocopper (1) compound which frequently b lymerizes

'and precipitates out of the reaction mixture. A correlatlon

of the polarographic reduction potentials of various
a,B-unsaturated carbonyl compounds and the reactions

with lithium dimethylcuprate was shown to be compatible

Wlth”thls mechanism. 184b

T The mechanism of the reaction of organocuprates

with aikyl halides and sulphonate eoters is not stralght—

fofward The;s have been four principle mechanistic

pgthways proposed for thjs reactioh.lSSb They are.

summarized in Bigure 9.
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'Figure 9: Possiblelkeaction Mechanisms -

of Organocuprates .with Alkyl Halides

*

1) 'Nucleophilic attack by carbon

_ inversion
é-/_\\ - ”~
R-Cu (I) -C=-X —» R-C—~ + CuR + LiX
A } . N
it : 3

2) Nucleophilic attack by copper

(: ‘R

R inversion ?4‘ " retention
- ~ . o~ 5 -~
R-C_uQ/-» .;C X ‘ ‘ L---C'u-c: \ — R-C\
R .+ :
Lt R“ »
. - L 2 . .
3) Nucleophilic attack by copper on the leaving group
R ' | R
|- /‘/ : é?\ -’ - ‘
R-Cu (I) X-C: ———» R-C¥-X- - cg — R—C:
~__ "7 - 5
. L+ : .
k2t 5 Y .
4) Electron transfer process
R - CoL R ‘
| - © . -~ . | ” e -
R-Cu (I) + X-CZ =— R-Cu + [X-CZ)
S l
. R
- | - & :
RCu(I) + R-CZ <e——— R-Cu +X -CZ '
"" -
’ . 4
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“Johnson and Dutra have made an intensive @ ‘. )

study of the reaction of lithium diorganocupratéstwith

- tosylates and-have found.fhdt most secondary tosylates

react with 1nver51on of conflgurat1on, whlch may be .

accompanxed by some ellmlnatxon. Rate studxes revealed -

¥ ¢

that second order kinetics hold over a wide concentration” |

© -
"

range and' only dev1ate at high ‘tosylate concentratlons.

N

They ellmlnated the thlrd mechanlsm in Figure 9 sxnce

it would 11kelx,1ead ;extensxve or even totaL racemization

and 13 not c0nsi"" the highly stereosoecxflc.\

e

. '
1nver51ons observed.v Therr final . analys;s supports the

second propOSed mechanlsm The attack by copper would

explain the extraordxnary nucleoph111c1ty of the cuprates

v

-when compared with Prlgnard reagents or organollthlum

compounds. * There is some sppport for the copper(III)

fntermedigte suggested by Johnson and Dutra since a *

.relatlvely stable trlalkylgold(11§) complex has been

" reported by Tamaki and Kochl.186 " These authors ‘found

that dlalkylaurates(l) vere powerful nuclegphiles thich ’

reacted thh 1odomethane to produce a relatively stable

-

gold(I11) cqmplex. Thls_complex was shown to be a square

[

R :
R : .
'LiAu°R2-‘L.+ CH3I ——-'.C'H3—AL'1—L + Lix
R

- Q L ={ligand
;'7 : a
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1 °

planar structure wi‘p the two alkyl groups orxginally "hﬁ

decompose thermally to glve aitkyl coupling products and v

‘a gold (1) comprex.187 . oo _ ‘ .

- - R,AU-L ————p R-R  +. AuR-L
& 3 ‘ A B 4

°

- . - A Y .

-I%st reésonabieﬁto assume that copper (I) coﬁplexes might

undergéfsimiiar reactions. .Collapse of a copEZr(IIi) ‘ﬁ"

intermediate #ould result in the coupling of two cis
. : L S on S

~

~ligands. . o ‘ ; ’ . oL e
3 o

However, other studnes have shown that although the

mechanlsm sugqested by Johnson and Dutra may be v1able for
g

o.

the reactlon between organocuprates and 51mple sulphonate

. esters, 1t does not explé&n all organocopper substltutxon'

¥ .

reactlons with alkyl: Egpg electrophiles. Posner and
e

nce for the existence of a dlfferent

2

' mechanlsm. if a coppdr(III) lntermedlzye was formed in

Tlng qg—presented ev1

both .cases, sxmllar product dlstrlbutlon should result‘t
Slnce this is ‘not the case, there is ev1dence for “two
;dxfferent mechanlstlc pathways.v Thely also present

other cases of ethylenlc part1c1pat10n in the reactlon

of orgaqocuprates wlth tosylates. In addition, mechanistic ,

studles done in this laboratory have shown that with
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CH:

