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ABSTRACT

In the"field‘of.antibiotics, the total syntheses
of penicillins and cephalosporins and tetracyclins ‘have

already been accomplished . The macrolide antlblotics were

“the only remalnlng maJor famlly of antibiotics that presented

a challenge to synthetlc organic chemlsts X Furthermore

the 16- membered macrolides were of cllnlcal and the apeutlc_

interest as a result of thelr signlflcant blologlcal

activity.

ThlS the81s descrlbes the successful synthe51s
of the two units, C1-Cy and Cqi1- Cis). of leuconollde As, a
a 16-membered aglycone derived from the antibiotic produced

by Streptomyces kitasatoensis. Our .approach involved the

synthesis of an analogue of the DJer3331 -Prelog 1acton1c
acid ;ntermedlate used in the synthe51s of methymycln

Such an analogue was chosen since it has all the stereo—’.
chemlcal characterlstlcs Presént in the C3 C9 segment of
the target leuconollde A sequence of reactions beginning
with the pyrolys1s product of a mixture of norbornadlene
dimers led to the key lactonic acid. Subsequent condensa-
- tion with a novel magne51um reagent ylelded the des1red

Cqi- C9 unit, This nine carbon unit contains: three- 1mportant
"features vital to our synthetic approach. First of all,

this segment contains all of the stereochemical character-

n



istics found in the Cl 9 portion of the leucomycin agly-

cone. Secondly, carbon-9 can be actlvated for subsequent

condens tion with ‘the optlcally active C11 15 unit; and,

, ‘carbon-1 contalns the requlred functlonallty for

al lactonlzatlon'step.

Durlng the synthe51s %f these antlblotlc segments,

™ ot

it yas necessary to study the propertles of a relatlvely

unknown protectlng group The results are found in Part

A
Two of this thesis.- Also dlscussed 1n thlS section is the
‘'selective and direct activatlon of O-esters.

LN
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It should be noted that in Chaptef 4, the
" compounds are numbered from 1 to 89. The experimental

for -the compounds numbered 100 to 121 in this Chapter
106 .

-are'repbrﬁed elsewhere. Theré%ore»the compounds
referred to in Chapter 4 correspond to the structures
reportéd in this Chapter only.
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PART I: MACROLIDE ANTIBIOTICS

CHAPTER 1: INTRODUCTION

'In 1950, Brockmann and Henkel1 isolated a novel

lacton;c natural product from a Streptomyces organism,

This new substance wag nNamed’ p1kromyc1n Since then sev-
eral other antlmlcrobially and chemlcally related antlblo-
tics haVe been isolated from the same organisms By’the
end of 1957, the grosg structures of four members of this
new family, including mEthymycin,2 erythromycin A, 3 and ‘
B,4 and carbomycln A ( amyc:Ln)5 7 had been eluc1dated
Classical chemlcal deé§§§§tions demonstrated that each of

. these compounds contains a lactone incorporated in a medium
or 1arge size ring system. Furthermore; the ring was found
to be liberally substitqted with methyl gronps; Due to

the structural similaritiesbetween/Ziese antibiotics;
Woodwards proposed the family name "macrolide" This
rapidly grOW1ng famlly now 1nc1udes well over one hundred

lactonic natural products.

‘During these last, two - decades comprehen31ve Xeray
Vcrystallographic; 1H- and 13C NMR and mass spectroscoplc

data obtained from a few representatlve macrolldes ylelded
_much valuable 1nf0rmat10n concernlng the structural, stereo-

chemical and conformatlonal properties of these compounds 8-12. o
) . &
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: These~§Eudies revealed unique structural features which

attracted the interest of synthetic organic chemists. Thus

we Have witnessed in recent years, several major accomplish-

-

ments in this area including several total syntheses.l3-18

7 A briefioutliﬁe of the chemistry and biochemistry
‘of macrolide antibiotics is présented in thisséhapter,

)
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A) STRUCTURE AND CLASSIFICATION

The structure of macrolide antibiotics has been
. _

the topic of several recent r’evie‘wslg—21 and these compounds‘

have been c1a381f1ed according to their structures. It was -

found that many of these antibiotics could be classified
as either "polyoxo",-”polyene" or ﬁionopHoric" There were
several add1t10nal medlum size ring macrolides which have

not thus far grown into large families.

-~ I "POLYOXO" MACROLIDES

Of the more than one hundredﬂﬁacrolide antibiotics

now knowneﬁpt least half of them can be categorized in the
polyoxo" d%b -group. These compounds are usually 12-, 14-
or 16—membered 1actones Important characteristics of this
sub-group are: (1) a systematic array of substltuents, and
(2) the linkage of one or more sugars. Typical examples
include methymycin 1, pikromycin 2, erythromycin A 3 and
B 3a, leucomyc1n Aq 4 and.tylosin 2.22 Structures of the

sugars are shown in Figure 1.

, II "POLYENE" MACROLIDES

Structurally, compounds of the "polyene" sup-group .-

contaln only a few alkyl (mostly methyl) substituents and

o



R = Desosanmninyl

3R = 0H

3aR =H

- Desosaminyl
R2 = Cladinosyl



H © “OCCH,

| 4
R = (Isovaleryl)- .
mycarosyl- .

~mycaminosyl

R = Mycarosyl - mycaminosyl
r! - Mycinosyl :



Figure 1: The Macrolide'Sugaré

N\ o
OH

Rod

(CH3>'2N
D-Desosamine | :
. CH3 o | M3 o

- HO - HO OH
OH

(CH3)2N OH OCHs

OCH3 :
D-Mycaminose ) : D-Mycinose
OCH;  OH

CHj

L-Cladinose o LfMycérose

'éfe éharactérized by a cdnjugated polyéne consisting ofaup
to as many as seven E déﬁble’boﬁds. These molecules possess
distinct hydrophllic (polyhydroxyl) and hydrophoblc (polyene)
regions as exemplifled by amphoterlcin B 6. 23 Polyene

macrolides generally exhibit strong: antifungal activity.

A






III '""IONOPHORIC" MACROLIDES

The major feature common to macrolides of the

"ionophoric" sub-group is incorporation of two or more
s - :

lactone groups (oligonolide) into a very large ring

system. Most interesting is the hydrophilic "hole"
these molecules possess, allowing them to bind and

transport alkali metal cations in biological systems.

. V4
The tetrolide nonactln‘_lehz+ is a typical representative.




\

IV OTHER MACROLIDES

Included in this category are antibiotlcs which

consist of a medium-size ring System and orlginate from

either molds or bacteria. There are not suff1c1ent membefs

to date to form separate sub- groups A few examples are
zearalenomne 82 (from Gibberells zeae), curvarin 926 (from

a Curvalaria specﬁes), Pyrenophorin 192 (from Pyrenophora
avenae and Steﬁphylium radicinun), verﬁiculine.10a28 (from
Penicillium vermicﬁlatum) and brefeldln All 29 (from Pen1C1lf

1ium Curvularia, and Ascochyla).

)
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* The cytochalaeans 12,30 which possess very useful
biological“broperties, are also cLassified under this sub-
groﬁp. ‘Some of their_biological activities'include,antitumor,
antibiotic, and cytostatic action. This family consists of
13- or l4-membered ring compounds originating from the cor-
responding cyclic ketone via Baeyer- Vllllger type ox1dation

at a late stage of the blosynthesis.31

-B) STEREOCHEMISTRY‘ C

The arrangement of the substituents attached to

- the lactone framework of "polyoxo" macrolides appears to

be remarkably systematlc and can be correlated to Celmer' s
model 13 shown in Figure 2. It can be seen that methymy-
cin 1, plkromycln 2 and erythromyc1n A3 correlate quite

’well Information concernlng the stereochemlstrv of leunn-



Figure 2: Celmer's Stereochemical Model

. e

N—»0
R

12,



: mycin-§32 is available from X-ray data.and confirms the
l'indicated sfereochemistpy. An excellent fit can be achieved
for this macrolide by inserting the extra two achiral carbon
atoms ' (Cy, aﬁd-Cll) b_etWeen..C9 and C10 of Celmer's model 12..
This remarkable model has also been used to correct previ-
ously misassigned stereochemistry and to date, no contra-

dictions have been found! =

C) _CONFORMATION

Owing to their cﬁemotherapeutic impgrtance, the
l4-membered macrolides, such as erythromycips A and B, be-
came readily available and were the first compourids of this

4

class to undergo intense ;anormational analysis,
¢ hh

In 1965 Celmer suggested a model33 for the pre-
ferred conformation of e ythronollde B based én Dale’ 334
\proposed diamond lattice /conformation of: cyclotetradecane
- This model, shown in Figure 3, was consistent with lH-NMR
.sﬁectral data, mainly in:terms of the dihedral angles ob-
tained from, the Karplﬁs equation, however, it was found to
. be inconsistent with pr vious X-ray results. For example,
the X—ray data of erytHromyc1n B35 indlcated that the C6 -OH,

e
C9 =0, and Cl—O (lactone) groups were syn to each other, and

that -all of the C-0 axes of these groups were nearly parallel.

The CelmerfDalevmodel had correctly assigned the syn orien-

-tation of the C6-OH and C9=O groups, hpwever; it had placed

13.
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Figure 3 (Continued)
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these7groups.anti to the lacton carbonyl The resulting
C-O axes were oriented in different directions - Furthermore,
- the. cﬁ?stal structure implied a rather flat molecule contrary
Vto model 14 ‘Another 1nterest1ng observatlon was the fact
that all of the v1c1nal proton- proton coupllng constants36
were either in the 10-12 Hz or 0-2'Hz range and showed lit-
tle OT ‘no solvent and temperature dependence. These results
strongly implied ‘a rigid ring system with restricted confor-
‘mational freedom in solution leadlng to the conclu31on that’
the preferred conformation in solution was not very much ”
fdlfferent in geometry from that of the crystal structure. *
Taklng these facts into account, the Perun model 15 and l§36
‘was proposed. This model restrlcted rotation along the
C7-08 axis thereby achieving syn orientation of both C9=0
and C6-0H while minimiaing the 1,3-interaction between the |
C;\and C6 methyl groups. An excellent fit with CD and 1H-

13C NMR, data37 -39 was obtained in thlS way. i This model

and
- also accounted for the possible hydrogen bonding between

CG-OH and Cg =0, and between Cll-OH and Cl—O as indlcated .

13

by the C-NMR parame;ers

Inspection of CPK models of erythronolide B has
revealed an additional structural feature &hat is; the O—
containlng uubstituents (OH and sugar) appear on the same
side of the molecule while the alkyl groups are located on

the opposite side.




Even though the conformation of the 14-membered
lactones has been reported, that of the 16~ membered macro-

lide antibiotics still remains to be determlned

D) BIOGENESIS

7 .

The "polyoxo" macrolide antlblotlcs 1 to S dlsplay
many common features in thelr blogene51s 19g These macrolldes
origlnate from simple metabolic 1ntermed1ates such as acetate

propionate, malonate, 2—methylmalonate butyrate (or 2- ethyl-

7
malonate) in a manner analogous to saturated long-chain fatty

i

-
l )

acids. Typically, monomers, actlvated at the carboxyl group,

such as thiol esterS\of coenzyme A, condense in a rapid step-'

wise sequence with their carboxylated derlvatlves (malonate
2-methy1malonate and 2- ethylmalonate derivatives) to yield
“long chaln polyoxo fatty ac1ds These fatty acids can lac-
.tonize after a minlmum of one biological reductlon. . The
distlnguishlng feature between the biosynthesis of the mac- :
rolide. 1actones and the formatlon of saturated.fatty ac1ds |

is that ig the former the process of chaln exten31on is. .

ﬂindepend

N .l

“"at each sta?e

Based on the*bverall 51milarity*between the blo—-'

v

8ynthesis of fatty gc1ds and that of macrolldes 1t was. fi

suggested that the erythronolldes are produced from one' e

3

t- of modlfication of the 8-oxo function 1ntroduced;‘

17';

v
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TN

] propionate'and six 2-methy1malonate units by a Genéral Fatty- ;
Acid Synthase (GFAS) This scheme has been confirmed by
radioactlve labelling experiments and framf13c NMR studies40’41

r ]

-and is shown in Figure 4. Lactonization which precedes

g ‘_glycoside formation yields the aglycone of erythronolide B. \\\\\\//"

. Figure 4: GFAS of Ervthronolide

t . /
H
° A + —“C [ A?oz + \
< . +°c” V . ’
(Propionate) (Z-Methylmalonate)

|
. +[CH3 ] :
la «+

'(Er}thronolide)




The macrolides methynycin and pikromycin have
been found te be hiogeneticaliyesimilar to erythromycin.
The major difference arises from the fact that they are
not exclusively derived}ftom propionate/2-methylmalonate,

. I
but have one unit originating from acetate/malonate.F2

fhe bioeyﬁthetic schemehfor 16-membered macrolide
antibiotics_has recently received much attent'ion.l*:)’-44 With
respect to the lactone ring, these macrolide antibiotics can
‘be classified into two groups: (1) the tylosin group, and
(2) the 1eucomyc1n-magnamycin group. ' The tylosin group 17‘
is biogenetlcally 81milar to the erythromyc1n group and is
largely derived from propionate with one biogenetic unit
deriv1ng from butyrate/Z -ethylmalonate (GFAS Pr, Mal, 2-
MeMal, 2- EtMal) 43,44 The aldehyde group originates from
the methyl positlon of the butyrate Ty1031n also consists
of a dlsaccharide unit and a sugar residue attached to the

hydroxylated 014, methyl group.

J s

Acetate Propionate Butyrate

19,
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_ ——
Acetate Propionate Butyrate

The second group of 16-memhéred macrnlides, including-.
carbomycin A (magnamycin) and the leucomycins, in derived
from acetate/malonate units along with one proplonate/Z—
methylmalonate unit and one butyrate/Z\sthylmalonate unlt 18.
Butyrate was again found to be the source. of the aldehyde
moiety. The source of the C3 and C4 Garbons of tylosin

is known to be 2-methylmalonate, howevet,_the origin of

these” carbons in the carbomycin skeleton remains to be

45

found. Evidence from studies on ty1031n suggests p0531b1e

®

biosynthes1s from an acyl intermediate whlch could be

formed -after the 15- -0x0 or 15- hydroxy acid leaves the |

GFAS responsible for its formation. 46 A detalled disdus-

sion of the biosynthesis of leucomycin is postponed until

Chapter 2.

The biogene§is of the macrolide sugars will now
be outlined. D—glucose has been shown to be the primary

building block of the macrollde sugars, 41 Thus incubation "

NN e




of Streptomvces erythreus with Q-glucose-l—lac, -2—14C,‘
14C

or -6- » resulted in labelling concentrated at the
corresponding carbon of desosamine. This, in'essence,“
requires that the carbon chain of glufose must not be
cleaved during the formation of these macrolide sugars.
Alfhough methionine is not involved in the biosynthesis °
of methonolide or erythronolide, labelling studies have
shown that it is incdrborated into the sugars desosamine
and cladinose. The position of the label was determined
by degradation of the sugars originating from ﬁhe methyl-
14C‘methionine precursor. It was found that all the
radioactivity in desosamine was located in the dimethyl-
amino function, wheréas.in cladinose, the label was

equally distributed between the O-methyl and the gfmethyi
at C,. To account for these results, Celmer™? propbsedr

' that D-glucose is bound to a nucleotide during its
conversion to the macrolide 6-deoxy sugars as illustrated
in Figure 5. This accéunted for the fact that all macro-
lides have the saﬁe absolute configuration at their anomeric
centers and implied that the necessary.convérsions could
be carried out without opening of the glucose ring. ~The'
nucleotide is retained in the intermediates:until fina1 

transfer of the deoxy sugar to the macrolide lactone.

21.
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Figure 5: Biosynthesis of Sugars °

D-glucose >




CHAPTER 2: PROPERTIES OF LEUCOMYCIN

The leucomycins and carbomyc1ns (magnamycins)
are members of a clinically 1mportant class of macrolide
antibiotics. These 16~ membered ring compounds, of which
there are now at least 40, exhibit strong antibacterial
activity More recently, these macrolide antibiotlcs have
been reported to exhibit a high antimycoplasma activity. 47
Furthermore, they generally show greater biological acti-

vity than the 14-membered ones.48

In this chapter, the
ohemical and biological properties of the 16-membered
macrolide antibiotic leucomycin are discussed in some

detail.

i To date, at least ten 1eucomyc1n substrates have
been successfully 1solated from the fermentatlon broth of‘

'Streptomyces kitasatoensis. 49 The structures of eight of

these compounds have been fully elucidated by Omura et al >0

and all ten are shown in Figure 6.

It can be seen from structure 19 that theileuco-
'myc1nslare made up.of three m01et1es (1) a 16- membered
lactone, (2) the sugar mycamlnose (3 6- dideoxy 3- dimethyl-
amino- D-glucopyranose), and (3) the sugar mycarose (2,6-
dideoxy-3- C- -methyl-L-ribohexose). The structural differences
involve the presence of either a hydroxyl or O- acetyl group
at the C3 position and the nature of R2 on mycarose The

hydroxyl group (called the Fr group) is present 1n leuco— ¢

23.
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Figure 6: Structure of Leucomycins
3 HBC/,
19
Ry )
Leucomycin® A, 20 ” H (X)CH‘ZCH(CHS)2 )
A3 4 (:OCH3 COCHZCH(OCH3)2
A4 21 COGI-I3 COCHZCHZCH3
A5 22 H COCHZCHZCH3 :
A}G/" 23 COCH3 | COCHZCH3 |
’ A7 24 H, | ' C_OCHZCH3 | a o
A8' 25 COCH3 COCH3 '
Ag 26 H COCH3
o 27 COCH3
v 28 H H
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—‘L}
mycins Al’ AS’ A7, ghd A9 and the O-acetyl group is present

in the A A6’ and A8 compounds. The acyl groups on

3 B4
mycarose are isovaleryl (Al, A3), butyryl (4, , AS), propionyl

(A6, A7)'and acetyl (A8, Ag).

.

- A) TISOLATION AND STRUCTURE OF LEUCOMYCIN’A3

In the late 1960'3,,tﬁere was much active research
directed towards the isolation and determination of the
structure of the leucomycing. Some of the resulting infor-
mation is tabulated in Table 1.51 This information, together
with the lH- and 13C--NMR and IR spectral ‘data, led to the

final elucidation of the structure of these compounds.

The following paragraphs summarize some of the

results of the research and their structural implications.