~-lithium dihydfocuprate.(Qide infra) reduction of

°2—mesyloxynorboranes proceeds with 1nver31on of conflguratlon,
‘'whereas the reduction of the correspoudlng bromides takes

place” w1th retent:.on.134a

Organocuprates Jherefore appesr to react via
Several dlfferent mechan1sms dependlng upon the substrate
anOIVed in- the react1on Whether this is lndeed due
-to several parallel processes proceedxng sxmultaneously
or to a-single as yet unexplalned mechanism has not been
determined. '

.- Discussion of bther»;eaétions of cuprates and
orglhocopper(l) species nay be found in several review

L
’articles.lag
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B) - HYDRIDE-CONTAINING ORGANOCUPRATES -
‘As pait(oflour-synthesis ot mathymycin i.;e'
Part I) it became necessary to convert an iodide or
toaylate’into‘the>corresponding'hydrooarhon.- This
iproblem necessitated our aearch for a method wgich would
effect removal of halides and sulphondte esters, and

thus indirectly hyd:oxy groups. * There were several® methods

_avallabie at the- time this study was ‘begun. These

iincluded. (1) Hutchin s’ sodium cyanoborohydride reduc-

130-

T”tion which was discussed in Part I of this thesxs.

(2) lithium.aluminum hydride reduction of_halides,lgo

g (3) ‘the lithium triethylborohydride'teductionlreported by

191

ﬁrown and Krishnamurthy and (4) Ireiand et al.'s reduction

;of the tetramethylphosphorod1amides (or diethyl phosphates)

'of alcohols ‘with lithlum and ethanam1ne.192 The equationa

pl

for these reductions are summarized below.

-]

. 1) R-X + NaBH;CN —=R-H X = OTs, I, Br

2). R-X + LiAlH, ————»" R~H

3) ~Qi8H(C2H563 # R-X ——— R-H + (C,H.) B f LiX

-
-

Lo g - Li, C,H,NH,
4) R-OH—e ROP[N (CH ' — R-H

37212
®

None of these reactions was, however, entirely satisfactory.
We desired a method which would proceed with high
) . ‘ -

o
o4 >
k Y



'etticiency. dteteospeéificity. operational ltmplicity.

and under mila conditionau ay analogy with the homocuptates~

discusded in the introduction to this chapter, it
appeared that a hydride-containing cuprate would bc a
good choxce for such a reagcnt.' In order to- syntheoize
;the desited compound we needed a. species capable of
replacing the halide of a coppe:(I) salt by the hydride
group. Lithium trxmethoxvaluminum hydride193 (LTMA) was

chosen- since it is soluble in aprotic organic solvents and

"3boelﬂee A has the advantage of having onl one active

,-'hydroqen. and thus control ef the gtoichi

try of the
reaction would be relatively s;mple. -

o Accordxngly, 1t was found that the drOpwxse addition
of two equlvalents of a tetrahydrofuran solution of LTMA

to a suspension of purified copper(I) iodide in tetra-
hydrofuran produced a thick, dark brown ﬁixture Durlng
the add1t1on the mixture often became too- v1scous to stir
and’ Just enough. tetriﬁydrofuran was added to allow for

. r’a- )
eff1c1ent mixing.- Thls addxtlo- of LTMA solutlon with

\tsmbsequent addltlon of a small amount of tetrahydrofuran’

was repeated unt11‘a11 of the LTMA-solution had been
added It appears ‘that forcing a gelatlnous materlal (which
we assume to be aluminum tr1methox1de) out of the solutlon

by mxxing the reagents in this way is essential. Because

- of thls obvious concentratxon dependence, it was ‘found

0

“ .
‘4o . . . .
coa - f .
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’necesl’ty that the concentration of LTVA be in the range

of o.§5to l1.1M Jor_eatisfactory results. Thig resulting
dar&wbrown'mixture~satisfied virtually all of the rcqulrements
of the desired teduclng agent with a wide variety of

subst!ates.
2 l,iAlhl(OCHalj. + cur -—'.'Reaq}e'r;t 1
R-X + Reagent I' ———f;R.;H
x.y.hr. cl, Oﬂi,_oéi B

" Table 11 shows that the reductxon proceeded'wzth primary
- (entries 1 -3), secondary (5-8), tertlary (9), allyl '

(10 and 11), vinyl (12-14), aryl (15), neopentyl bromides".

."(leﬂ and-a cyclopropyl gemlnal dlbromide (17) In all

of these cases the ylelds of the reduced products were
excellent and the reactlons were complete in less

than two hours at foom temperature. We followed the
reactions by gas,chromatographlc analysis and based a

the yields on relative glpc peak areas of the product and
‘internal hydrocarccn (octane or decane) standard which

were corfected”for the'relétive‘sen;itivity of the detector.
Once#conditions had.beeh°worked'out for the reaction K
the reaction was scaled up. It proceeded Just as ﬁFll

-on a breparative (30 mM) scale. Furthermore, primary (18)
and secondary (19—21) mesylatee, tosylates i22)uand an
epoxide (23).underwent equally smooth reductive cleavage.

.
-
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A chloride (4) fequired a longer reaction time and‘an

'excéss amount of the reductng agent ﬁn order to achieve

a 962 yiélg of producé. however, even tﬁis tardy

reaction is very gratifying when cdmoared with the sodium

cyanoborohydride reduction qygeh ylelded less than 2%

of the corresponding hydrocarbon after tteatmel with

four molar equivalents of the borohydride for 92 hours

at room temperature.

The near quantitative re‘hctionféf the substrates was

only realized when two molar equivalents of LTMA with
“‘f?esﬁect to copper(I) iodide (or substrate) was used to

prepare the reagent. When one equivalent of hydride was

used the reduction proceeded.dnly to an exfent of 50%

completion or_less. We believe that this result suggests

that the reducing species is a cuprate, which‘may be

formulated as LiCuH2 on..the basis of its apparent stoichio-

metry, and; that copper (I) hydride,194 which has been - -
reporfed to have some reducing4power,194b is ohly partjially -
: - -
e AP |
responsible for the reaction if at all. . . . gq‘ us*;
£} : . M 3*-
In order to investigate the stereochemlstry Qf 4
the rcaction, lithium trlmethoxyalumlnum deuterldg qu.’ i?%
LRy S
used to prepare the reagent and the reacti n-mlxture . “*
was ‘worked up with H20. Interestingly the ¥ : ctfbﬁ gi, - $:
« 1Y '.
ot both exo~ and endo-2 bromonorbornones procefde N .
with 100% retention, wh®reas the correspondin hanesui—:
: t o=
C » - ]
phonate esterslgs’])6 underwent complete inveﬁs of ) |
ﬂ, .
. . P N
ot
‘i}t- Y ?
. ; r *



ptereochemisrry. Careful integration of the pmr spectra
of samples collected by preparatijve gas chromatography
was used to study the stereochemistry of deuterium
incorporation. These results are summarized in- Table 12,
For instance, the ;roduct isolated from the reduction

of endo-2- bromonoﬁborane was identified as the pure
endo-d iscmer by measuring the decrease in the intensity
of the pmr signal at 1 8.87 (endo H) using the intensity

of the bridgehead protons (1t 7.72) as a. standard. Wwhile

the relative intensity of the 8Xo protons (1 8,57) to the

2%0.

bridgehead protong remained unchanged (4:2) ag in the ‘dmse

of norborhane, the 1ntensity of t%g signal due to the

endo protons at . 8.87 diminished by an amount corresponding
to one proton. ‘n the deuterated product Ir spectra of

the samples confirmed the endo and exo a551gnmcnts of the

2—- deuterionorbornanes 197

. %
The stereospedificity of the reduction of (E) ~1-~Bromo-

L4
oct-l-ene is interesting. First, (E) -1~ -deuteriooct-1- ene

M)

was prepared as a standard us&n%{the procedure reportgg A
by Wilke and Mullera198 U
/ -
‘ ‘ H _AL D,0O H _D
l-octyne + bprBaL-y — Sc=c L ~c=c
C.H,T H C.H, g
611 611

i
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Table 12: Deuterjium Incorporation into Norbornane
!
L
. ; Relative Proton Integrations
Compound Bridging & endo exo- gridqeheqdv
Norbornane 6.0 4.0 2.0
eko—2—Deuterionorbornane "
(endo-mesylate) 6.2 3.3 2.0
exo—2—DcuteriOnorbofnane
(exo~bromide) 6.0 3.2 2.0
éndo-ziDcuterionorpornane
(exo-megylate) 5.3 3.8 2.0
_endo~2—Deuterionorbornane
(endo-bromide) 5.3 4.0 2.0
P Y
]
Integrated Region T 8.7-9.0 8.4-8.7 - 7.75-7.92
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Use of the deuterated covper reagent with an H,O0 workup

2
ledato no deuterium incorporation in the product, whereas

an approximately 1:1 mixture of! (E)- and (2)~1l~deuterio-
. \ -

oct-l-ene resulted upon treatment with e non-deuterated

reagent and a 02

that hydrogen (or deuteriui)_was ih

O workup. These e _nté'cleérly show
ced at the workup
stage with HZO (or DZO) serving as’‘the proton source.