— It was found that separation of the leucomyc1n
complex by chromatography on silicic acid gave a -compound,
leucomycin A3 4 as colorless prisms upon crystalllzatlon

from benzene. 52 From microanalytical data, the molecular

formula was determined to be C42 69 15 Although one . -

nitrogen atom was present, negative nlnhydrln -and Van Slyke
nitrogen tests 1ndicated the absence of a primary amine.
The Zeisel test showed that one methoxyl group was present

while. Tollen's and tetrazollum tests were pos1t1ve
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The spectral data of 4 provided valuable
structural information. The infrared spectrum exhibited
strong peaks at 1728 and 1746 cm~ (carbonyl); 1230 cm-l
(acetyl), a weak absorptlon band at 2725 cm (aldehyde)
and 1661 cm (double bond) .~ The NMR spectrum .n CDCl3
suggested the presence of one dimethylamino group (2.49
PPmM), one aeetyl greup (2.22 ppn), four olefinic protons
(48, 5.3-6.7 ppm) and C-methyl groups at ca, 1 ppm. >3
'The infrared spectrum of diacetyl 1eucom/c1n A3 still
showed a hydroxyl absorptlon therefore indicating the
presence of a tertiary alcohol. 8 It was also found that

1

the “H- NMR of the thlosemlcarbazone derlvatlve displayed

a triplet at 7. 62 ppm (J=5 cps, R-CEZCH—N ) suggesting the
Presence of a CHZCHO‘group. -Furthef,_leﬁeqmycin-A3
decolorized‘permanganate and bromine solutioﬁe and during
catalytlc hydrogenation (5% Pd-C) in ethanol, 2 molar
equ1va1ents of hydrogen were abso;bed The ultrav1olet
'gabsorptlon spectrum of 4 displayed a strong peak at 231.5mu
-(,e29,100), The pos1txon and 1nten31ty.was characteristic

of ana,B ,Y 6 - unsaturated‘glcohol or ether,

The fundamental reactlons in the struictural
determlnatlon of leucomy01n A3 are 111ustrated in Flgure 7.
Alkaline hydroly31s of 4 gave. the sodium salts of acetlc
and isovalellc ac1ds After ox1dation of 4 w1th actlvated a

manganese dioxide, the ultrav1olet spectrum of the-prodUCt

. -



29 indicated the Presence of an a, g, Y,8 - unsaturated
‘ketone, Amax 224mu (e 6,200), and 279. 5mu (€ 21,900), there-
fore suggesting anc,B ,Y ,8 - unsaturated alcohol in 4

Treatment of 4 with'dilute hydrochlorlc acid gave 30 and

-

- 28,

a,B=- 1sova1erylmycarose 31 and 32, whlle drastlc acid hydrol-

ysis of demycarosyl leucomycin A3 30 produced & ,B- mycamlnose
34 and 35. The neutral and basic sugars were found to have
thecx— and B - conflguratlons respectlvely as suggested by
their 1H NMR and 1nfrared spectral data. Acetylation of 30
gave dlacetate 33 which lacked hydroxyl absorption in the
infrared spectrum Both 30 and 1ts diacetate %33 displayed
signals due to three methyl groups in. their 1H NMR spectrum
The nature of the. C13—C15 segment wag determlned by treatment
of 4 with ozone followed by hydrogen peroxide oxidatlon to
give B—hydroxybutyrlc acid 36, suggestlng the presence of

*

the moiety 37. -

Analysis of the diene portion by H MR showed a
signal at § 4.05 ppm due to the. 09 signal which shifted to '
lo@er“field upon acetylation. The Cg'proton exhibited coup-
.ling;with‘the C10 proton at 5, 6 ppm (J=8.9 cps) and the C8

:proton (J 4.2 cps), however, the Cg signal could not be

'j.detected. The signals of the C11 PpProton at §6.60 ppm (13,

:Jll 10~15 4 CPS‘ 11, 12~10 0 cps) and the Cy, proton at §

- 6.05 ppm (1H le 11_10 0 cps, 12 13=15.2 cps) 1ndacated

an E, E conflguration for the dlene system

e Sy e n e



Figure 7: Sfructural Determination of Leucomycin A
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Figure 7 (Continued)
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Figure 7 (Continued)
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The position of the CHO group in  the lactone moiety
wvas determined by the method of Woodward. Ja * The aldehyde
portion of 4 was first converted to the methyldemycarosyl
leucomycin A3 dimethylacetal 40 by treatment with methanol
containlng a trace amount (17) of hydrochlorlc acid. Two
mycarose moieties, 42 and.43, along wﬁgh re—arrangement
- product 41 were also isolated from.the reaction mixture.
Catalytic hydrogenation (5% Pd-c) of 40 gave tetrahydro .
methyl demycarosyl leucomycin A3 which.was directly reduced .
with lithium aluminum hydride to the octahydro compound 44,
Subsequent liberation of the aldehyde with dilute acid fol-
ldﬁed by oxidation with hydrdgen peroxide gave aeid 45. The
mycamiuose portion could be removed by heating with dilute
hydrochloric acid and the resulting product 46 displeYed
an infrared absorption at 1770 cm-l characueristic of a 5-
membered lactone. This sequence implleq that the mycamlnose
was bonded in the position Y to the aldehyde group. It was
also found by Omura54 that oxidation of 4 with active mangan-

ese dioxide gave 9- dehydro leucomycin A3 29 which was identi-

cal in all respects with the already structurally established

carbomycin B. Further structural information was obtained
by hydrolysis of leucomycin A3 4 with hydrochloric acid to
give compound 47 which was subsequently converted to the

~c:ysta111ne demycarosyl 1eucomyc1n A3 hydrobromide with an

aqueous ethanollc solution of hydrobromic acid. X-ray crys-

tallographlc analy91s of the hydrobromide 1ndicated that

( N

34,
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the C9 hydroxy had undergone re-arrangement, however, the

configuration of the rest of the molecule was determined.55

_—pr

“OCCH,

8

R = Mycaminosef

One remainlng problem in the structural determin-
ation of 4 concerned .the position and absolute conflguratlon':
of the Cg-hydroxyl group. “The 1H NMR spectrum displayed a
double doublet at $4.05 ppm, consistent with the structure

of the segment 47a. In order to confirm the presence of the

A3

o |
—CH=CHCHCH —

47a
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hydroxyl group in the~9-position the 9- dehyd;o leucomycin
A3 29 was hydrogenated (5% Pd- ¢) and subjected to Baeyer-
Villiger ox1dat10n with perbenzoic acid to give 38 shown
in Figure 7. Finally, alkaline hydrolys1s gave compound
39 which was 1dent1ca1 in all respects 'to 7- hydroxyoctan01c

acid. The absolute conflguratlon of the C-9 p031tlon was

l‘
¢

later determined to be the R conflguratlon >6 E

e
3

To complete the structural data of 4, the 13 : )

C-NMR
spectrum is tabuiated in Table 2. The 1ow field signai at
,6201 2 is due to the aldehyde carbon, and the lactone carbonyl
the C3-acetyl and the isovaleryl carbonyl all appear at
around 6170 The 81gna;srat(§127 136 were a351gned to the
four olefinic carbons CIO-C13’ and the signals at 6103.7

and 97.0 to the B-anomeric carbon of mycaminose and the

-anomeric carbon of mycarose respectively.57

These results ba31ca11y completed the first stage

>

of structural" studles of leucomycin A3

B) CONFORMATION ..

As was mentioned in Chapter 1, conformatlonal
analysis of macrolides in solution is an 1mportant factor
in the examination of their structure- act1V1ty correlatlon

as well as their chemical react1v1ty The conformation of
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erythromycin had been determined to be quite rigid. From

the infrared CD and 1H NMR spectral data, the aglycone por-
tion of leucomycin seems to. have a flex1b1e conformation. >8,59
The CD measurements in various solvents and under variable
temperatures,have shovn that the ester—carbonyl region is
extremely mobile. From lH—NMR data, it has been observed

that the aldehyde group, the Cy-acetyl group and the Cqq-
proton are all in close proximity above thexlaotone ring.

“

The high mobility of leucomycin may arise from the absence
of the conformational stabilization by the many methyl

groups found in erythromycin.

'C) TISOLATION OF THE AGLYCONE

Important in the structural and blosynthetlc stud-
ies on macrolldes is the isolation of the lactone. In1t1a1
attempts to cleave the dlsaccharlde unit with mild acid
treatment falled due to the stability of the antlbiotlc
and more drastic condltlons caused decompositlon of the .

’lactone, An efficient method for the removal of the sugars
has been the modified'Polonovski reaction 60 The N-oxi&é
”of 4 -was prepared in high yield by reactlon‘WLth m-chloro-
perben201c acid in chloroform The structure was confirmed
f;om the 1H NMR spectrum by the Shlft to lower field of the
-N-methyl 51gna1 from 62.6 in the’ amine to §3.35 in the N- -
oxide. Reflux1ng of -the N-oxide with acetic acid in chlor-~

- oform gave the de81red aglycone 48,
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Girota and Wendler in a later ouolication 61

'reported the preparation of 48 by treatment of the N- ox1de
of 4 w1th acetic anhydride and pyrldlne Their results
were. apparently 51milar to- that obtained by Omura however,
they also isolated a second product, an enamlne 49 which

was formed by introductlon of a double bond between the

, :
2 and 3 positlons of the mycaminose moiety The enamine

was readily converted to 48

e
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D) BIOSYNTHESIS

iﬁ contrast to the structural elucidation which
is now v1rtually complete the biosynthe31s of the leuco-
mycins still remalns to be fully determlned Early work
on the blosynthe31s of magnamycin revealed that the ‘sugars,
‘mycaminose and mycarose originate from glucose. 62 These

.studles also shéwed that the N-methyl of mycaminose and the -

O-methyl in the lactone orlglnate fron the S-methyl group .
of methionine and that the isovaleryl group on mycarose has ' !
L-leucine as its Precursor. The origin of the lactone.ring | @
- catbbns was determined from 13C--NMR spegtrél studies using ."_ - |

the‘13C-enrich¢d_Precursors.[1—13C]-ééet3te, [2-13C]-acetate,



[
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[1-13C]—butyrate and [1,4—1§C2]—sucginate.63 Feeding ex-

periments were carried out with Streptomyces kitasatoensis.

)

Enhancement in peak heights of the proton—decoupled 13C—NMR
spectra were obtained, however, relative intensities could:
only ‘be estimated due to 1nterference by a Nuclear Over—

hauser effect

The results of the feedlng experlments 1nd1cated

no incorporation of [1, 4-13 ] succ1nate 64

Relatlve peak
helghts of the [13C] -acetate labelled samples indicated that
carbons -1, -5, -9, -11, -13, -15, -17 and -20 originate

: from the C-1 of acetate (the incorporationvat carbons -5 ,
and -17 being much weaker), and that carbons -2,{—6, ;7, » | i

-8: "'10;. '12, “14,,-16

; -18, -19 and -21 originate from C—2
of acetate (the enrichment at carbon -6 again much weaker).
These results were confirmed by 1abe11ingvexperiments with

LBeom

: 11,2-1302]-acetate, The nroton-noise decoupled
spectrum reVealed that carbons -1, -2, -9 to -16, -20 and
=21 were enriched and that each of the 31gna1s was accompan-

ied by a doublet arlslng from v1c1nal 13C 13C coupling

(Jo..c.=63.2 Hz, J, _. =51.0 Hz, J. _. =59.8 Hz; J
c,-C, Cq=Cqq > 1"0 c c

11712 137 C14

45.3 Hz, J,. - —38 7 Hz and J

) —64.1 Hz) . Only
C15-C16 o

C20-Co1
singlets were observed for carbons -8 and -19.- The weak
enrlchment at these sites was due to indlrect 1ncorporat10n
1nd1cat1ng that carbons -1, -2, f-9 to -16, -20 and -21 were
dlrectly derived frqm intact acetate In the sample derived

from [1- 13C]-proplonate, only carbon -7 was specifically
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ienrichéd This suggested‘that carbons'-7 -8:and‘e19.arose'\
: directly from propionate 65 The carbons -5, -6, 17 and -18
-fgwere neéligibly enriched by [ C] acetates, inferring that
.wthey are only indirectly defived from acetate Feeding ex-

‘ periments with- [1--]Z C]-butyric acid and (1 :1 C] ethylmalonic

". acid were carried out - The results showed enrichment ‘at

7

';centers =5 and 17tfrom [1-' P] butyric acid and[l - C]-
ethylmalonic acid rbspectively, supporting the gaet that. u

}carbons -5 f6 -17 ‘and. 18 were derived from butyrate
3 u_» : - ; f‘ :
‘The method of incorporation of butyrate should be

similar to that of acetate and propionate For éxample

"*usecondary metabolites containing acetate and propionate units_

are possibly synthesized via the same process as fatty -acids,
that- is, acetyl CoA and propionyl CoA function as’ initiators
_ iwhile malonyl CoA and methyl -CoA participate 1n chain exten-

' ”sion.66n In the same manner ethylmalonic ac1d should be

-

f:gincorporated in the form of ethylmalonyl CoA_as an actual

fhvparticipant of a butyrate unit in chain extensionn

" -

~ Im the samples obtained by feeding [1- C]-buty-
ilrates, only carbon 5 was’ highly enrlched with negligible |

. incorporation in carbons —1 9; 11 13 -15 and -20 which .
; should originate’ from c-1- of acetate. Possably this arose
‘from the conversion of butyrate into acetate by g- oxidation
‘Carbon -7 also exhibited definite enrichment from [1— C] |
:dlabelled butyrate : This enrichment may arise from converSion__

'of the [1—1 C]—butyrate into succinate by w—oxidation fur- .

]
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<

ther isomerization'to methylmalonyl-CoA via‘succinyl-CoA
and finally, incorporation into the aglycone of, 4 as shown

in Figure 8. Vi

No enrichment on carbons -3 and -4 was observed '

by’ feeding experiments with [1— C] glycine diethyl [1- C]-

oxalate [2- C]-malonic acid and diethyl [1 - 3C2] succin—’

ate, indicating these two carbons may arise from a different'
‘source. In summary, the aglycone of 4 originates from five
acetates 1one propionate one butyrate and an unPnown precur-

sor for carbons -3 and . -4, . |

E) ) BIOLOGICAL ACTIVITY

 As'a result of the many biological studies on the
;leucomyc1ns several clinically useful properties of these
.macrolides were fonnd - For example, leucomycins Al-A9 were

'found to\effectively inhibit the growth of gram—pdsitive_

bacteria and gram-negative coccus but not of‘gram-negative 'q

. bacilli 67

It was also found ‘that an increase in antibac-
\terial activity of hoth the ‘Fr and Ac groups was related to
wan increase in the length of the carbon chain R2 With the
;';isovaleryl group hav1ng the highest activity The antibac—
terial actiV1ty was higher for the Fr group than the Ac |
R group, however,,the latter showed higher blood level and
lower toxicity than the Fr group.f The blood level of the i;

16-membered macrolides is known to be lower than that of
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Figure 8: Enrichment of .C
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the l4-membered antibiotics,*hut this problem has been par;

~ tially overcome by acylation.48 The methodology available

for acylation is described later in this section.

" The a "8, Y, §-unsaturated alcohol moiety was not

found to be related to antibacterial activity, but modifi-.

-cation of the aldehyde group strongly affected such act1v1ty
‘l‘Either chemical reduction of the aldehyde to an alcohol or

‘ conversion to the thiosemicarbazone resulted’ in significant

reduction of antibacterial activity To determine the effect

of structural modifications of these moieties towards anti-

bacterial activity, compounds 50 to 55 were prepared as

Afollows. 0xidation/of 1eucomycin A3 4 with manganese dlox-

vide in chloroform.gave unsaturatedaketone 29. Reduction of

4 with ethanolic sodium borohydride gave diol 50 which was

?subsequently pxidized (MnO2 in chloroform) to a, B, Y, § -

unsaturated ketone 51 Re- arrangement of the 09 hydroxy

. group dbuld be effected by treatment with aqueous 0.2 N

'”-hydrochloric acid at 600 for two hours to give isoleucomyc1n

Ag 52 which upon subsequent sodium borohydride reduction in

ethanotl gave ‘diol 53 Oxidation of diol 53 as before gave

{,re arranged a,” B. Y, 6-unsaturated ketone 54 - These reac-

tion sequences are illustrated in Figure 9. The effect of
modification of the formyl and the 9-hydroxyl group is sum=-

marized in Table 3 This data reveals the important contri-

_bution of'’ the formyl grqup or, in its place, a carbonyl at

the 9 position towards antibacterial activity -~ From the .

..t -

.t
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Figure 9: Synthesis of Leucomycin Derivatives.

-




Figure 9 (Continued)

48.
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results in Table 3, it can also be seen that isomerization .
of the 9-hydroxy compound to the 13-hydroxy compound by
allyl re-arrangementiin acid (pH 2.5-3.8)67 causes only

a slight decrease in‘antibacterial activity.

Attempts have been made to try to improveithe |
biological activity of i6-membered nacrolides. For example,
it is known that they generally exhibit lower blood level
concentration than the.14-nembered antibiotics. As was men-
tioned earlier; acylation (specificaliy at the Cg-hydroxyl)
increased the blood level of the 16-memberedfmacr01ide§.
Specific acylation at the Cg-hydroxyl may at first seem |
difficult since a hydroxyl is present in the 3, 9, 2'

e Te f
3 and 4 positions however, two effective methods for

?

specific’ Cg-hydroxyl acylation have been reported. 50 68

One method for achieving this speciflcity involves treatment
of 4 with acetic anhydride in pyridine\to/give dlacetate
55a followed bysolv01y31sin methanol to give acetate- 33,
The second method involves selectlve acylation of the Cg-
hydroxyl by reactlon of 4 with acetyl chloride in the pres-
ence of . amine. Acylation of the: C9-hydroxy1 resulted in

an increased blood level of the antibiotic without changes
in its antibacterial activity To date there have been

- no éxamples of new compounds with good antimicrobial acti-
'vity resulting from modification of the 3° alcohol at the

LN}

-3 position

50.




CHg
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Another impoftant,aspect of hiological activity

is activity towards mycoplasmg.. In'this regdtd, leucomyoin
A, showed the highest activity. As was menfioﬁeﬂ earlier. |
antibiotics with the Fr group exhibited higher antibacterlal
activities than those with the Ac group. On the other hand,
tests for ‘antimycoplasma showed the antibiotics with the Ac
"fgroup were more active than the: Fr moiety. This reversal
of activity is thought to arise from the difference in mem-
brane structure between the two kinds of micro- organis?m

It is known that mycoplasma has no cell wall being enveloped

O
only with a cell. membrane.69

52.
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-CHAPTER‘3:A_GENERAL STRATEGY TOWARD MACROLIDE SYNTHESIS

-~

The macrolide - antlblotics'have been a source of
many challenglng problems to SJnthetlc organlc chemists.
As a result, several new svnthetlc methods for macrollde
formation have been developed This chapter presents a |

?

brlef summary of some of these methods. ,'

There arebtwo'main problems associated with the
synthesls of macrolides; One is the donstruction of medium
or largeesize lectones -The~second problem involves the
introduction of chiral centers into ‘a stralght chaln ali-

\

phatic acid.

‘There are two general methods forrthe construction
‘of medium or large-size lactone rings. The first method
involves breeking of internal bonds inip01chclic systems.“
V‘An.example of this &ype of epproach‘is”cleaVagevofrthe bond
common-to the ‘two rings,of a fused bicyclic compound. When
the fusion bond is the'double bond of a vinyl ether,ioxide-
tlve cleavage has been used with good results. Thus, Boro-
witz found that ox1dation of vinyl ether 56 with excess
m-chloroperbenzoic acid prov1ded ketolactone 57 in satis-
factory yleldsfqo Similarly, Mahajan 71 reported formation
of 58 by reaction of 36 with n-butyl nitrite.v Subsequent
0xidat10n of the. oximlno lactone gave 57. Use of the Boro-

witz procedure to form. 12-membered ketolactones requxred

preparation of Yinyl ether 60 This could be accompllshed

53,
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in good yields by acid catalyzed dehydration of 59, Oxida-

tive-éleaVage of 60 gave 61 in 72% yielq.72 However, cycli-
- zation of 62, é'model compoupd stereochemically more compli-
.cateé than QQ, gave a'mixture of isomeric enol ethers 63 and

the reaction proceeded in poor yield.73 Cleavage of the
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non-activated fu31on bond 1n the bicyclic olefin 64 with

ozone or potassium dlchromate gave diketolactone §§74 in

50 to 62% yield.”