Although the sterepchemical integrity was lost in the
199

~reaction, apparently thermally (room temperature) stable

.
organocopper complexes were formed. This stability is not

seen with the saturated substrates such as ‘the norbornane

. derivatives described above where the reagent is the source

of the incorporated deuterium., This is also the case

with the reduction of l-bromoadamantane; the mass specﬁrbm of

the reduction product showed high deuterium inco?poration.
. .

Tdec -above results suggest that, as with dialkyl-
cuprates, the rcaction mechanism is véry‘complex, and tha£
two or more different pathways are available for the

reactions. This ‘copper reagent has also recently been

¢ 200

shown by Semmelhack and Stauffer to add in a 1,4 fashibn

to a,R-unsaturated carbonyl systems via an electron

’

transfer process. -

The redyfding reagon} described above was extremely

efficient but Mad the disadvantage that it also readily

reduced c¢apfionyl functions, and thus did not possess as



..

.
-

wide a scope as we desired. Again by analogy with other
—-——-—Euprates, we felt that if we could*gpvelop a mxxed cuprate

" (L1CuHR) containlng an dﬁkyl or alfynyl group which would
not be ;ransfetred durlng the reactlogL then perhaps the

reactivity of the reagent would be lowered making it

more selective. « , : .
///d There are several m{iﬁod(;availablé for preoaring
copper (1) hydride,l94 but we ‘found that the Whitesides

procedurel?4» gave the best resulgfs and this procedure

was used throughout our study Polymeric copper(I) -
hydride was prepared by adding diisobutylaluminum hydride
to a vyridine soclution of purifieé copoer(a) iodide at
-50°. After 30 minutes the roact;on was contrifugod to
compact the product and the solso;t-was,removed by syringe.
Our modificd~cuprate was then preparcdd by recacting this
coppvr(l) hydrldc with an equimolar amount of an alkyl

(or alkynyl) ° rlthaum in ecither tetrahydrofuran or ether

at -490°. The alkynyllithium solutions were prepared from
the alkyne and»halide-frce,met‘yllithium.

®

WQ used 2- bromononanc as a s trate in order to

(4
—

oxamlne the reagtion variables that xnfluence ﬁhe reactivity
»0f the copper comp]cxvs and the vyield of the product
(nonane contaminated with a miquto (3-4%) amoun® of nonene) .

. These resuilts arce summarized in Table 13. Tho first four

entrics show that four molar cquivalents of cuprate is

< T e
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‘;JQMired to complete the reduction in a short read‘TOn ' o

time. Of several complexes dxffering in the resxdual gtoup.

i

! O
the teact1on proceeds most satxlfactorxly with
- : . , _ )
LiCuH(g-C4H9), and diethyl ether is definitely superior

‘to tetrahydrofutén as a solvent. A simple kiretic study
o

%; of the reductxon of 2 bromononane with LiCuH(n-C‘Hg) ovet

'-a temperature range of -40 to 20° showed that the reduction"

< ]

\followed roughly second order kxnetics. We believe that

b I 4

°
Y

l

the smooth increase 1n‘rate as the temperatute is raised
.1nd1cates at least that the reagent is st%ble and undergoes
no dramatic change inh structure and-degrée of»aggregetion

in 'solution over grwide range of temperature. Figure

‘10 3hows kxnetic data.

*
?

vy %
3rom the 1nformat10n in Table 13 it was apparent

that .four molar equivalents of LiCuH(n—C4H9) in ether at

.. . Y . .
room temperature was a satisfactory reduction medium and

these conditions were applied to a variety of substrates.

ko
Téb1e§14 summarizes the results obtained with representatlve 3

samplcs Reduction of primary, secondary, and tertiary . ’@F
halides and meb&¥ylates (or tosylates) was found to proceed:'

. welle It is .interes¥#ng that the hpmoallylic tosyiate
O '

i 4

* . . ’ B
As noted earlier, this formula aucrely indicates the ratio

of each rcagent uscd to prepare the reducing species.

4
I3/
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(.ntr§ 6) provided the corresponding ;lkone Wwithout

complication. This result is in céntraét with the report

,bf'Posneg andiTinglaeiconQérninq ethyiénic participat;on
‘.deséribed in the introdud‘ion to thil Chapter. An

aldehyde and a ‘ketone (gigg 1n£ta) vere readily reduced

‘to the coriesoondinq hydroxy compounds with no incorporatxon

of tho n-C3H9 group which wun tath.r surprising. ' The
t. ester group resisted reduct1on (entries 8 and 9) and in
fact surv1ved completely in: ,both inter- and 1ntramolecular
competxtxon experxments (entrxes 12-15)., "

Qur gpal has thus been ‘achieved .to prepare a mild,

high yielad, Q%ereospecxfic reduc1ng agent for halides

5

and sulphonate ester.. ;
We also 1nvestxgatedv$ ratheér interesting extension

of this reagent. Aifhough aldehydic and ketonic compounds

are ;eadily reduced with the cuprate cgmplex, the carSonyl

groups may survive as enolates if 1,4- rather than 1,2-addi-

tion to the u,é-unsaturgted~carbbnyl system occurs.,

Because of.tﬁe higher susceptibility of the enone system

to this reduction than halo and mesyloxy groups, the

reaction is complete within thirty minutes at ;40°

With-L1CuH(Q—C4H ) in ether. The resulting enolate then

9
could be used directly for further reactions such as
alkylation and Michael addition.201 House202 has shown

that in some cases at least that reduction of an enone



system with a cuprate is a re#ult of the thermal deéo&é
position of the reagent to form copper (I) hydride derivatives.
Thére‘is thus some digcrepancy concefﬂinq the acf;al
reducing species }hat effectg'tﬁe redGction of enone
systems, Tﬁis aspect'of the organocuprate is ¢urrentiy

being investigated.



( ' .
CHAPTER 3

. EXPERIMENTAL
General: See page 142.

. Diethyl Phosphorochloridate

This reaction was carried out according to the pro-

'cedur? reported by'Steinberg.zo3 “

| . Triethylamine (3.2 ml, 2.32 g, 23 mM) was slowly
added to a cold (0°?, stigred mixture of diethyl phosphite
(27.6 g, 200 mM) and carbon tetrachleride (35 ml, 61 g,
400 mM). After 15 min at 0° the reaction mixture was
allowed to warm to room temperature. ' Stirring was con-
tinued for 3 hr befqre the mixture was filtered and the
filtrate evaporated. The residue was distilled to‘give
28 g (81%) of the.chlofidate as a colourless liquid (bp

64°, 5. mm).

" Thallium(I) 2—Methyl—2-propanetﬁiolate

2-Methyl-2-propanethiol (1.98 g, 22 mM) was added
dropwise over 5 min to a stirred solution of thallium(I)
'etho¥ide (5.0 g, 20 mM) in aﬂhydrous benzene (20 ml).
After 15 min the prgcipitate was filtered under argon.and
washédlthoroughly with anhydrous pentane (3 % 10 ml) to
givc.S.G*g (95%) of thallium(l) 2-methyl-2-propanethio-

late as bright yellow crystals (mp 170-175°, decomp) .

The same procedure was used to prepare the thallium(I)

262. . )
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salts of byridine 2-thiol, propaneth101

and benzeneth101 These thiolates were alsofb&xg

5 Yoy

and were prepared in yields of 85 to 95%. VR Y
. » \
S-tert-Butyl Cyclohexanemcthanethioate . .‘h!
S | -
Diethyl phosphorochloridate (1.73 g, 10 mM) in \.‘

anhydrous tetrahydrofuran (5 ml) was added dropwise to a
solutiQn of cyclohexanecarboxylic acid (1.28 g, 10 mM)
and triethylamine (1.01 g,.10 mM) in anhydrous tetra-
hydéofuraa (25 ml). The mixture was stirref at room
teéperature for 3 hr, and the preéipitated triethylamine
hydrochloride’was removed by filtration and washed with
tetraq?grofuran (10 ml). To the combined filtrate and
washing was added thallium(l) 2—methy1—2-pr0panethiolate
(3.22 g, 11 mM), and the mixture was stirred at room
temperatﬁre for 18 hr, The reaction mi;ture was filtered
through Celite and. the filter pad washed with ether (2, x
10 ml). The combin;d filtrate was evaporated, and the
residue dissolved in ether (50 ml). The ether solution
was washed with aqueous saturated sodium bicarbonate (10
ml), aquecous saturated sodium chloride (2 x 10 ml), dried
(MgSO4) aqq.evaporated. The residue was distilled to dive
1.87 g (94%) of colourless S-tert-butyl cyclohexane-

methanethicate (bp 58-61°, 0.05 mm) .
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71: (CHC1;): 1680 (s) | .
"pmr (CClg): 1 7.6 (m, 1H), 7.9-8.8. Jﬁ), 8.57 (s, 9H)
mass spectrum: calcd for 611”20 S:” m/e = 200.12349 R
4 me‘a;'ured: /e = 200.12323 .,
elemental analysis: ”calcd fot“Clleoos: C ¢5.95; H'10.06;
S 16.00
' 4 . foung: C 66.19; H 10.i2;
° s 36.21 -

.