Y

An 1nterest1ng example of cleavage of the fusion-
bond involves an. ‘Intramolecular retro- Dleckmann reaction.

For example treatment of 66 with sodium hydride gave taln

55% yield,?S

C: The second method for ring construction involves
cyclizatlon of- an acyclic pPrecursor. Ring closure .however,
_is dlsfavored due\towthe loss in entropy that ‘accompanies
cyclizatlon Also lntermolecular rather than intramolecular

reactions often complicate matters. Desplte these difficul-

ties this approach seems to be the most general one.

“
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One. of the flrst examples of this method involved
the cycllzatlon of allylic dlbromlde 68 w1th nlckel carbonyl76

' from whlch lactone 69 was obtalned in 70 to 757 vield.

Br . e R ! . .
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Lactones have also been synthesized fromkb;m' diacetylenic
y y

esters. ‘Thﬁs, ox1dat1ve coupling of 70 w1th cupric ion gave

the corresponding dlynolldes 71 in hlgh y1e1d 77 o
1 B o -
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In anothe: examﬁle}of this type of aﬁproach “an

internal Dieckmann condensatlon has been used to yleld deriv--

‘atives of zearalenone When trlester 72 was treated with

sodlum bis(tr1methy1311yl)amide in reflux1ng ether, compounds

i

20 SR L

73 and 74 were formed 1n 77m yleld \- o : ce T ~‘Q';




A slightly different approach from the previous

B RN

L _»"two-ring construction methods involves direct lactonization,7i'

'of aucyclic ketone by Baeyer-Villiger oxidation. This |
j\i"approach can‘ﬁe useful if the macrocyclic ketone is readily
'available. Synthesis of such a Letone would have to—be

OVetval,fcarried out under virtualIy neutral conditions to g;event

”f@nfepimerization at centers adjacent to’the carbonyl function.i,
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' Thus, preservation of stereochemical integrity in a cyclic .

ketone may ‘even be a more difficult problem than synthesis

of the lactone itself This approach is further complicated

)

in that for the case of an unsymmetric ketone two lactonic
products are poss1ble, thus making this approach;very:unatf"i
‘tractive. SRR

- b

Of all the macrolide ring formation reactiqns

lactonization of hydroxy-acids appears to be the most. direct thcﬁwv “L

58.

and general approach Therefore, if one adopts this method-“’”w.

ology, it is of prime importance to know if the ' seco-acid"

corresponding to a natural macrolide can be lactonized ln"

this respect Stolls' classical ‘work on intra- versus intef;f

,molecular esterification of straight chain m-hydroxyac:i.ds-}8
' was particularly discouraging. He showed that intermolecular
bond formation was favored over intramolecular cyclization.
However, this 1actonization approach is especially appealing
since the biosynthetie pathway very likely involves lactoni--
dzation as the final step Furthermore, lactonization of the"

seco-acid as a final synthetic step greatly simplifies the

introduction of the appropriate steredchemistry. .
_ A

: With respect to the intra- versus inter-molecular
_cyclization it has been found possible to control the out--'
'icome of the lactonization reabtion providing the chain is j
"long and conformationally flex1b1e. The most common way |
‘_to promote intramolecular reaction is to %mploy the high

»dilution technigue. This can be‘accomplished in practice '

o




_ obtained using this methodology 79

o

~

'by slow addition of the reactant 8o that reaction of the
first portidn is virtually complete before introduction

““Vof the subsequent portion.' Excellent yields have been~<-

G -
. . ~

Another serious consideration arises from the

a

.steric “effect of the numerous substituents toward seco acid
K"cyclization , It may be recalled from the first chapter that
'"many\of the "polyoxoﬁ macrolides are conformationally quite
.\'rigid That this rigidity 1s passed on: to their seco acids '
B Is confirmed by inspection of CPK models This implies that
.?“‘rotational freedom df most of the c- C bonds is restricted -
cov.a condition that favors intramolecular cyclization. Acti-

fh vation of one or: both of the interacting moieties of the

i

L]_?seco-acid should further enhance intramolecular reaction J/

3. . > . A .
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There are now at 1east three efficient methods

- L

"available for the formation of the lactone. The first one lf?

-

frelies on actiVation of- a hydroxycarboxylic thiol ester
j'bwith a: thiophilic, soft metal 1on such a8~Hg. Application .
xof/fﬁi\ method has resulted in the high yield (90%) 1acton-x &;p
:ization of~the seco-acid derivatives of zearalenone.89~ The .

u‘”second method Cprey 8 "double activation" technique 81'is;,'

patterned after MuPaiyama s peptide formabion.82 This method
involves refluxing a dilute solution of the thiol ester shown

in Figure 10 in -a high boiling inert solvent such as xylene ,

or toluene Modification of this approach constitutes method T

]
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three. It was reported by Gerlach83 that AgClO4 accelerates

the reaction 80 that cyclization can be attained in one hour

. : i
o

at I’OOI!I temperature.

) With the development of these three techniques,.
/tﬁe formation of medium and 1arge-sized lactones can now
o be satisfactorily accomplished. The second problem, invol- . .

=R

ving introduction of chiral centers into a straight chain -

'aliphatic acid still presents a maJor synthetic challenge

and requires creative and imaginative solutions. The rem-
’ \
' ,sinder of this thesis is directed towards a solution to

= this problem.
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P ””I)"/i;zure 10. ’Lactonization' Procedufes
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CHAPTER 4: SYNTHESIS OF THE Cl 09 AND Cll C15 SEGMENTS

OF THE AGLYCONE OF LEUCOMYCIN A3

s _
Recently, we have witnessed the total synthesis

of methymycin14 and erythronolides‘A'and B;18‘ Ihe'16-mem-
bered macrolide antibiotics thus far have received little
or no synthetic attention. To date, the synthesis of leu-
comycin A3 hasg not been reported. 128 Towards this end, he:
synthesis of both the right hand C1 9 and left hand C11 15

segments of the aglycone of leucomycin A3 are described in

/N

In the preceding chapter, it was shown that the

this chapter.

most direct approach 'to macrolide synthesis involves final
lactonization of the seco- -acid formally derived from the
antibiotic. A reasonable retrosynthesis appears to dissect

the. seco- acid into the QWo fragments shown in Figure 11.

Isomers must be combined for the synthesis of the
macrolide. Three p0881b1e approaches are available (1)
Both segments can be resolved or asymetrically synthesized
and combined (2) One segment can be resolved and used as |
a resolving agent for the other or (3) The stereochemical

information can be directly transmitted from ohe segment to

the other via chemical reactions, as is achieved in enzymatic '

reactions The method to be pursued in the synthesis of

leuconolide is the second one. This approach has already o

‘,f'i
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Figure 11;

-

\

Retrosynthesis of the Seco-Acid

63..




resulted in the successful completion of the synthesis of

84 It was hoped then, condensation of optically

methymycin.
pure segment A (Cll-Cls) and racemic segment B (C Cg) would
lead to the proper aglycone. The synthesis of the optically

pure C;,-C,. segment will be described later in this chapter.
11 ™15 , |

+

A) SYNTHETIC APPROACH TOVARD THE C,-Cq SEGMENT 2

" The design which was used in the partial synthe51s
of leuconolide, described in this thesis, required the syn-
thesis of two units, the C1 C9 segment and the C11 15 seg-
ment. The approach adopted towards the synthesis of the
Cl-Cg segment involved use of a lactonic acid intermediate.

el

;In the total synthesis of methymycin, the Djerassi Prelog
1actonic acid.(shown in Figure lZ)_was equivalent-to-the
right hand side of the target molecule. This.intermediate“
was useful aince it.contained all of. the appropriate asyn?

metric carbons for the Ci-C7 portion ofvthis nacrolide an-

64.

tiBiotic.- DJerassi had reported that this lactonic acid was

a degradation product of methynolidess.and picronolide |
ObViOUS1Y. use of this type. of 1ntermediate would lead to 5};
a synthetlc approach applicable to other macroiide§ provid-
'_-ing the proper modifications could be made.‘ The correspond-d

ing lactonic acid intermediate shown in Figure 12\has not k

been reported as a degradation product of leuconolide. Th i
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Figure 12: Lactonic Acid?Intermediates
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intermediate would, however be useful in the synthesis of

1euconolide as well as the aglycone of carbomycin, and only

minor modification (exchanging the 4-methoxy for ‘a. 4-methy1)

would lead to the precursor for tylonolide Degradation of
1eucomycin AS has given, after- esterification the methyl
iester 6} in 70% yield86 as well as 10% of 62 aS'described

later in this chapter

I

, The overall synthetic approach to the aglycone of
leucomycin\is summariZed in Flgure 13 ‘

< ] 2

[ v > A B

B) SYNTHESIS OF THE mc\.c*r:m:c"cl-c9 SEGMENT

|

The starting point enroute to the desired ¢

_‘lactonic acid was the cig- diacid 10, also common . to the'
. methymycin synthesis The first task 1nvolved improving

‘the. yield of this dia01d

In 1966 Cannell reported the formation of

fbicyclo[4 2, 1]nona 2 4 6-triene 4 during the pyrolysis ? .

Toe

66,
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Figure 13: SyntRetic Approach Towards Leuconolide

A}
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Leucomycin A3 «:>Q;(




- Figure 13 ‘(Continﬁed)
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of the [IT24~'H§]' dimers of norbornadiene Schrauzer
reported that ifsthe présence of bisfumaronltrile nlckel(O)
norbornadlene is d1mer17éd to the anti fused isomers 1, 2

and 3 the’ main product being 2 which accounts for approxi-

mately 80% of the mixture.

exo-anti-exo endo-anti-<exo- - endo-antiendo

1 -2 3

" The orlglnal procedure 1nvolved a sealed tube reactlon App11~ '

-cation of thlS method to a large scale (350 g) resulted 1n a
'violent explosion, - A better approach seemed to be use of
nickel carbonyl in an open system 89 The yields»were good
and the’ reaction was much safer to execute; ' The amount of
‘isomer 2 in this mixture appeared to be almost identical to

that obtained by the prev1ou§ method

]
N

The dimeric mlxture was pyrollzed (300 360 ) in a

87,88

69.

flow system to glve°4 in 85% yield  Since the product distri--

‘bution is a function of temperature, contact time and surface
: area it was necessary to nonitor the earlier fractions by
1H NMR spectroscopy to optlmlze condltions.~ Too high a tempd'

werature and/or too long a contact time produced an aromatic ;h



material by further reaction of 4. This result is highly -’\

undeSirable due' to' the extrene difficulty in separation of 4

from the ‘aromatic by- product Use of too low of ‘a temperaturej

Vo

resulted in incomplete oracking to exo tricyclo[4 2 1 2, 5]

‘nona-3, 7-diene 6, a pyrolysis intermediate along with un-

70.

- cracked dimer A typical experiment using a 2, 5 x 35 cm BRI

dcolumn required an oven temperature of 350 360° » a flow of
xf40 ml per minute of carrier gas and a drop rate of 12 to 15

seconds

N

The oxidation of the igsolated’ double bond of 4 was -

accomplished in four steps. | Hydroboration of 4 with bis(3-_

8
,etal rearrangement to . alcohol 7 The selectiVity for the

»

~_;isolated double bond, may ‘be rationalized by assuming that

;‘icongugation in the diene portion results in reduced reactiVity
-'at that site 105 From inspection df molecular models the
:methylene bridge was’ found to be inclined slightly towards |

. the plane of the diene providing somewshielding from exo

r\,\

o hmethyl~2~buty1)borane9; proceeded in 75% yield without skel-,"'c



"._gsulfoxide uﬂing trifluoroacetic anhydride aﬁd trlethylamineQS:;

'°tusing the lanthanide shift reagent Eu(fod)3 84,

‘]dation

-

“:_attack by the borane; The isomeric purity was ca. 907 and

‘the hydroxyl group was shown\to ‘be in-the.exo configuration

'.—A - N ‘ \) ."v‘-\‘.“-. ': ' ';;-‘ ‘5 -_ F
Activatieneof\the C8 position was accomplished by

"_oxidation of. the C7 alcohol to. the ketone 8. Oppenauer oxi-"

92 93 94,

t:gave reasohdble yielda of 8 However oxidation 4n dlmethyl-

¢
- fv
o

S e S
,”—"‘I" ..-‘ ot g - : . . > .‘5 : s ‘)

\_H»r‘ a‘ : »

Acfd functionality could now be introduced at thel

Cé'position by first preparing the hydroxymethylene deera~ﬁ

Jtivarﬁ 9 Ofollqwed by,subsequent oxidative cleavageﬁwith

N

s

using aluminum tert-butoxidevb and . 4 benzoquinone\

';Je~}proceeded in almost quantitatlve (94%) yiéfa '~¥‘ @f"‘f e i

Giif%sodium meta periodaue97 to the iacid’lo Theée steps»pro- %"

71.
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_ R : . :
ceeded in "good yield. The 1H NMR spectrum of tbé dimethyl

e

ester 11 showed no. evidence of the trans isome f98

T Epoxidation of the diacid lO*with mrdhloroperbenzoic
acid in methanol gave the desired acid 12 in about 50% yield
after chromatography along with alcohol 13 in 35% yield \

- . : ’ N . : * o—

4 T ‘ ’

/.TTfThe results of dedoupling experlments for §°id 12 are summar-
’”‘giized in Table 4, Further confirmation of the structure of
;VA:the acid was achieved by - conVersion of 123t0,1t8‘meﬁhY1'estgr!

72.
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‘Table 4: " 'H-NMR Decoupling Experiments for 12

A

: Prd%on.Itrﬁdiéﬁion'(H) ? ”ObschQQiChanke'

L 245(H HpY o Hg(2.3), 4 HgHg, 8.5
| | | et
L 23MH)  H(2.35, 2. 52), bd- N
Lo 5(5 ), d Hy-Hy, 4.0
o w 0 HgHy, 18
‘ .-59(5.96),}dd S HgeHg, 1005
. .. . ) . ‘ ". 1.5 A
: AH3(5;76);‘bdqb; " HyHg, 1o.s.

C4.19QH) '»,~'_:-”  H.(5.16), bd S
o 3<5 76), dd ' Hy-Hg, 10.5
B RIS A Hq-Hg, 1.5 S
N *t'g}:-jfgg(sg?é), dd;vj'.  ::;»H95H3s.10 S5
LT T H(. ~e),,bda jef;'  , ‘Ha-Hg, 0.5 @ -
: R '»;jgj-“, ‘ H4(4 16) yg; wjjgﬂs,“_vu4gng;,1 5 -?fi7‘ .

Ty

’ ’*5L80§H3f39>' '"gL:7, 34(4 16) d  frj:i}§}:xH4‘B ‘7§§9f73;*""‘

B iz v

’f:519°<5355§if“ 5 f;fi} “ <4 16) bd :fﬂ¥;q55f7%H4~H5. 4 0 j;:f‘




achieved by first converting the ‘acid 12 to the corresponding
acid chloride 15 with freshly distilled oxalyl chloride. If
the starting acid waa very: pure, the corresponding acid cblor-‘

'ide crystallized

The acid chloride was treated wigh diazomethane.to give diazo-.
compound 16 as a*yellow crystalline material after column
chromatpgreyhy on silica gelf*

‘The diazoketone-was thén,photo-_'}




Lichloroformate in the regence of triethylamine followed by

reduction with sodium borohydride. Subjecting acid 15 to”

- “the same conditions as 17 gave alcohol 101 1n 40 tJ 50% yield R

N
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fmajor pﬂoduct as deduced from its mass spectrum Thus “the

76.

1ithium anion of‘1,3--d.ithiane'106 gave a single- product The °

product was not, -however the desired compound 103[ss it ex-
hibited no lactone carbonyl absorption in the infrared spec-

truﬂ; It was -postulated that this _compound had the structure

104. Furthermore since the Lemieux-von Rudloff oxidation is

. i

a pecessary operation in a later step, model compound 2~ ethyl-
/

1, 3-dithiane 105 was tested for its stability to. these condi-

tions, Unfortunately, tetraoxygenated compound 106 was the

| dithiane'upproach was abandoned .

Y N o ) - 3
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, _ The suitability of protection as an acetal was
next tested _ The alcohol 19 was first oxidized to aldehyde
\ 107, in 807 yield with pyridinium chlorochromate, and su,b—
| sequently cbnverted to dimethyl acetal 108 Reduction of
the dimethyl acetal at -15° with lithium aluminum hydride
- gave diol _rQ_ and ace_tal _1_9_25{. .Furtl:;ermo:e, giol ~_1_g9_ gl_owly,
ch‘ang’ed_ ‘to }acetal _1_0_23_ upon standing- at. room itempetatpre. '

Treatment (of the mixture with.tosyl chloride ,r* followed by
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- by oxidation Of 3'Pheny1Propanol with pyridinium chlprochro-f’»9-

lithium aluminum hydride reduction, gave almost exclusively
compound gave diacrd 112 which was of no value since there

alities for future chemical operations.. The dimethyl acetal

approach was further rejected on the basis of the following-f

vmodel studies ‘ In these studies, compound 113 was. prepared

'-quent oxidation, followed by VPC analysis,ashowed that

., 5 dimethyl acetal 113 had degomposed. Also ‘preparation of

- the ethylene glycol acetal 114 by treatment of heptanalde-»:vdf7'*‘

“.hyde followed by Lemieux-von Rndloff oxidation, gave
7wexc1usive1y one product ’moat‘likely 115_a Qdeﬂv’l'::fﬁdj

“3e, followed by protection as the dimethyl acetal ) Subse- =

790‘

‘(ca 80%) product 111 Lemieux~von Rudloff ox1dation of this .

}was no easy way to distinguish between the two acid function— n




: 8. ,
CeHsCHCH)CHOCHy), R ]
b . . v : [ ‘

i ‘ - ) . | ) ‘ *o ) "n
-8 ] g T |
CH3§cﬂz)5 H o — . CH3(CH2)5<;HOCH2CH20H

n4. - C __1§_

With these discouraging results, attention was'
‘focussed on. the protection of the alcohol instead of the ,
aldehyde The methoxy- methyl protecting group was selected .
| and a more detailed discussion of this group is presented

in Part II of this thesis. It‘was hoped that deprotection

‘and oxidation to the aldehyde at a 1ater stage might be

feasible Thus treatment of alcohol 19 with chloromethyl o
methyl ether in the presence of a very hindered base such ‘ -
as dlisopropylethylamine gave ether 20 in quantitative |

‘yield

‘ ’ : ; s
C . L.
19 «
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The lagztone portion of 20 was reduced with lithium
aluminum hydride t0‘the-resu1ting‘diol_gl, agatn in quanti-

tative yieid and subsequent treatment of. the diol with one
P L . . ‘

“equivalent of p-toluenesulfonyl chloride in pyridine gave

tosyl compound gg;.-ThiSAfunctionality wouldbiead to the

deaited pethyl group in the C3—C9fsegment. “The maximum _L

‘Yield wasw94%; howeVer in experiﬁents where the yield was

lower extraction: of the«aqueous layer with chloroform gave
recovered startlny material Protection of the secondary

alcohol’ function of 21 was achieved by quantitative conver-

"sion  to the tosyl silyl ether 23 with pvridine and trimethyl-

i de. . ¢ N
8 1y1chlor1 e DA HO

81.
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Removal of the ether protection with a methanol solution _'

containing a trace amount - of trifluoroacetic acid gave alco-

hol 25 which could easily be purified by column chromatog-

raphy over silica gel resulting in a 96 yield of pure 25.

Compound 25 now meets all the requirements of a precursor
of therdesired lactonic acid In order to facilitate iso-
latiOn of the organic intermediate from the aqueous layer
in the work-up stage of ‘the Lemieux-von Rudloff oxidation o B

alcohol 25 was transformed to its benzoate 26

: When>26 was treated with an aqueous tert-butyl . ‘\
alcoholrsolution of sodium meta periodate containing a cata-';, "}i hf

f' lyric smount of permanganate,9 the double bond was oxidized

. : I RN
- o0 T B
g

.ggge:e




and benzoyloxy diearboxylie acid 27 was obtained in 92%
vyield as avﬁhite; crysfalline solid. The la-nmr and infra-

red spectra were in accord with the proposed ‘structure 27.

S8 .
. cy
, \,"4 E /aCH3 Y
L HO” T
) + _ ~EHCHOCH2OCHy
T 26 - |
HO OCCeHs
o oawg
o ‘v o —2—7
B > ) v
s j
) , SR 7
/ (OcHg CH2C§'!20CHQOCH3

. 'WA”‘_ 28
‘Treatmqgt of 27 with aqueous 1. 8 N potassium hydroxide sol-
'7ution followed by acidification to pH=3, gave compound 28
;lHowever epimerization apparently took place during the

R R

\: hydrolysis and the resulting product was contaminated'wfth

‘ethe c- 4 epimer This was deduced from ‘the- decrease in intenw:‘
isity and slight broadening of the methoxy signal at c-a-x.Apfﬁ-;,j

.»‘.attempt to hydrolyze the’ eszer group With methamnc s°di“m e

"’methoxide also failed. starting material being recpvered

83.

.*_Q,Again, the signal at.53 5.was broadened “A’ff:f‘ﬁ.ﬂfofp;ffﬁﬁ




~ |

Attention(wasunow tur;ed to silyl ether 24 which

‘ ould be obtained from alcohol 25 in hope that oxidation,

followed by acidification would give ‘the desired lactonic*
;kacid directly Indeed when silyl ether 24 was subjected |
:vto ‘the oxidation- reaction and acidified to- pH=3 using .
r'bromocresol green 1ndfcator, 1actonic acid 28 was obtained
,free from its C- 4 epimer The yield of the white crystal-
iline cqmpound was approximately S0%- after purification by
column chromatography, followed by recrystallization from .
an- ether—pentane mixture. Also isolated‘was a slower mov-
ing g;action containing a compound thought to be 116 -1t ’
 was. noted that if the pH was allowed to become lower than )

’-ca 2. 5 almost no lactonic acid could be{isolated and di—

facid 116 ‘was the mAJor product Thesstructure of 28 waSJv

e

i
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confifﬁed by-]

H~NMR, ﬁass spectrum and elemental analysis.
Furthermore, irradiation of the double doublet of 64.58 (H-5)
caused Epe doublet-at ¢ 3.96 (H-4) to collapse to a singlet.
Treatment of lactonic acid 28 with ethereal diazomathane

gave me;hy] ester 29. Similaxrly. irradiation of the signal
at &4 .49 of 29‘Panﬁed the coellapee of the douhlet at &1 03

tee na nmingleot
i

O
R
P
oo
20 - KINAR o \‘/ \{/
(V'H :

CHA Ho OO,

29

Tn thie way, we have ohtained the ey intermedint:
¥

analogene to the Njerase Frelopg lactonic acid, necesaary

for the syrtherje of the right hand side of leuconolide /\?

p¥)
n

“ell as the aplveone of carhomyein "t would geem that
one pocecibhle Ponnv:a'l route aprlicabhle to the ryntheaqe ~f
covernl mayolide antibhitica {a throneh thia type of lae
tonie acid inteymodiate Vor dinatance, during the evnrthecin
o f methyrvein, the T'oD lactoniec acid 11—7 wae cnnverted ro
the acid echloride 118 wvith oxalvl ehleride and fﬁnr!h()v rear
Pod with " v T e Y bl e et oa 170 e fer e s i

47I\v\w\;v|(~



e
' /}CFb
L o ¢
- U
' -
A .
: “H l
3 CHy
& /,7
117 ! 118
( o
1 /‘/
4
L
O
ﬂ,l|_\_ i
o T
0oL
@ Y
A
-
M CHa
119

Thie appreach wag adopfof* for the precent eyntheecin

however | when loctanic acid 28 wae treated with axcecc

exalyl chloride in benzene, followed by additrion of 2-methy!]

T o ane vL‘,;\' the dJeaiy ~d thiol oater 30 a0 nat ahtained

86.
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Tnstead,

136.5 and the |
These f

were abesent |

Hovever |

method wae 0%\71’01,19137 necessary -

An elegant procedure wae veported by

10N
orea .

The Tactonie
phoephorie
rhorochlor idare
with thallium (T)

after purification by

this structure was not fully confirmed.

colign ehroma tographv .

to prepare thie

A !
OCH3  EhyCHoc
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the recovered product had a molecular weight of
H-NMR sipgnals for the methoxy methyl signals

acts led to the proposed structure 30a.

A milder

thiol e%ter.

Masamime and co-work-

anhvdride (formed hv reaction with diethylphos-
and triethylamine) to the thiol ester 30

“emethylpropane-2-thiolate in7207 yield
Yokt

UInfartimately,

87.

acid 28 was converted via the carboxylien
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compsund 30 was shown to be stable to ring opening. Treat-
ment of 30 in tert-butyl aleohol with a dilute aqueous pot-
assium solution, for 10 hours at 600, followed by trapping
of the dry (in vacuoj potassiunm salt with Egzg—bupyigzagphyl—
silylchloride, gave 121 in low (20%) yield, along ﬁithjerbv—

ered starting material (507). 1t is, therefore, necessary

to make further improvements in this conversion.

9

O

. Hy
(CH3)3C§

.~CH3

_-CHCH)OCHIOCH,

30 e

Rather than attempting to modify the conditions
of the conversion, attention was turned to another possible
route. This involved the conversion of the deprotected pri- .
mary alcohol 54 to the aldehyde, followed by ring opening of
the 6-membered lactone and cyclization to a S5-membered hemi-
aceral. Tn order to cleave the methoxy methyl blocking
group, it wasg necessary to protect the acid. Direct treat-

ment of Tactenic acid 28 wirth trimethylsilylbromide did



effect deprotection, “however, the préduct &as difficult to
isolate and tended to decompose under the reaction condi-
tlons Protectlon of the acid- as its methyl ester, ‘~pemed
to be impractical due to the harsh condltlonq necessary‘to
hydrolyze the ester at a later stage. Instead, the phenacyl
ester was prepared accordlng to the procedure reported by
Hendrlkson 103 This ester group is easily removed under
mild condltlons by tréatment with zinc 1n acetic acid.
Reéaction of lactoniciacid 28 with p-bromophenacyl bromide
gave,p—broméphenacyl ester 31 in 957 yield. Cleavage of \
the methoxy methyl group was accomplished by reaction with
trimethylbromosilane in carbon tetrachloride, followed by
quenching with methanol The re;ulring alcqhol 32 was
obtained in 867% yleld Oxidation of 32 with pyridinium .
chlorochromate, as reported by Corey,)104 gave aldehyde 33
in 907% yield. Just prior to cleavage of the p-bromophenacyl
ester, it was thought to be advantageous to protect the
aldehyde as the dimethyl acetal. However, treatmentdof
aldehyde 33 with methyl orthoformate containing a catalytic
amount of trifluorocacetic ac1d‘d{d not give the desired
acetal, but instead gave products 34 and 35. The lH—NMR
spectra of methyl esters 34 and 35 were similar to that of‘
.esters 36 and 37 from natural leuconolide. This acid-
catalyzed lactone ring opening, followed by lactol ether
formation, was an interesting result and will be referred

te again later in this chapter.
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In order to Overcome the problems encountered in
pProtecting the acid functionality, it was decided to proceed

directly with the chain extension prior to ring opening.

Recently, a mild and efficient é-alkylation via
the Mg salt 40 waslreported129 which had the added advantage
that it proceeded undér virtually neutral conditions. The
magnesiﬁm salt 40 was Prepared by reaction of Egzg—bugyl—
thiolate 38 with lithiuﬁ diisopropylamine, followed by add}g
tion of carbon dioxide. nSubSGAuent acidification gave mal;
onic acid thiol half ester 39 which, upon Treaction yith

magnesium ethoxide, gave the white solid magnesium reagent

40.

The lactonic acid gg was activated for condensation with 40

by conversion to the acid imidazolide 41 with carbonyldi-

imidazole. The imidazolide was not isolated, but was dir-

-« -
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ectly treated with the neutral magnesium salt 40 téﬁgive
B-ketothiol ester 42 in excellent (94%) yield as a white
solid. This solid keto form slowly equilibrated with its

enol form 43 when left in the NMR tube in ChCl, over night.

L4

41 .
.
_-CH
0 O ’
| o)
€ra)sCs ,
1
OcHy CHyCHROCH)OCH;,
42

OCHy ! |
CHCH0CH,OCH,

43



The ratio of 42:43 was approximately 3:1, as estimated by
1

H-NMR spectroscopy. This very important intermediate 42
contains the necessary Cl—C9 carbons for the desired right
hand side, Attsmptéd lactone ring opening with potassiu@
hydroxide and trépping, using imidazole and £g££—butyldi—.

{

methylsilyl chloride in dimethylfornamide, -did not yield

106 | i

the desired compound 42a. This was a particularly dis-
‘couraging result since it is necessary to liberate the C-9

carbon as an acid for further extension at this site.
LY

_.CHj

(CH4),ACH3), Si0

o
- ’CHQCHQOCHQOCH:;

“osi @H3)2c@H3)3

& OCHjy

42a

Attention was next focussed on the removal of Phe

methoxy methyl protection.” Before any further reactions

~were carried out, it was hecessaryv to prepare and test a

suitable model compound: Therefore, reaction of isobutyric
acid with carbonvldiimidazole gave the corresvonding imida-
zolide which, upon reaction with magnesium salt 40, gave

£ -ketothiol ester 45 in equilibrium with its enol form ég.lOl

94,



Attempts to reduce the keto function by ﬁydrogenatlon (5%
Pt- C) in ethanol did not give the desired alcohol 47, but
rather the ethyl ester 48 (20%) along with recovered start-
ing material. Compound 47 could, however, be obtained in
quantitative yield fron reduction of 45 with methanolic
sodium borohydride at -20° C. The desired model compound
49 was ﬁ}nally available by reaction with acetic anhydride
in pyridine in 70% vield,
T8 O
||

C\S 7/ \/COCHQCH:;
e N

nid . 48

—

95.
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N There follows a summary of the model studies which
were reformed on the B-ketothiol ester System.. Treatment of
B-acetoxythiol ester 49 in tert-butyl alcohol with aqueous

0.2 N potassium hydroxide at (° for three hours gave exclu-

~. [

o N . )
~give eiﬁminatioﬁloe to 50. It was also found that treatment
pfﬂéﬁywith imidazole in dimethylformamide gave 50% elimina-

tion to 20 along with dimerization after 24 hours at 60°

i
— N

15

50

These two results were €ncouraging and attention
now returned to thé macrolide system. The B -ketothiol ester
42 was reduced by Professor Yamamoto of this laboratory and
compound 51 was obtained in 609 overall yield. The details

of this procedure appear in his research report.106 Subsge-
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quent treatment Qf alcohol %1 wiggga 2:1 mixture of pyridine

and acetic anhydride gave tJ; E-dcetoxythiol ester 52 in 65%.

yiekd, along withveliminatiQn product 53 in 33% yield after

separation. The decoupling;QXperiments'on compound 52 are

-~

summarized in Table 5.

(‘

o)
) 0CH3CO
(CH3)4Cs I '
CHy !
7 CHyCHYOCHOCHS
, 32
/

1 t
OCH3 CHyCHyOCH,OCH,
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Table 5: “H-NMR
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Proton Irradiation (H) Observed Change

24
?“t(ug) HS. A
H ht
Ja'
i
}{79' Ad
} d
{]h bt
3] A
1 76
” o Mo D «
"4
by Hy o b
ki i
‘ (!H”H\ oo qu d
2 '
141
]1] Ta

Decoupling Experimen ts

for 52

J (Hz)

Jd~1v0
T -12 0
+
- 8 T -4
]d 12 a
T =14 0. S
A t
1 ]/lm 'v
Al ('
B
R T T
t
1 Voo v
1 R

a A

] -0

d

1T -14 0 1 .¢

q 4
1



/ 99 .
Successful cleavage of the methoxy methyl protect-

J ing gronp of 52 was accomplished by use of trimethylsily]

bromide to give alcohol 54 in 627 yield. The decoupling

experimenta for 5/.4_ are csammAarioc A 9in Tahle 6

52
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b
Table 6: IH—N_T;IILRG coupling Experiments for 54

Proton Irvadiation (H) . Observed Change J_(Hz)
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2,260, He o d S
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The alcohol 54 was then oxidized with pyriainium
dichromatelo8 to the corresponding aldehyde 55 in 65% yield
after purification. This aldehyde was unstable at room tem-
perature for long periods of time aéd slowly re-arranged to
the hemiacetal mixture 56 and 57. Treatment of aldehyde 55
with a 1:1 mixture of acetonitrile and water containing 1.57
trifluoroacptic acid for 1.5 hours, gave crude hemiacetal

-
mixture 56 and 57 in 70% yield. The crude hemiacetal mix-
ture was directly treated with methyl orthoformate and

- - . . 3 3
trifluoreoacetic aed in methanal to give ANY of 58 and 59.

4

|
OCH, + I
5! 3 CHy(H
/
/
0 /

! O

H - » |
HAq ~L CH
”(\ I ’{O/ T ?

R N\

e . ;
H3C O Hv_ Sl Haco H I OHN
T | .O | \f/ \\O
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56 + 57
\
HO
OCH; --OCH
] H3CO._ 3




The series of reactions 51 to 58 and 59 have been examined
only in preliminary form and the vields have ﬁot been opti-

mized.

Up to 'this point, there was no strong evidence
that the'asymetric carbons had the correct configuration.
That the steréochemistry is indeed correct is based on the
fact that compounds 58 and 59 closely resembled compound
60 in pattern and coupling when compared by lH—NMR spec-

troscopy. The source of 60 was degradation of natural
86

leuconolide A5.

OCH3 OH

Leucomycin AS

103.



Another interesting point emerged from the degrad-
ation studies. When 60 was treated with difluoroacetic acid
or acetic acid,106 compound 61 was obtained in 70% yield,
along with aldehyde 62 in 107% yield. The 1H—NMR'spec—
trum of 55 (obtained earlier) closely resembled that of

aldehyde 62. The chemical shifts for 52 are shown in Table
7.

With the successful isolation of 58 and 59, the
synthesis of the Cl—C9 unit was complete. The centers ap-

- peared to have the correct stereochemistry.

Model studies were next carri?d out to determine
the feasibility of Preparing a phosphorane from 60. Imida-
zolide 63 was prepared by reaction of 2-ethylhexanoic acid
and carbonyldiimidazole in quantitative yield. Treatment
of 63 with salt free triphenylmethylene phosphorane110

gave phosphorahe,éﬁlll in 90% yield.

AN

VAN
- A\
—
o) o  PCsHs),
63 64

This procedure was applied to 60 (from natural leuconolide).

Therefore, 60 was converted to 65 and then to 66. 1t appears

104.
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Table 7: Chemical Shifts for 62 %

Lo mm (cpci3): 1.24 (d, J;=7.0, 3H), 2.08 (s, 3W),
2.6 (m, 6H), 2.80 (dd, J4=16.0, J .=
6.5, 1), 2.86 (dd, J4=16.0, J =45,
1D, 3.53 (s, 3W), 3.65 (dd, J=5.0,

Jg71.5, 1D, 3.70 (s, 3W), 4.30 (dd,

J4=10, J4=1.5, 1H), 5.55 (m, 1R),

d
9.80 (bs, 1H).

* J (Hz)
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that if this route could be successfully applied to thiol
esters 58 and 29, subsequent coupling with the left-hand

side would very 1ike1y be possible. Unfortunately, there
was not enough of these two esters available at this time

to test this route.

OCH3
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C) SYNTHE§£§~9§‘THE OPTICALLY PURE Cll—C15 SEGMENT 4 '

P2

In this section, the synthesis of the optically
active left-hand segment is discussed. Although ¢ -hydroxv-
butyric acid is commercially available, it was found to be -
insufficiently pure for our purposes, therefore, the follow-
ing procedure was adopted. Ethyl acetoacetate 67 was reduced
with methanolic sodium borohyvdride fo compound 68 in 65% i
yield. Saponification of hydroxyester-§§_with aqueous 4 ﬁ'
sodium hydroxide gave Rghydroxybutyric acid 69 in 75% yield.

.

/

/(COQCQHS /COQCzHS OQH
}3 H OH

RS

67 ' 68 : 69

This acid was sufficiently pure for subsequent
transformations. Resolution of 69 was accomplishéd by re-
action with quinine in acetone. The yield of the precipi-
tated D(-)-salt was 28% based on the dl acid.,lOQ Suspension
of the D(—)—quininc salt in water, followed by acidification
gave 697 of D(-)-8-hydroxybutyric acid 70 (based on the
quinine salt) after continuous extraction with ether for
12 hours. The opﬁicaily pure acid 70 was converted to its

methyl ester 71 with diazomethane and the alcohol moiety
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was protected as its tetrahvdropyranyl ether 72. Reduction
of 72 with lithium aluminum hydride gave alcohol 73 in 78%
yield. Subsequent oxidation with pyridinium dlchromate gave
-88% of 3BJ(2—tetrahydropyrényl)oxybutanal 74. The aldehvde
74 was then reacted with phosphorane 75 to give =, f unsatur-
ated aldehyde 76 in 50% yield. Model compound 78 was pre-
pared by reaction of aldeh?de 76 with phosphorane 88. The
THP protecting group of this compound was easilv removed

by treatment with a 9:1 mixture of acetonitrile and methanol
containing 1% trifluoroacetic acid, to give compound 79.

1

Subjecting aldehyde 76 to the same condltlons gave compound

77. Aldehyde 77 Tepresents the correct optmcal]y active

C]14C15 segmepg.

70 R 71
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CHO
74+ (C6H5)3P =—=CHCHO -

~

76
o -
(CoHs)qp :CHCCH/
S '
~
{/CHO
.
CH:}// H OH
77
78 ‘ - \
\\..\__\\ \
CHy " A o #
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With cbmpound 76 iﬁ hand, it was of interest to
try an initial experiment. When phosphorane 66 was reacted
with three equivalents of aldehyde 76 in toluene at 95° for
36 hours, compound 80 was obtained in 207 vield along with
starting material after purification by column chromatography.
This experiment was performed on 2 mg of 66 and’furthor stud-

ies will certainly he neceacary to increase the vioald of g0.