U4
>

The above procedure was used to prepare the other

thiol esters in Table 10. The physical properties of
these products are given below.
$-2-Progyl Cyclohexanemethanethioate
bp: ASS?.tO.} mm
ir (CHCi,): - 1685 (s)
Prr. (CDCly): 1 6.45 (sept, J = 7, 1H), 7.6 (m, 1H) . ;
, ']
e 8.0-8.8 (m, 10y), 8.72 (d, J = 7, 6H),
Lo . ; ‘ . L3
mass spectrum: 186 (P)
- : - "' {
e{ﬁmeqtel Tnaly51s; calcd fog CioH1808 C 64.52, H 9.6?,
s

. . ’ O 8.6, S 17.20

.

found: C 64.59, H 9.74,

-

O 8.86, S 17.27



©

S-Propyl Cyclohexanemethanethidate

bp: 61-63°, 0.4 mm

L;;{CHC135: 1685 (s) |
pmr (CDCly): 1 7.10 (t, J = 6.5, 2H), 7.6 (m, 1H), //)
. © 8.0-8.8 (m, 12H), 9.03 (t, J = 6.5, 3H)
‘mass spectrum: 186 (P)
'glemcncdqfanalysis: cafcd for C16"1805= C 64.52, H 9.6&, '»1‘

0 8.60, S 17.20
o ' . found: .C 64.31, 1 9.50,
' | 0 8.45, S 16.91

:

S-Phenyl Cyélohexanomothanethibate

bp: 180-110°, 0.1 mm

ir (CHCl3): 1700 (s) . .

pmr (CDCly): 1 2.58 (s, 'SH), 7.5 (my-1H), 7.8-8.8
(m, 10H)

mass spoectrum: 220 (P) .

elemental analysis: caled for C 0s: C 70.91, H 7.27

1316
0 7.27, S 14.55
. ' o found: C 70.80, H 7.33,

0 7.53, S 14.73

\

S-2-Pyridime Cyclphexanemethancthioate

bp:  prepared by tlc

/} *
. N
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ir (CHC13?: 1705 (s)

Y5F

pmr (CDCly): 1 1.3 (m, 1H), 2.3-3.1 (m, 3H), 7.35 (m,

i B} 1H), 7.7-9.0 (m, 10H)

mass spectrum: calcd for C12H15No328: m/e

L]

22%.08744
221.06738

measured: m/g
3 _ . °

S-tert-Butyl Thiol Ester of Cholic Acid

hp: 164-165°
ir (CHC13):"3620, 3600-3300, 1680
. ‘ . g
pmr (CDC1l,): t 8.61 (s, 9H), 9.05 (d, J = 6, 3H), 9.1
3 - ) ‘; ”
(s, 3H), 9.32 (s, 3H) . ; - '-; ¢
32 4 1&; ".
S (P-20H):

m/e = -444.30620

mass spectrum: calcqd for C28"4402

measurad: m/e 7 444.30562

Y

edemental analysis: calcd for C,gH,40,S: C 69.97, H 10.07
0 13.32, S 6.67
L " »
found: C 69.21, H 9.94,
L s 0 14.10,5 6.83
I “ i - -. 4"’ . * » R '
v "W" ﬂ'."i 1 v
"S-2-Propyl Thiol rster %f Cholic Acid

mp: 142-143°
. p - ' \
: ir (CHCl,): 3620, 3300-3500, 1680
pmr (CDCl;): 1 6.5 (sept, J = 7, 1H), 8.7, (d, J = 7, 6H),
9.1 (s, 3H), 9.32 (s, 3H) o

mass spcctrum? 466 (P)



N TEEy— s
e »
® J“ »
elemental analys?s: calcd for C27H46 S:
found:

.t

S-Propyl Thiol Ester of CHolig Acid

mp: 146-148°
" dr (CHCly): 3610, 3300-3500, 1680

Pmr (CDCH): 1 7.1 (t, I = 7, 2H); 8.9 (t,

) < 9.05 (4, J = 6.8, M, 9.1 (s
- ‘B' 3.}1)
mass spectrum: 466 (P) .

.elemental analysis: calcd for C26 44

. ' found;

- 4

S-tert-Butyl l2-Hydroxyoctadecahethioace

mp: 39-40°

’!’if (CHC14): 3620, 1675
LS

pmr (CDCly): 1 6.4 (bs, 1H), 7.6 (t, J = 7,

(38H) 8.5 (s, 9H), 8.7 (bs),

3H)
e =

mass spectrum: calcd for C18H3502 [P-SC(CH;

267.