Hoa,

664 376 L, ,,m,, . I S,
K
Q)

e

AN ‘

Hc OTHP ncen,
I
(@)

CHAY

80

Thus, this synthetic route to the macrolide seems
feasible and much of the groundwvork for the total svnthesis
of the aglycone has been laid down. The €1 Cq unit has been

successfully synthegized vith the correcr stereochemistry .
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Formation of the Uittig reagent 81 via the imida-
zolide 82, the acid chloride 83 OTr an equivalent, énd sub-
‘sequent condensation with already synthesized aldehyde 76,
would very likely lead to corpound 84.  As shown with model
studies on /8, cleavage of rhe THP ether protecting group
should be facile, leading to the seco-acid 85. The opti
cally active Jefr hand side vionlg presumahly re§o1we the
vight-hand side and cvbgequent cyelimat{ion w%rh a eaft+"
thiopﬁi1io metal ion snuch ae mereurv., by Masamime's ryoee
dnrp,8n would give the d9Q170d aglveone 86 (which is the
aglycon@ of carbomycin B)Y. The reduction af the C 9 car
bonyl has already heen reporfOH_qO thue, ryeduction vith

methanolic sodium borochydride gave a /fi-1 migture nf natural-

and epi-leucomyein A3 vhich crnld be serarnated to pive rhe

~,
Aaglycone of lTevcomyein A} 87 Reaction af carbhormvein n B6
with m-chloroperbonzoic aeid mav pite carbomvein A 89. am

. - 7 . .
that woul d Temain Ja the [t Achront of the Aicarchay {de
mit. which e the eavie foy o Thowvein and Teve meein.
F'O]’r”"gf'f’]y thia hoae Al ymn,d. Voo —),n(»ml-7v'q]\¢ A VRN “rary b
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81 + 76 o .. rOCH3
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CHAPTER 5: EXPERIMENTAL

All boiling points and melting points are

uncorrected.

The lH ner and 13C nmr spectra were measured
with Varian Associates A-60 and/or HA-100 spectrometers T
and a Bruker HFX-10, WP 200 and/or WP 400 spectrometer
respectively. Tetramethylsilane was used as an internal
standard unless otherwise specified. All coupling
constants are reported in Hz. In reporting 1H nmr

spectral data, the following abbreviations are used:

s; singlet
d; doublet
t; triplet ’
q; quartet
quin; quintet
sept; septet
m; multiplet
b; - broad
c; complex (one or more small

couplings which
overlap the main

splitting)

The ir spectra were measured with a Perkin-
Elmer Model" 257 infrared Spectrometer. 1In reporting ir

spectral absorptions, the following abbreviations are used:

115.



116.

8; strong -
m; medium

\ weak

b; broad

The mass spectra were measured with an A.E.T.

MS-9 and MS-12 spectrometer.

The glpc analyses were performed on a Hewlett-
Packard Model 7620 research Chromatograph equipped with
1.8 m x 0.3 cm columns (packing reported in 'the text) and

a flame ionization detector.

All reactions were carried out under a dry argon
atmosphere. A rotary egaporator (water aspirator) was
used for the removal of solvents from all reaction mixtures

unless otherwise specified.



Bisfumaronitrile Nickel (0)

The reaction was carried out in a fume hood due
to the toxicity of the nickel (0) tetracarbonyl. The

procedure followed was that reported by Schrauzer.87

Nickel (0) tetracarbonyl (ca. 5 ml, 38 mM) was
added to a solution of fumaronitrile (2.0 g, 25 mM) in
anhydrous acetone (30 ml). The orange-red mixture was
refluxed (dry ice condenser) for 6 .hours after which the,
reaction mixture was stirred at roomutemperature for 18
hours,}n order to allow the excess nickel(0) tetracarbonyl
to evaporate. The red-brown pyrophoric complex was
collected by filtration (in an argon-filled glove bag)

through Celite to give 5.4 g (98%) of product which was

117.

used directly in the subsequent dimerization of norbornadiene.
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Pentacyclo[8.2.1.1.4’70.2’90.3’8]tetradecanes (1-3)

Caution! The procedure that follows is a
slightly modified versién of that reported by Schr&uzer
and co—worker588 who carried out this reaction in a
sealed tube. For large scale reactions, we do not
recommend this method unless the reaction vessel is
placed inside a heavy-walled steel apparatus. The
reaction mixture exploded several times, resulting in
extensive damage to the fume hood, even though the

surroundings were protected from the reaction mixture

by a safety shield, during the initial experiments.

A mixture of bicyclol[2.2.1lnona-2,5-diene
(375 g, 4.1'M), bisfumaronitrile nickel(0) (10.5 g,
50 mM), and triphenyl phosphine (42 g, 160 mM) was added
to an argon-purged pressure bottle (ca. 1 L capacity,
5 mm thick walls). VThe bottle was cbqled to 0° and
sealed. The bottle was then placed inside a stainless
steel hydrogenation apparatus and the reaction heated
to 100°. After 48 hours the reaction was cooled to
room temperature and the hydrogenation apparatus opened
(Note 1). The pressu%e bottle was cooled in an ice
bath, opened, and pentane (400 ml) added to the flask.
After shaking, filtering through Celite, and washing
the filter pad with pentane (2 x 250 ml), the combined
filtrate was concentrated to yield 350 g of dark brown

oil. Distillation of the residue gave 285 g (76%) of
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a colorless mixture of dimers (bp 600, 0.3 mm) consisting

mostly (ca. 80%) of the endo-anti~exo isomer 2 as

estimated by glpc.

The dimeric mixture was formerly available

through Aldrich Chemical Company Inc. The 1H nmr spectra

of the commercial product and our synthetic dimer are

identical.

bp:

ir (CCIA):

lH nmr (CDC1l

3)

Mass Spectrum:

glpc:

PHYSICAL DATA FOR 2

60°, 0.3 mm

3060 (s), 2960 (s), 1645 (w),
1460 (m), 710 (s)

0.90-1.52 (m, 4H), 1.53-2.12 (m, 4H),
2.48-2.92 (m, 4H), 5.84-6.44 (m, 4H)

184.1252

. m
caled for C14Hl6' ~/e

measured: T/e = 184.1255

Reoplex, 140°

NOTE 1

Even inside the steel apparatus, half of the

time the glass vessel exploded,- therefore a

safer method for the dimerization is reported.
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Dimerization of Norbornadiene

This procedure is much safer and provides
satisfactory results using an open system. To a
magnetically stirred solution of norbornadiene (500 g,
5.45 M) in dry benzene (2 L) fitted with a cqndenser
_was added nickel carbonyl (165 mln 215 g, 1.25 M) over
30 minutes. The mixture was heated at 65° for 24 hours
and an addit;onal 55 ml of nickel carbonyl was added
quickly in one portion. The temperature was raised to
70° and heating continued for an additional 24 hours.
The condenser was removed and the apparatus set up for
distillation at atmospheric pressure. In this manner,
the solution volume was reduced to ca. 600 ml. On
occasion, the mixture turned black and deposited a
nickel mirror on the walls of the flask. To the residue
was added hexane (1600 ml) and the mixture stirred at
room temperature for 2 hours. The dark mixture was
filtered through Celite to give a yellow solution which
was washed with équeous 3 N nitric acid (250 ml), aqueous
5% sodium hydroxide (250 ml), and -aqueous saturated
sodium chloride (250 ml). Drying (MgSOa) and evaporation
of solvent gave a yeliow 0il which upon distillation
(65-70°, 0.4 mm) afforded 350 g (70%) of the dimeric

mixture (mainly endo-anti-exo as estimated by glpc).

The lH nmr’ of this dimer was identical with

the one obtained by the preceding procedure.

[



Bicyclo[4.2.1]non§—2,4,7-trien% (4)

A brief account of this Preparation has been

reported by Cannell.gO

The p&rolysis of the norbornadiene dimers was
carried out using a flow system. The cracking column was
a pyrex tube (2.5 x 35 cm) with a single row of Vigreux
indentations at the base. A few millimeters of glass
helices were added to the column to support the glass
beads that were then added to the column. ' The column was
placed vertically into a Lindberg Hevi-Duty pyrolysis
oven. A flow of 40 ml per minute of érgon was maintained
and the oven heated to 360° (Note 1) . The dimefic
norbornadiene mixture Kconsisting mostly of the endo-
anti-exo isomer 2) was'introduced by means of a Hershberg
dropbing funnel at a constant rate (one drop every 12-15
seconds) into an argon stream at the top of the pyrolysis
column and passed downwards through the pyrolysis column
into a three-necked receiving flask cooled at -35°. The
pyrolysate was transferred to a round-bottom flask and
concentrated (200, 10 mm) to remove cyclopentadiene. The
remaining oil was fractionally distilled through a 30 cm
Vigreux column to give triene 4 (bp 50-52°, 15 mm) as a

nearly colorless o0il in 75% yield.
PHYSICAL DATA FOR 4

bp : : 50-52°, 15 mm

121,
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ir (CHCL,): 2940 (s)¥ 1720 (bm), 1680 (m),
1450 (w)

Y nmr (CDCLy): 6 1.30 (d, J,=11.5, 1H), 1.95 (dt,
J4=11.5, J =6, 1H), 3.08 (bt, 2u),
5.44-5.72 (m, 2H), 5.76-6.28 (m, 4H)

Mass Spectrum: caled for CQHIO: I—n—/g_ = 118.0782
measured: I-I—l/sz_ = 118.0775
glpc: Reoplex, 110°
NOTE 1

The product distribution is a function of
both temperature and contact time therefore
early fractions should be analyzed by 1H nmr
spectroscopy to find optimum conditions.
Over-pyrolysis results in aromatic products

(87.75); under-pyrolysis in tricyclic diene 6

(82.4) .
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(i)—exo—Bicyclo[4.2.1]nona—2,4—dien—7—ol (7)

The procedure described by Hooz91 was followed

for the preparation of bis(3—methyl—2-butyl) borane.

A solution of 2-methyl-2-butene (70 g, 1.0 M)‘
in anhydrous tetraﬁydrofuran (100 ml) was added dropwise
over 30 minutes to a cold (53), stirred solutiop of
diborane (0.95 M, 540 ml, 500 mM) in tetrahydrofuran.

The solution of dialkylborane was stirred for 3 hours =
at 5° and then added dropwise over 35-45 minutes to a

cold (O—SO), stirred solution of bieyclol4.2.1]lnona-
2,4,7-triene 4 (55 g, 466 mM) in anhydrous tetrahydro-
furan (150 ml) . After the addition was complete, the
mixture was stirred at 5° for 2 hours, and then at room
temperature for 18 hours. The reaction mixtuye was

then cooled to 5° and hydrolyzed by first adding aqueous

3 N sodium hydroxidéAsolution (175 ml, 525 mM) in several
portions and then aqueous 30% hydrogen peroxide (160 m],
1.5 M). Since the reaction was exothermic, care was

taken to add the hydrogen peroxide at such a rate that

the temperature of the reaction mixture remained between
30° and 40°. The resulting cloudy mixture was vigorously
stirred for 2 hours at room temperature and then ext;acted
with ether (3 x 350 ml). The combined ether ‘extract was
washed with.water (350 ml) and aqueous saturated sodium

chloride (350 ml), dried (Na2504), and the solvent
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evaporated. The residue was distilled at atmospheric
pressure to remove the 3-methyl-2-butanol (bp 110-115°,
760 mm) and the remaining oil was fractionally distilled
to give 47.6 g (75%) of Z\as a low melting crystalline

solid (bp 64-70°, 0.2 mm).
PHYSICAL DATA FOR Z

ir (cCl,): 3610 (m), 3320 (bm), 3020 (m),
1600 (w), 1030 (s)

"W onmr (CDCLy): 6 1.52-2.62 (m, SH), 2.74 (m, 1H),

3.80 (bs, 1H), 4.25 (m, 1H),
5.48-6.24 (m, 4H)

Mass Spectrum: calced for C9H120: E/g = 136.0888

measured: 9/9 = 136 .0886

Elemental
Analysis: caled for CoH,,0: C 79.37. H R.88,

912"
0 11.75
found: C 79.59, H 8 .41,

0 11.96

glpc: , Reoplex, 170°
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Aluminum tri-tert-butoxide

The procedure reported in Organic antheses92
was followed. The tert-butyl alcohol was distilled from

calcium oxide .

Mercury(IT) chloride (ca. 1 g) was added with
vigorous shaking to a gently refluxing mixture of aluminum
foil (128 g, 4.74 g-atoms) which had been crumpled into
small, loose spheres , tert-buryl alcohol (400 g, 510 ml,
5.4 M) and alumipum triicopropoxide (10 g). The reaction
mixture turned ;hite, and then black over 1-2 hours, after
which time the heat source was removed and Eg;g-bptyl
alcohol (488 g, 620 ml, 6.6 M) and anhydrous benzene
(400 ml) were added. The reaction subsided at this reoint
but was reactivated again with gentle heating. The
mixture continued teo reflux without external heating
for ca. 2 hours and then was heated at reflux for 18 hours
The benzene and excess tert-butyl alcohol were rembved
by distillation and anhydrous ether (ca. 2000 ml) was
added. The mixture was briefly refluxed to dissolve the
product | and after the solution had conled to room
femperature, wet ether (75 m1) was added, followed by
vigorous shaking. The mixture was allowed to stand for
? hours and was then centrifuged. After decanting the
supernatant ether, the Tes{dua] solvent was evaporated
and the product was finely ground, and then. dried for
5 hours under reduced pressure (0.0l mm) to give 780 g

(R07Y of a light grey powder.



(i)—Bicyclo[4.2.1]nona—2,4—diene—7—one (8)

~

Oppenauer Oxidation

Commercial 987 4-benzoquinone was used without
further purification. The quinone must be bright yellow
in color. If it appears slightly greenish, it musthe
recrystallized from hexane or sublimed prior to use. The

Q
prorcedure followed was that outlined by Wiberg et al 3

4 e .
"1 Rly and Bly9 with some modifications.

Finely powdered aluminum tri-tert-butoxide
(150 g, 610 mM) was added to a solution of exg-é1onho1
7 (75 g, 550 mM) and 4-benzoquinone (765 g, 2.45 M) in
anhydrous ether (3.2 L). When heated to reflux, the
solution imﬁgdiately became purple and a precipitate
formed. After ;éfluxing for 24 hours, the mixture was
coeled to room temperature and slowly hydrelvzed with
cold aqueous 3 N hyd%ochloric acid (500 m]). The ether
layer was decanted, and the aqueous phase was extracted
with a further 750 ml of ether. The combined ether
laver was washed with aqueous 3 N hydrochloric »ecid
(4 x 250 m1), agueous 1 N sodium hydroxide (6 » 250 m1
or until the ether layver was almgét coloxrlese) . and
aqueous saturated sodium chloride (2 x 250 m]l). The
ether was evaporated. and the residue was diesolved in

dichloromethane (500 ml) and dried (NaZSOa)A Fvaporatiaon

of the solvent at 59 and short-path distillation of

126 .
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the remaining yellow oil gave 55.3 g (75%) of the
desired ketone 8 (bp 500, 0.4 mm). A more efficient

procedure for this oxidation follows.

The procedure utilizes the method reported

by Omura and Swern.95

To a mechanically stirred solution of dimethyl-

sulfoxide (distilled from calcium hydride) (56 ml, 0.8 M)
in dry dichloromethane (400 ml) cooled to ~650, was
adde% dropwise a solution of trifluroacetic anhydride

(84 ﬁl, 0.6 M) in dichloromethane (200 ml) over a period
of EQ;‘QO minutes, keebing the temperature below -65°.
. The mixtﬁro was stirred at this temperature for 15 minutes‘
\?nd then a sclution of exo alcohol 7 (54 g, 0.4 M) in
d%chloromethane (200 ml) was added dropwise over ca.

30 Qnutes, again maintaining the temperature below -65°.
Stirripg was continued for 30 minutes, and then friethylv
amine (160 ml) was added while maintaining the temperature
below -65° until completion of addition, and then the
cocling bath was removed and the mixture allowed to warm
to room temperature. The dichloromethane was evaporated,
the solution diluted with hewane (600 ml), and the

hexane laver was washed with aqueous 1 N sulphuric acid
(300 ml). The aqueous layer was then back extracted with
hexane (100 ml) and the combined organic layers were
washed with aqueous 1 N sulphuric acid (150 ml), aqueous"

5% sodium hydroxide (2 x 150 ml) , adueous saturated



sodium chloride (150 ml), dried (NaZSOA)’ and the
solvent evaporated. Short-path distillation of the
residue gave 50 g (94%) of the desired ketone 8 as

a colorless oil.
PHYSICAL DATA FOR §
ir (CC}A): 3044 (m), 1750 (s), 1595 (m)

Y nmr (CDCL): & 1.84 (dd, J4=12.5, J=1.6 1H),
2.00-2.59 (m, 3H), 2.90 (m, 1H),

3.27 (m, 1H), 5.38-6.33 (m, 4H)
¢

Mass Spectrum: calced for C9HlOO: 9/3

. m
measured:" =/e

134.0732
134.0728

il

glpc: Reoplex, 170°

128.
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(i)-Bicyclo[4.2.1]nona—3—formyl—5,7—dien—2—one (9)

The procedure followed was similar to that
reported by Ainsworth.96 Ethyl formate was distilled

from phosphorous pentoxide.

A solution of ketone 8 (62.5 g, 465 mM) and
ethyl formate (60 ml, 54.5 g, 735 mM) in anhydrous ether
(100 ml) was added dropwise over 30 minutes to a cold
(50), stirred suspension of sodium hydride (50% dispersion
in mineral oil, 50 g, 1.04 M) and 98% ethanol (4 ml) in
anhydrous ether 1.2 1L). The reactioﬁ mixture was stirred
for 14 hours, then treated with a further portion of
987% ethanol (20 ml) and after an addltlonal 1 hour
stirring, water (400 ml) was added to the reaction
mixture. After a few minutes, two homogeneous layers
formed. The layers were separated and the ether layer
washed with water (3 x 250 ml). The combined aqueous
layer was washed with ether (3 x 250 ml), cooied to 5°
mixed with dichloromethane (600 ml), and finally
acidified to pH 1-2 with aqueous 3 N hydrochloric¢ acid.
The dichloromethane layer was separated and the aqueous
solution extracted with dichloromethane (3 x 400 ml).

‘The combined dichloromethane extracts were dried (Na,SO )

2
and the solvent evaporated to give 64.0 g (85%) of crude
9 as a'pink solid (mp 111-115°). This product was used

in the subsequent reaction without further purification.
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PHYSICAL DATA FOR 9

ir (CHC13): 3600-2500 (bm), 1673 (s), 1600 (s)

/J

4 nor (CDC13): 6 1.75 (4, J4=12, 1H), 2.14-2.68 (m, 1H),
3.45 (bt, 2H), 5.55-6.56 (m, 4H),
7.30 (s, 1H), 8.95 (bs, 1H)



cis-Cyclohepta—&,6-diene—l,3—didarboxylic acid (10)

The methodology for the oxidative cleavage of a
1,3-dicarbonyl system by means of the periodate oxidation
was reported by Cornforth, Cornforth and Popjack97 and was

followed with certain modifications.

A solution of sodium metaperiodaté”(lZl g, 568 mM)
in water (800 ml) was added rapidly to a cold (O—So),
stirred solutioﬁ of the crude hydroxymethylene ketone 9
(30.2 g, 186.mM) in dioxane (400 ml). After completion of
the additiéﬁ.of the periodate solution, the cold reaction
mixture was diluted with water (890 ml). Stirring and
cooling were maintained for 1 hour during which time aquéous
3 N sodium hydroxide (130 ml) was added dropwise to maintain
the pH of the reaction at 4.5-5.0. A white precipitate
formed during the 1 hour period, after which time the ice
bath was removed and the mixture stirred at foom temperature
for 4.5 houré. The mixture was filtered through Celité
and the filter pad was washed with diox&ne (2 x ZQO ml) .

The combined filtféte was concentrated to about 1 L on the
rotary evaporator while keeping the water bath at 35-40°.
The residue was acidified to PH 1-1.5 with aqueous 2 N
sulphuric acid, saturated with sodium chloride and extracted
with ether (5 x 500 ml). The ether layer was washed with
aqueous saturated barium carboﬁate (250 ml) to remove
residual sulphuric acid,-and then witﬁ aquedus saturated

sodium chloride (250 ml) . ‘The ether solution was dried

131.
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(MgSOa) and evaporated to give a brown solid which was
Suspended in dichloromethane (100 ml) and filtered to-
give 26.0 g (78%) of diacid 10 as a tan solid. A lH nﬁr
sSpectrum of the dimethyl ester of the diacid showed no
signals attributable to the ftrans isomer.

An analytical sample was recrystallized from ether-hexane.
PHYSICAL DATA FOR 10

mp : 286-289°, decomp

Y

ir (paraffin

0il): 3400-2100 (bs), 1680 (bs), 1280 (bs)
lH nmr
(acetone-d6) : § 1.78-2.48 (m, 2H), 3.02-3.38 (m, 2H),

5.34-5.66 (m, 4H), 9.12 (bs, 2H)
Elemental
Ana1y51§: calced for C9H1004: C 59.33, H 5.54,
0 35.13
found: C 59.39, H 5.62,.
0 35.01
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Diazomethane
—_— .

N-Methyl-N-nitrosourea (25.8 g, 250 mM) was
added in small portion to a gently stirred mixture of
ether (250 ml) andlaqueous 50% potassium hydroxide (87.5 g
in 87.5 ml of water) over 1.5 hours at 0-5°. The yeliow
ether layer was decanted onto potassium hydroxide pellets
and stored at -20° for at least 3 hours. The diazomethane
concentration (0.4-0.5 M) was determined prior to use by
reaction of an aliqubt of solution 'with excess benzoic
acid, followed by back titration of the remaining acid

with aqueous 0.1 N sodium hydroxide.
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~

- Dimethyl cis-Cyclohepta-4,6-diene-1,3-dicarboxylate (11)

Methanol was added dropwise to a suspension of
diacid 10 (100 mg, 0.55 mM) in ether (2 ml) until the acid
just dissolved. Treatment with excess ethereal diazomethane
and evaporation of solvent left an oil which was dissolved
in dichloromethane (27ml) and dried (MgSOa). Evaporation
of the solvent gave 114 mg (99%) of lligs a colorless oil.

A 1H nmr spectrum did not show any signals due to the

trans—diester.98

/
PHYSICAL DATA FOR 11

ir (CHC13): 1742 (s), 1438 (m)

"Honmr (CDC1,): s 2.28 (dt, J13.0, J.=12.0, 1H), 2.62
(dt, J;=13.0, J_=3.0, 1H), 3.48 (cd,

J=5, 2H), 3.70 (s, 6H), 5.72-6.08 (m, &4H)

glpc: UCW-98, 185°
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4-Methoxy—7-ox046—oxabicyclo-

[3.2.2]non—2—ene—9—carboxylic acid (12)

A solution of diacid 10 (3.0 g, 16.5 mM) and
m-chloroperbenzoic acid (3.36 g, 16.5 mM) iﬁ dry methanol
(60 ml) was stirred~for approximately 48 hours (until the
solution gave a negative test with starch-iodide paper),
and an additional 24 hours at reflux temperature. After
removal of solvent, the residue was cﬁromatographed on
silica gel (120 g) .using hexane as eluent and gradually
increasing to 3:1 hexane:ethyl acetate to give 1.63 g (47%)
of an oily residue. Although not totally pure, this acid
was sufficiently pure for the next step. The polar bj—product_

1 gm (347%) thought to be 13 was obtained as a white crystal-

line material.
-

PHYSICAL DATA FOR 12
mp : 101-102°

ir (CHC13): 3500-2500 (bs), 1755 (s), 1715 (s)

M onmr (CDC1,): 6 2.42 (m, 2H), 3.12-3.38 (m, 2H), 3.46
(s, 3H), 4.18 (m, 1H), 5.16 (m, lH),
5.85 (m, 2H), 10.50 (bs, 1H),

Mass Spectrum: (m/g intensity assignment)

212 (%, 27), 184 (MT-co, 100%)




Elemental
Analysis:

mp :
ir (CHCIB) :

1
H nmr
(acetone-ds6) :

8

caled for C10H1205:

found:

PHYSICAL DATA FOR 13

130-132°

3200 (bm), 1754 (s), 1701 (s)

0 37.70

€ 56.60, H 5.70.

C 56.32, H 5.75,

0 37.76

.

1.64-2.78 (m, 3H), 3.36 (td, J=6.5,

Jd=2.0, 1H), 4.01 (dd, Jd=l0.0, J

d

=2.0,

IH), 4.90 (ddt, J,=4.5, J4=2.0, J =2.0,

1H), 6.26-6.62 (m, 2H), 7.0 (bm, 2H)

&

136.



Methyl 4—Methoxy—7-oxo—6—oxabicyclo-

[3.2.2]non—Z—ene—9—carboxylate (l&)

Methanol was added to a suspension of acid 12

(21.2 mg, 0.1 mM) in ethef (0.5 ml) until the acid just

dissolved.

methane, the solvent was evaporated,

After treatment with excess ethereal diazo-

the oil di§solved in

dichloromethane (2 ml) and the solution dried (NastQ).

Evaporation of solvent gave 22.5 mg (100%) of 14 as a white

solid.

mp :
ir (CClA) :

1H'nmr (CDC1

Mass Spectrum:

Elemental
Analysis:

3)

PHYSICAL DATA FOR 14

108-109°

T

1772}(S%L }Z§7 (s)

5§ 2.42 (m, 21),

3.28 (m,

2H), 3.48

(s, 3H), 3.76 (s, 3H), 4.16 (m, 1H),

5.14 (m, 1H), 5.64-6.08 (m, 2H)

caled for C 0

11014

calcd for C,.H.,0

1171475

found:

5 N

measured :

8
~Z
o

It

226.0841
226.0838

E]
o~
o

I

C 58.40, H 6.24,
0 35.36
C 58.11, H 6.22,
0 34.98

137.
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.4-Methoxy—7-oxo—6-oxabicyclo[3.2.2]

non—2—ene—9—carboxylic acid chloride (15)

To the crude acid 12 (3.36 g, 15.9 mM) was added
dry benzene (100 ml) and oxalyl chloride (5 ml, 57.4 mM) .
The mixture was stirred over night and the solvent removed
to give 3.65 g (100%) of white solid. After confirmation
of-.the acid chloride formation by infrared analysis, the

-acid chloride was used directly in the next step.
PHYSICAL DATA FOR 15

‘mp: 51-54°

ir (CCla): 1780 (bs), 1740 (bs)

4 ame (CDCL3): 6 2.42 (m, M), 2.58 (m, 1H), 3.26 (m. 1H)
352 (s, 30, 3.72 (m, W), 4.20 (m. 1n),
5:16 (v, 1H). 5.78 (w, 1H), 5.95 (m, 1g)
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4—Methoxy—7—oxo;6—oxa—9—

(l—oxo—Z—diazoethyl)—bicyclo[3.2.2]noﬁ;2—ene (16)

The crude acid chloride 15 (3.65 g, 15.9 mM) was
dissolved in dry benzene (30 m1) and then added dropwise
to a stirred solution of diazomethane in ether (0.42 M,
85 ml, 35 mM) | Thé mixture was stirred at room temperature
for 14 hours and the solvent removed. The residue was
purified by column chromatography on silica gel (120 g)
using hexane as eluent and changing graduaily to i 1:1
mixture Qf hexane and ethyl acetate to give 3.35 g (90%)
of a brownish vellow solid. éuspending in ether and

filtering gave 1 05 & (827) of bright yellow crystals.

I
PHYSTCAL DATA FOR 16 ‘

mp - 108-109°

-3 TN

ir (CHC1.) - 2120 (<), 1760 (s), 1650 (&)

3)
"Wonmr (ODC1Y s 6 2 04 (aa Tg™¥0. 790, 2H), 3.1-3.36

’

(m,A?g), 3.48 (s, 3H), 4.16 (m, 1H)

4.96 (m, THY, 5.12 (e, TH), 5.66-6.08
(m, 2]) |
Mass Spectrum: caled for Cp H) N,0,: /?/g = 236.0797

founds T/e = 236.0795

13



Eleméntal
Analysis: calcd for C11H12N204: C 55.93,

0 27.09,
found: C 55.81,
0 27.56,

H 5.12,
N 11.86
H 5.16,
N 11.84

140,
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4~Methoxy—7—oxo—6—oxabicyclo—

[3.2.Z]non:E-ene—9—acetfb acid (17)

A solution of diazoketone 16 (200 mg, 0.845 mM)

in wet (10%) tetrahydrofuran (75 ml) was photolyzed under

argon with a 450 W medium pressure Hanovia lamp through

a pyrex filter for 3 hours. The solution was evaporated

to dryness and any remaining water removed by benzene

dzeotrope to give quantitative yield of the acid. Recrystal-

lization from ethyl acetate gave 182 mg (95%) of white

crystals.

mp :
ir (CHC13):

1H nmr (CDC1

Mass Spectrum:

Elemental
Analysis:

3):

PHYSICAL DATA FOR 17

P}

125-126°
3500-2800 (b), 1755 (s), 1715 (s)

1.42-3.22 (m, 6H), 3.43 (s, 3H), 4.12

§75. J472, 1H),

5.56-6.12 (m, 2H), 7.5 (bs, 1H)

(m, 1H), 4.51 (dd, Js=5, J

m
calced for C11H1405: —/g 226 .0841

measured: /e = 226.0846

calced for C C 58.40, H 6.24,

11871405
' 0.35.36
found: C 58.49, H 6.36,

0 35.45

1



< 142,

A—Methoxy—7-oxo—6-oxabicyclo—

[3.2.?]non—2—ene—9—acetic acid carboxylate (18)

/f ’

Methanol was added to a suspension of acid 17
Y i

-

(22.6 mg, 0.1 mM)'in ether (0.5 ml) until the acid just
dissolved. Afterit;eatment with excess ethereal diazo-
- methane, the solvent was evaporated, the oil dissolved in -
'dighloromethane (2 ml) and dried (Nazsoa). Evaporation

of solvent gave 23.9 mg (100%) of 18 as an oil.
PHYSICAL DATA FOR lﬁ
ir (CCla)’. 1770 (s), 1745 (s)

MH nmr (CDCL3): 6 1.42-2.96 (m, 6H), 3.44 (s, 3H), 3.72
\

(s, 3H), 4.12 (m, 1H), 4.52 (m, 1)
5.60-6.02 (m, 2H)
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4-Methoxy-7-o0x0-6-0xa-9-

(2—hydroxyethyl)bicyclo[3.2.2]non-2—ene (19)

To a solution of the acid 17 (2.26 g, 10 mM) in
dry tetrahydrofuran (120 m1) at 0° was added triethylamine
(1.6 ml1, 11.2 mM) and ethyl chloroformate (1.07 ml, 11.3 mM)
and the resulting mixture stirred at 0° for 30 miputes.
Sodium borohydride (1.58 g, 40 mM) and isopropanol (4 ml)
were then added and the mixture stirred for an additional
15 minutes. Water was added slowly until gas evolution
ceased, and then the mixture was warmed to room temperature.
The volume was increased to 250 ml with water and the
aqueous solution extracted with chloroform (3 x 200 ml).

The combined organic layers were washed with aqueous saturated
sodium chloride, dried (NaZSOA) and evaporated to give

2.1 g of 0il. This oil was kept on a vacuum pump for 48

hours to remove less volatile components to give 2.02 g

(907) of 19 as a colorless oil.

. PHYSICAL DATA FOR 19

ir (CHC13): 3480 (s), 1Z€O (s)

4 nmr (cpe1 6 1.48-3.22 (m, 7H), 3.44 (s, 3H), 3.68

3):
(t, J.=6.5, 2H), 4.10 (m, 1H), 4.52

(dd, J,=2, J =4,’T§77\§762-6.oo (m, 2H)

d d



Mass Spectrum:

glpc:

144,

(E/E intensity assignment)
212 (M, 4%), 184 (mt-co, 100%) |
166 (M*-co-nzo,"zoz)

UCW-98, 240°

<

N



4-Methoxy-7-0x0-6-0xa-9-

(3,5—dioxahexy1)—bicyclo[3.2.2]non—2-ene (20)

Some of the properties of the methoxymethyl

pProtecting group are reported in Chapter 3, Part II.

To a solution of alcohol 19 (1.8 g, 8.16 mM) in
dry dichloromethane (50 ml) was édded diisopropylethylamine
(1.43 ml, 8.22 mM) and then chloromethyl methyl ether
(0.625 ml, 8.22 mM) . The mixture was stirred for 12 hours,
transferred ;o @ separatory funnel and washed with di}ute
aqueous hydrochloric acid (pH=3, 2 x 50 ml), water (25 ml),
aqueous saturated sodium chloride, dried (Na2504) and the
solvent evaporated. Purification b§ column chromatography
over silica gel (40 g) using hexane as eluent and increasing
to a 1:1 mixture of hexane and ethyl acetate gave 1.98 ¢

(91%) of 20 as a colorless oil.
PHYSICAL DATA FOR gg

ir (CHCl,): 1750 (s)
. /
Y nor (CDCLy): 6 1.48-1.94 (m, 3H), 2.14-2.84 (m, 2u),

3.12 (m, 1H), 3.34 (s, 3H), 3.44 (s, 3H),
3.56 (t, J.=6, 2H), 4.10 (m, 1H), 4.48
(dd, J4=2, Jy=4, 1H), 4.58 (s, 2m),
5.62-6.00 (m, 2H)

145,
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(i)-3§-Methoxy—4§—hydroxy—SB—

\ .
(3,S-dioxahexyl)-7§—hydroxymethy1—cycloheptfl-ene (21)

A solution ofvlactonergg (1.9 g, 7.42 mM) in
dry tetrahydrofuran (50 ml) was added dropwise over 15
minutes to a suspension of 1ithium alumiﬁum hydride (0.646 g,
17.03 mM) in aﬁhydrous tetrahydrofuran (150 ml). The mixture
was stirred for 30 minutes and then aqueous saturated sodium
sulphate was added dropwise until the éxcess Hydride was
consumed. The mixture was filtered through Celite and'the
filter pad washed well with hot tetrahydrofuranf The solution
was evaporated and the remaining water removed by azeotrope
with benzene. The residue was taken up in chloroform (50 ml)
and dried (NaZSOQ). Evaporation of solvent gave 1.89 g
(987) of 21 as a colorless oil.

PHYSICAL DATA FOR 21
ir'(CC14): 3460 (bs)

14 nme (CDCl3): 8 1.12-2.80 (m, 8H), 3.34 (s, 3H), 3.37
(s, 3H), 3.48-3.72 (m, 4H), 3.94 (m, 2H),
4.60 (s, 2H), 5.78 (m, 2H)
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‘(i)'3§‘M€th0Ky-4§-hydrOXY—55-(3,5-didxahexyl)—

7R(4-toluenesulfonyl-oxymethyl)-cyclohept-1l-ene (22)

A solution of diol 21 (0.9 g, 3.45 mM), p-toluene-
sulfonyl chloride (0.65 g, 3.41 mM) and pyridine (30 ml)
was stirred at 0° for 12 hours. The solution was corcentrated
under reduced ﬁressure and taken up in ether (75 ml). /The
ether solution was cooled to 0° with rapid stirring, cold
aqueous 1 N sulphuric acid (50 ml) was added, and the 1éyers
separated. The aqueous layer was washed with ether (3 x
20 ml) and the combined organic.phase washed with water
(40 ml), aqueous saturated sodium chloride (40 ml), dried
(Na,S0,), and the solvent evaporated to give 1.35 g (94%)

of tosylate 22 as an oil.

PHYSICAL DATA FOR 22

ir (CHCL,): 3500 (b) - N~

' nmr (CDCly): 6 1.08-2.90 (m, 7H), 2.44 (s, 3H), 3.30

(s, 3H), 3.32 (s, 3H), 3.56 (t, Jt=6.0[

2H), 3.84 (m, 2H), 3.91 (d, J,=6.0, 2H),

d
4.58 (s, 2H), 5.88 (m, 2H), 7.18-7.88

(m, 2H)
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(i)—3§—Methoxy—4§—trimethylsilyloxy-55—

(3,5—dioxahexyl)—7§—(A—COLuene—

sulfonyloxymethyl)-cyclohept-l-ene (23)

A solution of tosylbxy alcohol 22 (1.2 g, 2.9 ),

pyridine (20 ml), and trimethylsilylchloride (0.942 ml,

7.3 mM) was stirred for 2 hours at room temperature. The

solvent was removed on a vacuum pump and the residue dissolved
—-1in ether (SO ml). The ether layer was washed with wateF

(20 ml) and the aqueous layer was back extracted with eéher

(2 x 20 ml). The combined orgénic layers were washed Wiﬁp

aqueous saturated sodium chloride (20 ml), dried (NaZSOA)\\

and the solvent evaporated to give 1.34 g (95%) of 23 as

an oil.

4

PHYSICAL DATA FOR 23

.. o
v

"M onmr (CDCL,): s (CHCL, ref.) 0.02 (s, 9H), 1.02-2.92

3
(m, 6H), 2.44 (s, 3H), 3.26 (s, 3H),
3.32 (s, 3W), 3.51 (tr, J_=6.0, 2H),
3.82 (m, 2H), 3.89 (4, J4=6.0, 2H),
4.58 (s, 2H), 5.60 (m, 2H), 7.34 (d,
J

=8.0, 2H), 7.80 (d, J,=8.0, 2H)

d
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(i)—3§—Methoxy-4§—trimethylsilyloxyf5§—

(3,S-dioxahexyl)-7g—methylcyclohept—l-ene (24)

A solution of tosylate 23 (1.25 g, 2.6 mM) in
anhydroﬁs éther (25 ml) was added dropwise to lithium
aluminum hydride (225 mg, 7.25 mM) in anhydrous ether
(75 m1) at 0°. The mixture was allowed to warm to room
temperature and was stirred for 12 hours. The mixture
was quenched with aqueous'saturated‘sodium sulphate
solution, filtered through Celite, and the solvent evapor-

ated to give 710 mg (90%) of 24 as an oil.

PHYSICAL DATA FOR 24

lH nmr (CDC13): hy (CHCl3 ref.) 0.03 (s, 9H), 1.00 (d,
Jg=7.0, 3H), 1.20-2.72 (m, 6H), 3.30
(s, 3H), 3.34 (s, 3H), 3.54 (t, J,=6.0,
2H), 4.04-4.60 (m, 2H), 4.60 (s, 2H),
4.88-5.30 (m, 2H)



150.