Ci8¥.50, H 9.93
0 13.72, s 6.87
C 69.20, H 9.94,

"0 13.57, S 6.97

=7, 38y,
. 3H), 9.32 ¥

C 69.50, H 9.93

0 13.72, S 6.87,-
C 69.39, H 9.93
0 13.79, § 7.01 -

-

"2H),” 8.2-8.8

9.1 (t, J = 7,
\,

)3): ‘

m/e = 283.26370

/
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. ) .: ‘ .i,“'“‘f,‘., .‘,'.
~ o ‘ ' . MR 4 A
: ) i ‘ff"*n':) N
. J , '.‘ .1
measured: /e = 283,26251 .
. - . “.‘
- S-tert-Butyl Thiol Ester of §-qubobenzyloxy-E-P;oline'
N ) T ~
bp: Prepared by tlc ' ﬁhf'
ir (CHCl;): 1700, 1680 , ‘ -
' 6.4 (m, 2H), 7.75-8.3 (m, 4H), 8.6 (s, 9H) -
mass spectrum: calcd for C,4H,N0,32s: m/e = 321.13986
v \i ’
measured: m/e = 321.13902
— ’ S S s 3 : ,
. T ._.elemental analysis: calcd for C17H23N038:‘ C 63.52, H 7.21,
IR l\ V- .
N 4.36, 8 9.98
D found: C 63.15, H 7.26,
. .« | N- 4.32, § 9.90 °
L . > N . Conme
€ g » N .. Ty
o (] L“ i .

*

. 0f N-Carbebenzyloxy-L-Proline

»

bp:
- -
ir (C!!Clj)':‘.‘ 1740,

pm;'(cbcl3): 1 2.7 (s, SH), 4.85 (s, 25),‘5.55 (A, 1H) .

Ve S e
6.45 (m, 3H), 7.95 (m, 4H), B.75 (4, J = 7,
6H) ' S '

mﬁss spectrum: 307 (P) »-

elemental analysis: calcd for C

16u21uo3$= C 62.54, H 6.84,
N 4.56, 0 15.64,
S 10.42 +
7/ b \
1 ' -



L 4 ‘ '
.Q‘ V:.Q o ] B : . . 269-
. 4 P
' . found: 'C 62.19, H 6.83,
4-‘ . ' ." -'\ ‘;‘”..\'.,. 4 . .~. N ‘.50, 0 16.15'
. . . . ‘ B ‘ 4 .
: R © . . 8 10.43

S-Propyl Thiol Ester of N-Carbobenzyloxy-L-Proline

\
.

bp: 110°, 0.5 mm o
ir (CHCly): 1720, 1660 - -
pmr (CDCl,): 1 2.65 (i;-Sﬂ), 4.85:(5,'22).'5{5.(m, 1H) ,
6.4. (ct, 3" 7, 2H), 7.15 (t, J = 6.5, 2H).,
7.8-8.7 (m, ®H), 9.1 (¢, J = 6.5, 3H) °©
mass spectrum: 307 (PJ , .
-“‘ . ".$‘ 0 . . . ) . . . '.

elemfgsal analysis: calgdvﬁgt CIGH‘l”P3S' C 62.54, H 6.?4.
oame T Tt X _ TN .4.56._9 15.64," "
i‘l!r.‘°f'vv a N . * s 10.42 .
v g ~& . ’ . . .

S SR ' i C 62.17, Hgge. 89!
. . hd N ‘.-22' 0 16?22:‘
N ' ’ s 10032 '-.
el : ﬂz Swe , o
R T
The’ following two experimental procedures‘nre rep- - :

resentative of the methods used for the reductxons‘summa-

rlzed in. Tables 11 and 13 and 14, respectxvely. Refer-
'ﬁCes fLr the preparacion of non-commerc;ally avaxlable

. substrates are xndicated in the above tables.: , N %
A Y *
) ! PN v ‘ l ‘ . .;
oo ’ _ o : ,
Reduction of l-Bromononane with tho,Dihydrocuprate .
. 1 ———e

Bl N <

o

L The procedure reported by Brown et al.l93

et al was used

»

~
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" “ n ’ “.IJ‘ . L "
© to ‘prepare lithium trimethoxyaluminum hydride. COppd&(I)ﬂ !'
« lodide Ns puriued nccotdinq to the mothod of Kaufnann “.’-&

and Ti‘er.lsa

Anhydrous methanol (6.63 ml, 5.25 9. 163.5 m¥) was ¢

and is described in ‘Part I Oof this thesis.

added dropwise with vigorous stirrln;.to a cold (0')
tetrahydrofuran solution (1. 09M, 50 ml, 54.5 mM) of lithiumfp

.aluminum dride over’ 30 min.. After the add1tion was c@mpleted.

vgg,:‘

the cleat colourless solutxon was stirred a further 20 min

at 0°,. - - ) .