(i)—3§;Methoxy—4§—hydr0xy-55

(3,5-dioxahexyl)-7R-methyl-cyclohept-1l-ene (25) *

The trimethylsilyloxy-cycloheptene 24 (320 mg,
1.01 mM) was dissolved in methanol (10 ml) containing a
trace amount of triflurocacetic acid and stirred at room
temperature for 1 hour. The reaction was monitored by thin
layer chromatograph;. Evaporation of solvent and column

‘chromatography on silica gel (10 g) using hékane:ethyl

acetate 1l:1 gave 234 mg (96%) of 25 as an oil.
PHYSICAL DATA FOR 25
ir (CHClB): 3500 (b)

' nmr (CDC13): 6 1.04 (d, J,=7.0, 3H), 1.20-2.68 (m, 7H),

d

3.34 (s, 3H), 3.37 (s, 3H), 3.59 (t,
3.=6.0, 2H), 3.88 (m, 2H), 4.60 (s, 2H)

H

5.64 (m, 2H)

Mass Spectrum: (9/5 intensity assignment)

264 (MY, 0%), 212 (M'-CH,0H, 7.21%)

3
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(i)—3§—Methoxy-4§—benzoyloxy—55

4

1

(3,5-dioxahexyl)—75—methy1-cyclohept—l—ene (gg)‘ﬁg

To a solution of alcohol 25 (116 mg, 0.475 mM)
in pyridine (60 4l ) was added benzoyl chloride (67 nl,
0.52 mM). The reaction was stirred at room temperature
for 30 minutes and the pyridine removed on a vacuum pump .
Preparative thin layer chromatography on silica gel plates

using chloroform as solvent gave 150 mg (91%) of 26 as

an oil.

PHYSTCAL DATA FOR 26
ir (CHCI,): 1720 (s) b
1

H nmr (CDCL3): 6 1.12 (d, J4=7.0, 3H), 1.18-2.50 (m, 6H),
| 3.30 (s, 3H), 3.34 (s, 3H), 3.58 (t,
J,=3.0, 2H), 4.08 (m, 1H), 4.50 (s, 2H) ,
5.50-5.95 (m, 2H), 7.36- 8.20 (m, SH)
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Oxidizing Reagent

The oxidiziqg reagent for the Lemieux-von Rudloff
oxidation was prepareé‘by dissolving sodium meta-periodate
(2.09 g) and potassium permanganate (40 mg) in water and
diluting to 100 ml in a volumetric flask. This solﬁtion

was 0.1 M in periodate.
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(i)—2§-Methoxy—3§-benzoyloxy-4§(3,S—dioxahexyl)-

63—methyl—1,7—heptane dicarboxylic acid (27)

The procedure followed was that reported by R

U. Lemieux and E. von Rudloff99 with some modification.

To a solution of the benzoateAgg (34.8 mg, 0.1
mM) in aqueous 80% tert-butyl alcohol (3 ml) at 0° was added
sodium meta-periodate solution (7 ml of 0.1 M solution,
0.7 mM) containing potassium carbonate (15.9 mg, 0.11 mM) .
The reaction was allowed to walrm to room temperature énd
stirred for an additional 14 hours. After cooling the
reaction to 50:’the red-purple solufion was acidified to
PH 3.0 with aqueous 2 N sulphuric acid. Solid sodium
bisulphite was added to reduce the remaining oxidant. During
the addition, the solution first became coloriess, then dark
brown, and finally bright yeilow (the pH of the solution was
now 1.5). The solution_was carefully saturated with sodium
chloride (sulphur dioxide from the excess sodium bisulphite
was evolved). The solution was extracted with chloroform
(4 x 20 ml) and the combined organic layers washed with
aqueous saturated sodium chloride (20 ml), dried (Na2804)'
and the solvent removed to rive 38.6 mg (92%) of gz as a

white amorphous solid.
PHYSICAL DATA FOR 27

ir (CHC13): 3500-2800 (b), 1720 (bs)

e
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/
4 nor (CDC13): 6 1.22 (bd, J4=8.0, 3W), 1.30-2.75 (m, 5H),
3128 (s, 3H), 3.32 (s, 3H), 3.60 (m, 3H),
4.02 (d, J4=6.0, 1H), 4.52 (s, 2H), 5.48
(m, 1H), 7.26-8.18 (m, SH), 10.5 (bs,
ca. 2H)
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(i)—3§-Hydroxy—2§,§—methoxy—4§(3,S—dioxahexyl)—

6-R-methyl heptan-1,7-dioic 3,7-lactone (28)

iﬁ(l? . A solution of benzoyloxy-dicarboxylic acid 27

~.(.:3.:2" mg, 0.08 mM) in aqueous 1.8 N potassium hydroxide (0.2
ml, 0.36 mM) was stirred at room temperature for 18 hours,
then cooled to 0-5° and carefully acidified to pH=3 with
aqueous 2 N sulphuric acid. After saturation of the solution
with sodium chloride and extraction with ether (3 x 15 ml),
the combined ether layers were washed with aqueous saturated
sodium chloride (5 ml) and dried (Na2804). Evaporation of

~ solvent and preparative thin layer chromatography on silica
gél plates using chloroform-methanol 95:5 as the solvent
system gave 23 mg of a yellbwish oil which displayed 1H nmr

characteristics of an epimeric mixture 28.
PHYSICAL DATA FOR 28

Woomr (CDCL,): 5 1.22 (b, J4=3.0, 2H), 1.43-2.65 (m, Si),
3.34 (s, 3H), 3.5 (bs, 3H), 3.65 (t,
J¢=6.0, 2H), 3.98 (m, 1H), 4.48 (m, 1H),

7 4.52 (s, 2H), 6.5 (bs, c. 1.5H)

(2) A solution of benzoyloxy-dicarboxylic acid gjkﬂ/—ﬂ\\\i
(32 mg, 0.08 mM) was dissolved in dry methanol (1 ml) contain-
ing sodim methoxide (9.9 mg, 0.184 mM) and the mixture was

stirred at room temperature for 12 hours. The solvent was

evaporated and the remaining white precipitate was dissolved
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in cold aqueous 57 sodium bicarbonate (2 ml). The aqueous
layer was washed with chloroform (3 x 5 ml) to remove any
methyl benzoate and the solution was carefully acidified to
pH=3 with aqueous 2 N sulphuric acid at 0-5°. Afrer
saturation of the aquéous solution with sodium chloride,
the aqueous layer was washed with chloroform (4 x 10 ml)
and the combined organic layers were dried (Nazsoa). Evap-
oration of solvent gave 22 mg of o0il. The lH nmr spectrum
exhibited mostly characteristics of starting material
(estimated 907 from integration) with the signal at §3.5

broadened.
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(i)—3§—Hydroxy-2§-methoxy-45(3,S-dioxahexyl)-

6R-methyl heptan-1,7-dioic lactone (gg)

To a solution of the trimethylsilyi ether 24
(73.2 mg, 0.2 mM) in aqueous 807% tert-butyl alcohol at 10°
was a&aéd potassium carbonate (135 mg, 0.8 mM) dissolvéd
in sodium meta-periodate éolution (24 ml, 0.1 M solution,
2.4 mM). The solution was allowed to warm to room tempera-
ture and stirred for an additional 14 hours. The excess
reagent was destroyed by the addition of ethylene glyqol
(15 drops) and the stirring continued at room temperature
for 3 hours. The solution was concentrated at 20° to remove
tert-butyl alcohol and then extracted with chloroform (3 x
5 ml). The aqueous layer was cooled to 5° and then carefully
acidified to pH=3 (bromocresol green indicator) with aqueous
1 N sulphuric acid. After saturation of the aqueous solution
with sodium chloride and extraction with ethyl acetate
(5 x 10 ml), the combined organic layers were dried (NaZSOQ)
and the solﬁent removed. The remaining residue was purified
by column chromatography on silicic acid (2.5 g) using
chloroform as solvent and increasing gradually to a 95:5
mixture of chloroform and methanol. The fesulting 45 mg of

white micro crystals was recrystallized from ether-pentane

to give 34 mg (507) of 28 as white crystals.
PHYSICAL DATA FOR 28 ‘ -

mp : 88-89°



Mass Spectrum:

Elemental
Analysis:

158.

3200-2200 (bs), 1710 (bs), 1680 (bs)

1.30 (4, Jg=7-0, 3H), 1.42-2.10 (m, 5H),

2.48 (ddg, J,=11.0, J,=7.0, J =5.0, 1H ,
(ddq d d q B

3.39 (s, 3H), 3.56 (s, 3H), 3.65 (t,

Jg=6.0, 2), 3.96 (d, J,=1.5, 1H), 4.58

.(dd, J.=9.0, J.=1.5, 1H), 4.64 (s, 2H), ,

6.5-7.0 (bs, 1H) )

(E/g intensity assignment) ,
290 (MT, 0%), 245 (M+—COZH, 0.5%),
201 (M+—C02H—C02, 20.2%) . 169 (M+—C02H—

COZ—CH OH, 16.6%)

3
CI (melt 60°/PT.145%)

308 (M + NHaf (18), 100%)

calced for C H2207: C 53.78, H 7.64,

13

0 38.58
&
found: C 53.30, H 7.57,

0 37.81
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Methyl(i)-3§—hydroxy,2§—methoxy—4§—(3,S—dioxahexyl)—

6R-methyl heptan-B,7—1actone-l4carboxy1ate (29)

The lactonic acid (2.9ng, 0.01 mM) was dissolved
in dry methyléne chloride (0.1 mi) and treated with excess
ethéreal diazomethane. After evaporation of solvent and
column chromatography on silica gel (0.5 g) using ether as
solvent and increasing gradually to ether:ethyl acetate

95:5, 1.5 mg (50%) of methyl ester 29 was obtained as an

oil.
PHYSICAL DQTA FOR 29

"M onmr (cDCLy): s 1.25 (4, J4=7.0, 3H), 1.30-2.15 (m, 5H),

2.38 (m, J =7.0, 1H), 3.38 (s, 3H),
3.52 (s, 3H), 3.63 (t, J,=6.0, 2H),
3.82 (s, 3H), 3.93 (d, J
4.49 (dd, 3;=9.7, 3

(s, 2H)

g=2-2, 1),

4=2-2, 1H), 4.62

Mass Spectrum: CI (melt 60°/PT 100°)

322 " + NH4+, 100%) N
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Thallium(1) 2-Methyl-2-propanethiolate

’2—Methy&—2-propanethiol (1.98 g, 22 mM) was added
dropwise over 5 minutes to a solution of T1(1l) ethoxide
(5.0 g, 20 mM) in anhydrous benzene (20 ml). After 15
minutes the precipitate was filtered under argon and washed
ﬁhoroughly with anhydrous pentane (5 x 10 ml) to give 5.6 g
(95%) of thallium(l)-i—methyl—2-propanethiolate as bright

yellow crystals (mp 170-1750, decomp) .
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§—tert-Buty1(i)—3§-hydroxy—2§—methoxy—4§ -(3,5-

“dioxahexyl)—63—methy1 heptan-3,7-lactone-1-thiolate (30)

The procedure followed was that reported by Masa-

mune and co—workers.loo

To a solution of lactonic acid 28 (10.2 mg,'0.035
mM) and'triethylamine (3.95 mg, 0.039 mM) in anhydrous
benzene (0.35 ml) at 5° was added diethylphosphorochloridate
(6.7 mg, 0.039 ml) in anhydrous benzene (0.35 ml). The
solution was stirred at 5° for an additional 20 minutes
and then at: room temperature for 3 hours. The precipitated
triethylamine hydrochloride was removed by filtration and »
washed with dry benzene (2 ml). To the combined filtrate
and washings was added thallium(l)—Z—methyl—Z propanethiolate
(11.35 mg, 0.039 mM). The mixture was stirred at room
temperature for -12 hours and the solvent removed. Column
chromatography on silica gel (0.5 g) using chloroform as
solvent and increasing to a 95:5 mixture of chloroform:

methanol gave 6.2 mg (50%) of 30 as an oil.
PHYSICAL DATA FOR 30

'y nme (CDCLp:  61.27 (4, J4=7.0, 3H), 1.32-2.42 (m, SH),
1.53 (s, 9H), 2.47 (m, Jm=7.0, 1H)

2

3.38 (s, 3H), 3.58 (s, 3H), 3.63 (t,

: J.=6.0, 2H), 3.74 (d, J4=2.0, 1H), 4.48
(dd, J4=10.0, J4=2.0, 1H), 4.62 (s, 2H) <§§;%
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Mass Spectrum: CI (melt 60°/PT lOOO)

380 (Mt + NH4+, 100%)
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P-Bromophenocyl Ester (31)

The procedure followed was that reported by J.

B. Hendrickson.103 \ .

The lactonic acid 28 (9.4 mg, 0.032 mM) was
dlssolved in water (0.2 ml) contalnlng a trace amount of
phenophthaleln\lndlcatpr and basified wigb/sodium hydroxide
(0.096 N), then just acidified to pH= 6(§/with aqueous 0.1 N
sulphuric acid. To this solutlon was. added p-bromophenacyl
bromide (9.0 mg, 0.032 mM) in methanol (0.4 ml). and the

\‘”“’Teactlon stirred at 60° for 6 hours After cooling to 20°
and evaporation of the methanol, the aqueous solution was
carefully saturated with sodium chloride and extracted with

.ethyl acetate (4 x 5 ml), dried (Nazsoa) and solvent removed.
Column chromatogréphy over silica gel (1 gm), using chloro-
form as eluent and increasing polarity to chloroform:methanol

98:2, afforded 571 mg (357) of 31 as an oil. Due to the

inefficiency of the Teaction, a modification is reported.

\
The lactonic acid 28 (14.5 mg, 0.05 mM) was dis-

solved in aqueous 807 Egzgrbutyl alcohol containing a trace

of phenophthalein at room Lemperature followed by dropwise
addition of aqueous 00096 N sodium hydroxide (0.52 ml,

0.05 mM) over 2rminutes, at 5° , With stirring. After stirring
at 5° for 15 minutes, the solvent was rémoved at room temp-
€rature on a vacuum pump. The residue was dried by co-evap-

oration with dry pyridine (1 ml), then dry dioxane-dimethyl-

2
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formamide (1:1, 1 ml) with remdval o?fall sprents at 20°

(0.2 mm). The residue was taken ﬁp in dry éimethylformamide
(0.5 ml) and a-p-dibromoacetophenbne (14 mg, 0.05 mM) added

in one portion. The stirring was continued at ; m tempera-
ture for 6 hours and the solvent removed on a vaijzé\pump.

The residue was suspended in water (1 ml) and .then ex;ra ed
with chloroform (4 x 1 ml), dried (Na2504) and the solvent \\\
évaporated. The residue was chromatographed over silica gel !
(1.0 g), using chloroform as eluent and increasing. polarity

to chloroform:methanol 98:2, to afford 23 mg (95%) of 31

as a pale yellow oil. _ AN

3

PHYSICAL DATA FOR 31

"Wonmr (eDCl,): s 1.25 (4, J4=7.0, 3H), 1.28-2.10 (m, SH),
2.5 (m, 1H), 3.36 (s, 3H); 3.60 (s, 3H),

3.62 (bt, J,=6.0, 2H), 4.15 (d, J=2.0,
), 4.56 (dd, J;=10.0, J=2.0, 1m),
“ 4.62 (s, 2H), 5.44 (s, 2H), 7.65 (bd,

Jg=8.0, 2H), 7.74 (bd, J;=8.0, 2H)
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Hydroxy-p-phenacylbromo Ester (32)

To the methoxy methyl lactonic ester 31 (5.1 mg,
0.01 mM) dissolved in dry carbon tetrachloride (53ul),
was added trimethylsilylbromide (53 ul of:a 0.296 M solution
in dry carbon tetrachloride, 0.013 mM) and the reaction
vigorously stirred for 5 minutes. After adding methanol
(2 ml), the solvents were removed under reduced pressure
at 20° and co—éﬁagorated with dry benzene (2 x 2 ml). The
residue was dissolved in dichloromethéne (2 ml), washed
with aqueous 57 sodium bicarbonate (2 x 0.5 ml), dried
(Na2804) and the solvent evaporated to give an o0il. This
0il was chromatographed over silica gei (0.5 g) using
chloroform as eluent and increasing polarity to chloro-

form:methanol 98:2 to afford 4 mg (86%) of 32 as an oil.
PHYSICAL DATA FOR 32

" ommr (cDC1): 6 1.25 (d, J4=8.0, 3H), 1.42-2.84 (m, 7H),

-60 (s, 3H), 3.78 (t, J _=6.0, 2H), '

d=10.0,

1
3

4.18 (d, J4=2.0, 1H), 4.56 (dd, J
J4=2.0, 1H), 5.42 (s, 2H), 7.60 (bd,
J

=8.0, 2H), 7.78 (bd, J.=8.0, 2H)

d
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Aldehyde (33)

The procedure followed was that reported by E.

J. Corey and co- workers 104

To a stirred solution of alcohol 32 (8 mg, 0.018
mM) (dried by benzene azeotrope) in dry methylene chloride
(1 ml) at 0-5° was added pyridinium chlorochromate (6 mg,
0.027 mM) and sodium acetate (0.5 mg, 0.006 mM) .  The mixture
was stirred for 2 hours at room temperature and dlluﬁed with
ethyl acetate:ether 3:97 (1 ml). This solutlon‘was directly
chromatographed over silica gel (0.8 g), using ether as

eluent and changing to ether:ethylacetate 95:5, to afford

7 mg (90%) of 33 as an oil.
PHYSICAL DATA FOR 22

Y nme (CPCL3): 61.25 (4, 34=7.0, 3W), 1.10-1.82 (m, 2m),
2.07 (m, 10), 2.66 (m, 2H), 2.84 (m, 1n),
3.58 (s, 3W), 4.15 (d, 3,=2.5, 1B), 4.57
(dd, J4=9.5, J;=2.5, 1H), 5.44 (bs, 2H -
due to conformation), 7.66 (bd, 2H),

7.78 (bd, 2H), 9.80 (m, 1H)
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Attempt to Form Dimethyl Acetal of 33

—— e

To a solution of aldehyde 33 (8 mg, O. 018 mM) in
dry tetrahydrofuran (0.15 ml), was added dry methanol (7 ul,
0.18 mM) at 5° » then methyl orthoformate (4 mg, 0.036 mM)
and trifluorocacetic acid (0.7 mg, 0. 006 mM) . The reaction
was warmed to room temperature and stirred for 12 hours.

The reactlon was diluted with ethyl acetate (1.5 ml), then
stirred with aqueous saturated sodium chlorlde (0.5 ml)
After separation and re-extraction of the aqueous layer with
ethyl acetate (2 x 1 ml), the combined grganic 1ayefs were
dried (Nazsoa), containing a small amount of solid sodium
bicarbonate, and evaporated to give a tar. Column chroma-
togfaphy~oyer silica gel (0.6 g), uéing ether as eluent and
Ancreasing polaripy to ether:ethyl acetate 90:10, gave twan

compounds, 34, 4 mg (457) and 35, 2 mg (23%).
~ PHYSICAL DATA FoR 34

4 nmr (CDCL3): 61.25 (d, J,=7.0, 3m), 1.12-1.80 (m, ..
. - ",
ca. 3H), 1.82-2.0 (m, ca. 2H), 2.02-2 .92
(m, ca. 1H), 2.55-2.75 (m, ca. 2H),
3.30 (s, 3H), 3.50 (s, 3H), 3.72 (s, 3H),
3.97 (d, J471.5, 1H), 4.55 (dd, J4=9.0,
Jg=1.5, 1), 5.11 (dd, Jg4=4.0, J=1.0,
1B), 5.44 (s, 2H), 7.65 (bd, J4=8.0,
J4=2.0, 2H), 7.79 (bq: J4=8.0, 3 =2.0,
2H)
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PHYSICAL DATA FOR 35

H nmr (CDCl3): § 1.21 (d, J4=7.0, 3H), 1.10-1.82 (m,
ca. 3H), 1.82-2.0 (m, ca. ?ﬂ), 2.02-2.22

(m, ca. 1H), 2.55-2.75 (m,[ca. 2H).
,ca. 1H ca- 2

3.40 (s, 3H), 3.55 (s, 3H), 3.99 (d,

Jg=4-5, 1H), 4.38 (dd, J;=6.5, J =4.5,

1), 5.06 (4, J4=5.0, 1H), 5.42 (s, 2H)

7.60 (s, 3H), 7.65 (bd, 34=8.0, J=2.0,

d
2H), 7.79 (bd, J4=8.0, J4=2.0, 2H)
. | 3, ~

'The possible structures for 34 and 35 arise from
similarity Vith the 1H nmr spectrum of degradation products

36 and 37. | 3 ‘ - . ™~

RE

K 473
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tert-Butylthioacetate (38) )

i

/

The procedure followed was that reported by
113 ' ™y

-

Rylander and Tarbell.