.

The freshly pre ared LTMA solutfbn was added drqpﬁlde

, [ .
* . w6 an ice-cooled slurry ot putified coppe‘"

(5.18 g, 27.2 mM) 1n,;LhydrOUs tetrahy

T
?s
&
3
0
4!
o
pes
[N
03
c
o
o1
K -]
Q-
]
[t
po
(ad
(2 d
o
(ad
la]
ofy
2
[+ ).
:’
G
...n
Q
3
-

. was addcd to facilita ng}'_Th{s sequence was pontlnued

until all. of the hydr‘ {on had been addeds. the .addition

takes apbroximately 3b _,'Iﬁ wa's negeggary to add a

Ay

‘;Atgtal of 150 ml of tetrabydrofuran. Atter the addition

was cOmplete, 'tba resulting brown mixture was stirred 30

mxn at 0°, and then A bromononqnegsd 9, 27 2 mM) was g
¢

added all at once. After 15 min ooling bath was. re-

‘moved. and the mixture vig?i?usly stirtod for 2 hr. at room

temperature.' On several 0ccasions a gel fotmed and enouqh
~

tctrahydrofuran was added to alley efficent. stirrinq.
LA -,
-Methano (bb‘ml) w:t added slowly, the mixture diluted

." Ay with ether’' (250 ml) and fxltered throngh Celite. The so0l-

. R "'. ”
* ! -b'o

0+ ———— »
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vcnt was ovaporatod and t.he reu ' dui%ﬂvod in cth.r
7

.urat.g aumon!,um B o
chioride (3 )5 25 ml). ‘The org.hic phase was dried (Mgso‘)

(zso nl) and uashod with gqueo

and avapotaeed., 'mq residue #as distilled to ‘give 3.3 g

(95%) .of pute nonane (bp 150'-151‘) a ;wx,* ‘ : e f
. L. - & .
|“. e .,’ . : o o N .
. . - . :l"' . . . . ) . w -';.‘ »
- Reducy of OCuno'l ‘rosy‘late with the Mixed Cuprate- ,
A - Nt
) : S 'l'lu Whiztesid." proceduren“_’ was used for the “(.f‘"
prepardt;iaon of the coﬁpet(I) hydride complex. J o __ s
Tk
W M In- borhon- -ohftion ﬂl. 5 m1,; 6 mM) pt duao- e e .:
' tildlunuhum hydride w‘,l d over: 1'-2 min to a cold N R

oo (-40 ) .ol'nt:ion of purxfzed copper(I) iodxde (1 14 g,
’ ® nﬁ) in anhydrous pyridlne (10 mllé“-‘rhg resultxng brot;m
| syolutxon was immedxatf%ly cooled to D“ and ugtred vig—
» orously for 30 m1n. _Lold (= 70‘3 etﬂr (30 ml) was added
| to precipxtate the copper(I) hxdrid; ‘ 'rhe slurry ‘wat .

cbmpacted by centrlfugatxon at -78‘, and the subernatant

lzquid was r*ved by syringe. .dl!he copper(I) h idé. .

comﬁlex wasrashed 'in this manncr with co d ethex (3 x

20 ml) to give a medium brawn solid -

© ‘- -

‘'The copper(I) hydnde complex was slurrzed gthr cold
0

“ether (20 ml) and the suspension ma:mta.mpd at -4 Nith K

vxgorgus stlrtxng a hexane solution, %6M. 3 75 ml, 6. 0 .

- . m) o*utylhthium was ‘added, QVer 5 nun. The resulting
- N

dark brown solut1on (reagent partially insoluble), was-

-» L
: .

BT : . ’ . . . & . * . Co ™ i \



g
. A N
;

»"Y. ltirrod for 10 min before octanol’ to-ylate (427 mg, 1 5 iﬁ)-
‘wa. ida‘d Tho cooling bath was rcmoVed gnd ltirting waq
continue® for 2.5 hr at r temporatur‘. The reactién
was poured 1nto aqucoul s&tated ammonium éhloride {10 ml) '
the ether layer QpCﬁpted and the aqueoua phale oxtracted .
‘'with ether (2 n 23 nL) The cth.r'was dSied (MqSOQ) and
'evaporated Thp reatduq was molecui‘- '
137 mg (iﬂ\) of og!burlaca octane. “;w ‘“
: The uane prgcedpre was appliuq gqqire reduction of .

: ‘til}ed ﬂto give

. * onn!s 1h ‘Table u‘xacp: & muqn MC" 0‘{‘ :
L re was maintaiﬁcd at <40°. " ’.‘ . - ' '
'." M .
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