Freshly distilled acetyl cﬁloride (10 ml, 11.0 g,
- 0.14 M) was slowly added to an ice cooled solution of dry
pyridine (14 ml, 14.0 g, 0.14 M) in dry chloroform (40 ml).
After the add?tion was complete, 2-methyl-2-propanethiol
(14 ml, 11 gf 0.125 M) was added over 30 minutes and the

Teaction stirred an additional hour at 50, then at room

"
-

temperature for 14 hours. The reaction mixture was then
coéled to 50, and ice water (ca. 30 ml) was adaed. After
separation, the organic layer was washed with cold water

(20 ml), cold aqueous 1.5 N hydrochloric acid (2 x 25 ml);
cold 107 aqueous sodium bicarbonate (2 x 25 ml) and finally
cold water (20 ml). After drying (K2C03 / Drierite mixture),
the éolvent»was removed and the residue was distiiled under
atmdspheric pressure using a 10 cm Vigreux column to give

6.8 g (42%).0f 38 as a colorless liquid (bp 130-133°, 701 mm).
PHYSICAL DATA FOR 38

M onmr (CDC1y): 6 1.42 (s, 9H), 2.20 (s, 3u)

-



Prepargtion of Half Ester (39)

The procedure followed was that reported by D.

W. Brooks.101 , »

-~

A hexane solution of n-butyllithium (16.2 ml,
1.6 M, 0.026 ﬁ) was adaed to a solution of diisopropylamine
(3.7 ml1, 0.026 M) in anhydrous tetrahydrofuran (50 ml) at
-40°. The solution was stirred for 15 minutes, then cooled
to -789, and S-tert-butylthioate 38 (6.3 g, 0.024 M) was
added dropwise over 10 minutes. After stirring for 30
minutes at this temperature, an excess of dry ice pelletsl'
(11 g, 0.25 M) was addeq. The mixture waé allowed to warm
to room temperature énd the solvent was evaporated under
reduced pressure. The residue was suépended in cold (5°)
water (25 ml) and acidified by dropwise addition of.cold
concentrated hydraochloric acid to pH=2. The aqueous mixture
was extracted with ether:(2_x 25 ml) ahd the ether layer
extracted with aqueous saturated sodium bicarbonate (2 x
15 ml). The aqueous extract was then cooled to 0-5° and
carefully acidified to pH=3 by dropwise addition of cold
6 N hydrochloric acid with constant stirring. The aqueous
phase was extradted with ether (2 x 20-m1) and the ether

extract washed with aqueoﬁg saturated sodium chloride, dried

BNy | |
(Nazgoa)‘and the solvent removed to give the half ester in

3

707, yield.

170.
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PHYSICAL DATA FOR 39

' nmr (CDCly): 6 1.46 (s, 9H), 3.51 (s, 2H), 10.95

(s, 1H)
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Preparation of Magnesium Reagent (40)

The procedure folldWed was that reported by D.
W. Brooks.101’

To a solution of the half ester 39 (10 mM) in
anhydrous tetrahydrofuran (25 ml? was added freshly prepared
nmagnesium ethoxide (5 mM). The é}xture was stirred for N
1 hour during which time a nearl&Jhomogeneous solution formed.
The mixture was filtered through a pad of Celite éndrthe
filtrate was evapor#;ed to give a white solid residue. After
Pumping under v%guum (0.1 ﬁM, 5 hours), a white amorphous

solid was obtained which was reéady for use. _

~ ’ . -
PHYSICAL DATA FOR 40

ir (CDC13): 1680 (s), 1630 (s)

e nmr (CDCL3):  §1.45 (s), 1.48 (s), (ca. 2:1, 9,
3.32-3.72 (bm, 2H)



N
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S-tert-Butyl-(+)-5S-hydroxy, 3—keto—4§—methoxy—65

(3,5-dioxahexyl)-8R-methyl-heptan-

3,7-1lactone-1-thiolate (42)

v w)‘;h
The procedure followed was that reported by D.

W. Brodkg. 01

To a solution of lactanic acid 28 (14.5 mg, 0.05
mM) (dried by benzene azeotrope) in dry»tetfahydrofuran
(0.5 ml), was ?dded carbonyldiimidazole (9 mg; 0.055 li
at 0°. The mix¥ure was stirred at this temperature for
6 hours. The magnesium salt 40 (15 mg, 0.055 mM) was added
in one portion and the solution stirfed at room temperature
for 12 hours. After the solvent was removed, the residuew
waé‘dilUted with ether (2 ml), extracted with aqueous 407
ammonium sulfate and ghe aqueous layer extracted with ether
(2 ml). The combined'ethefeal solutions were washed wiﬁh
aqueoﬁs 107% sodium bicarbonate (I ml), aqueous saturated
sodium chloride (1 ml) and dried (Nazsoa). After evaporétion4
of the soivent, the residue was chromatographed over sitiﬁﬂf
gel (1.0 g) using a chloroform as eluenﬁ and increasing /
5olarity.to a 97:3 ﬁixtureléf chlorqfofm:mef@anol to give P

19 mg (947) of 42 as' a white solid. \\\

PHYSICAL DATA FOR 42

-~

mp: . 65-66°

A



W

1y nmr (cpCl,) -

Mass Spectrum:

Elemental
Analysis:

1H nnr (CDC13):'

§ 1.27 (d, Jd=7.0, 2H), 1.30-2.82 (m, 5H),

1.49 (s, 9H), 3.38 (s, 3H), 3.54 (s, 3n),
3.63 (t, J,=6.0, 2H), 3.64 (d, J4=15.5,
18), 3.77 (d, J4=1.8, 1H), 4.09 (d,
Jg=15.5, 10), 4.42 (dd, I =10.0, J
1H), 4.63 (s, 2H)

418,

CI (melt 65°/PT 120°)

422 Mt + NH4+ (18), 100%)

calcd for C19H3207S: C 56.42, H 7.97
found: € 56.38, H 7.95

PHYSICAL DATA FOR 43 *

1.27 (d, Jg=7.0, 2m), 1.30-2.82 (m, sH),
1.53 (s, 9H), 3.38 (s, 3H), 3.46 (s, 3H),
3.62 (t, J.=6.0, 2H), 3.77 (dd, Jgl.8, .
J4=1.0, 1H), 4.37 (dd, Jd=9.0,’Jd=1.8,
1H), 5.70 (d, J4=1.0, 1H), 12.85 (s, 1H)

174.
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Imidazolide (44)

To a sblutionﬁpf 1, 1'-carbony1diimidazole‘
(0.76 g, 4.7 mM).in dry tetrahydrpfuran (8 ml) was added
isobutyric acid (0.4 ml, 0.38 g, 4.26 mM). After stirring
for 4 hours at room temperature, this solution was used
airectly in the subsequent reaction without isolation of

the imidazolide.
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L C
B-Ketothiolester (45) s

To a solutioﬁ of the magnesihm salt 40 (1.65 g,
4.4 mM) in dry tetrahydrofuran was added the imidazolide
‘solution 44 and the mixture rgfluxeﬁ for 14 hours. After
this time, the mixture was allowed to cool to room temper-
ature and the solvent removed. The residue was diluted
with cold ether (30 ml) and then with cold aqueous 0.2 N
hydrochloric acid (25 ml). After separdation, the aqueous
layer was extfacted with ether (20 ml) and the combined
organic layers washed successively with cold saturated
aqueous sodium bicarbonate (20 wl) and saturated aqueous'
sodium chloride. The ether layer was then dried (NaZSOA)
and the solvent removed to give a yellow oil which after

distillation under reduced pressure resulted in a 7:3

mixture of 45 and 46 0.61 g (71%) as a colorless oil.

- PHYSICAL DATA FOR 45

"W ohmr (CDCLy): 6 1.13 (q, Jg=7.0, 4.2H), 1.49 (s, 6.3H),
2.74 (sept, Jsept=7°0' 0.7H), 3.62
(s, 1.4H) .

PHYSICAL DATA FOR 46

4 owr (CDCL3): 6 1.15 (d, J4=7.0, 1.8H), 1.52 (s, 2.7H),

2.34 (sept, Jsept=7:0, 0.3H), 5.32

(s, 0.3H), 12.95 (s, 0.3H)
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s

Attempt to Synthesize (él)

8
The"B-ketothiolester mixture &i and 46 (28 mg,
1.2 mM) waghgissolved in ethanol (2 ml) and hydroge#ated
with PtOz.HZO (5 mg, 0.002 mM) . The reaction was followed
by vpc and after 1 hour ﬂo change was observed. Another
10 mg of catalyst was added and the mixture hydrogenated

a further 14 hours with no change observable other thap

the slow formation of ethyl ester 48 as seen by lH nmr .



178.

B-Hydroxythiolester (47) ] t

To a solution of B-ketothiolester mixture 45 and
46 in dry methanol (1 ml) at -20° was added sodium boro-
hydride (4.7 mg, 0.125 mM)iand the mixture stirred for 3
hours at th;s temperaturé. The mixture was then diluted
with 407 aqueous ammonium sulphaté (0.5 ml) and the reaction
stirred at this temperature for 5 minutes before removing
the methanol. The residue was diluted with ether (2 ml)
and water (1 ml). After separation, the aqueops}layer was
washed with ether (2 x 2 ml) and the combined ofganic layers
dried (NaZSOA) and the solvent removed to give 49 mg (97%)
of 47 as a colorless liquid which showed only one peak by

vpc. This material was used directly in the subsequent

transformation without further puri{}cation.
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B-Acetoxythiolester (49)

To a solution of B - hydroxythlolester 47 (40 mg,
0.2 mM) in dry pyridine (1 ml) was added acetic anhydride
(0.4 ml) and the mixture stirred at room ;emperature'for
16 hours. The reaction was then cooled to SO‘and diluted
with 207% aqueous ammonium sulphate (3 ml) and then extracted
with a 1:1 mixture of benzene and peﬁ%ane (3.x 3 ml). The

combined organic layers were then washed with 10% aqueous

sodium bicarbonate (3 ml), saturated aqueous sodium chloride

(3 ml), dried (Nazsoa) and the solvent removed to give a
pPale yellow liquid. This residue was chromatographed over
silica gel (2.5 g) using a 19:1 mixture 6f benzene and ether

to give 34 mg (70%) of 49 as a colorless liquid.
PHYSICAL DATA FOR 49

'y nor (CDCL3):  61.90 (d, J4=7.0, 6H), 1.44 (s, 9m),
’ ¢

1.88 (m, 1H), 2.03 (s, 3H), 2.63 (m, 2H),
5.11 (dt, J4=6.5, J =5.8, 1H)
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Stability of 49 Towards Base

A mixture of the acetoxythiolester 49 (10 mg,
0.04 mM) in tert-butyl alcohol (O.S ml) was added to an
aqueous 6.198 N potassium hydroxide solution at 5° and
stirring was continued for 14 hours at this temperature.
After this time, the mixture was diluted withiether (1 ml)
and acidified to pH ca. 4 with aqueous 0.1 N hydrochleric .
ac1d After separation, the aqueous layer was washed with
ether (3 x 1 ml), the combined organic-layers washed with
saturated aQueous sodium'chloride (1 ml), dried (Nazsoa)
and the solvent removed to give a pale yellow oil. This
residue was chromatographed over silica gel (0.5 g) using
. pentane as "eluent and slowly changlng to a 19:1 mlxture of

pentane and ether to give 8 mg (907) of 30 as a colorless

H

oil. N
PHYSICAL DATA FOR 50
"onmr (cDC1y): 8 1.06 (d, J4=7.0, 6H), 1.49 (s, 9H),
3 2.30 (m, 1), 5.93 (dd, J4=16.0, J=1.5,
1), 6.76 (dd, J4=16.0, J;=6.5, 1H)

.
-

A mixture of the B -acetoxythiolester 49 (2.1 mg, :
0.01 mM) and 1m1dazole“(3 5g, 0.05mM) in dry DMF (0.1 ml)
was stirred at 60° for 20 hours. The vpc showed most of the

l
product was the elimination product 50.
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1

Stability of 49 to Trimethylbromdsilane

To a stirred solution of 8- acetoxythlolester ﬁg
(10 mg, 0 04 mM) in dry carbon tetrachlorlae (178 yl) was
added the tr1methy151lylbrom1de solutlon (0. 296 M, 178 ul,
0. 052 mM) and the mlxture stlrred at room temperature for
10 minutes. The mlxture was then dlluted with m&thanol
(1 ml) and the solvents removed. The residue was taken up
in chloroform (1 ml) and passed th;ough a short column of
al:1l mlxture of sodium sulphate and pota381um carbonate§>

Evaporation of solvent gave 9.9 mg of 0il which was identical

by 1H nmr to the starting materlal
2
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1

§-Egggwgutyl—(j)—5§—hydroxy—3§:hydroxy"4§—methoxy—

v —— ——— .~

] »
ﬁR(?,S—dloxahexyl)—8§~m§£hy1~HepTanv
5,9nlacroqe"1~thjnlate (51)‘

. 'y

. . . )
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~

B ~Acetoxythiolester (52)

.

!

._;; \
To a solutiom of R ?-'hyd';”oxvthin]psrer 51 (4.0 mg,

. .
N.00%8 mM) in drv pyridine (03 mF\ was added acdtic anhyd

[a}

ride (0 15 ml, excessg) at 0 The mixture wasg :a‘IThwéd to

J

warm to rvroom temperature nd stirved for 1? houre Fvapmn:

tien of volatile material on a vacuum pump gave a pale

yellow 1eaidine which was dissrlyed in benzene ‘pentane 1:1

n
(72 »1). ThﬁtSannfc a~rluticn ware waehed with cnld aqurecue
107, sodivm 'iecarbenate (2 + 0 S m') and dyied (N97S0/\

. f

4

1
Fvapnration of gelvent and eodae

\
n chryomatocraphy nvkr m b

gel (5 @) nainpg chlerofars ae elvent and '~ an ing
priarity to et A 1o 1ot o e 1t
fon . '
FUVATCAT DATA Too0 §9
IR St R A B 11 DU R/ 1 D
(e, YY1 8RR 2 O (w EHY 2 T (A
' Y ' foXal 1A : ("
1" 1 1(J HY. ? { 1d S
VoA no rmy oy 30 (a0 YN <, 3N
(O S A T G ¢ W T T KRR v
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Dr. H. Yamamoto has shown that ring opening of
compounds 51 and 52 did not lead to the desired compounds .

@
Some complications arose from the presence of methoxy

methy] prnrnrrirg group in this molecule,

¥

£ e ey e e Sy
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~ ~Alcohol ?Qg).f';f

.

To a stirred solutlon of B acetoxythlolester 52
(20 mg, 0.005 mM) in dry carbon tettachlorlde (3007&.) waq
added tr1methyls11y1brom1de (0.296. M) 1n carbon tetravf;
chloride (220 .1, 0.007 mM) and the reactlon stmrred at
roo? temperature for 10 minutes. Anhydrous Eerhanol (2 ml)
was then added to the rapidly stlrred qolutlon @be solvent
was removed and finally the remaining volatile side products
were removed in vacuo: The residue was diluted w1ph benzemne
.and the solvent and volatile materials were again temoved.
The remaining yellow oil Qas dissolved iﬁ bhloroform gi ml)(
and passed thro;gh a short column of anhydrous sodium
sulphate contajning potassium .carbonate. The‘remaining;
residue was chromatographed over ci]ica'éel (0.8 g) into
ca. 0.5 ml fractions using a 3:17 fmixture of ethyl acetate
and ether to give 11.6 mg (627) of 54 as a colorless ril.
The starting material 52 (2.5 mg) wan a]sn recovered. Al]

(‘f""‘.'i"g fAngt *nte weyr ((\”f'ivnur;-] by '1”"“'1["i'\g_ (39 adint i g,

“t S | Y o0 T A oand S AR
FUYSTOAL, DATA FOP 5

| A BTN AR RTRN )\ & ].7< (II’ 'd—'7 0’ )}{). 1 ’%7 ('\q’ 1(1"]715'

VH) . 1.4 («, QH), 1.70 (hs, TH), 1.6 ' o

(m, PHY 2 0% (ddd, 1“{-17 S, 1.5 0

+ d '
o
Jq76. " THY, 707 (e, 3WY, 2.77 (dre,
AR N P A D S T § A S R e

v N .. e e T v



Mass Spectrum:

e VT

)

R

"-.‘.;...‘f-‘.rd-12 5, d0=1. 0, .34-5.0, W), 2.93

Yd

L (ads Ty 16 0, st7 0, 1H)s 3.04 (dd,
‘ '3§f¢;Jd-16 0, -4 0, 1HY, 3.56 (s, 3H),
73165 (dd Jg76.3, 313, 1), 3.78
. (bt, 3:%5. 8, 2H) 4.35 (dd, J4=9.0,
”_3&-1.;, 1H), 5.56 (ddd, J4=7.0, J,=6.3,
Jgmh.0, 1H)

*

* CI (melt 65°/PT 135°)"

422 v + xu, T o(18), 100%)

186"
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* Preparation of Pyridinium Dichromate

-

The procedure followed was that reported by .S

J. Corey and G. Schmidt. 08

v

Chromlum trioxide (50 g, 0.5 M) was dlssolved in
water (50 ml) and the solutlon cooled ™ an ice water bath.
Pyridine (%0.3 wl, 39.57 g, 0.5 M) was ad@ed to the stirred
solution at such a rate that\the,temperffhré did not rise
above 30°. A thick orange precipitate formed after the
additioﬁ of ca. 20 ml of pyridine. After the addition was

wcomplete,.acetone (206 ml) was added, the precipitate broken
up and the solution cooled at -20° for 2 hours. The solid
was collected by filtration, washed with cold acetone and
dqged 1nANacuo to give 68.6 g (73%) of pyridirium dichromate

as a bright orange solid (mp 143- 145y . ' ‘
s . " ’
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Aldehyde:(ég)'

~

]

To a stirred solutionqof the alcohol 54 (11.6 mg,
0.029 m) in dry methylene gHloride (0.3 ml),was added ™ =~
pyridinium dichromate (10 mg, 0.024 mM) and the mixqure//) '
nwas‘?tifréd at room témperatufé.fof 6khour;% Afﬁ?r tﬁigf‘
.:time, another portion of pyridinium diéhromate'(lo mg)’was:
added and the stirring'continﬁed for,iZ hours. The ﬁixéﬁge
was directly chromatoéraphed over silica gel (0.5 g) into
ca. 0.5 ml fractions“using chloroform as eluent and gfadually.

: - : o :
~ changing to a 19:1 mixture of chloroform and metﬁanol, to

give 7 mg (652) of 55 as a‘colorless oil.
PHYSTCAL DATA FOR 55 ¢

"Ronmr (CDCTL): 6 1.24 (4, J=7.0, 3H). 1.40 m, 1), 1.46

(s, 9H), 2.01 (ddd, J,=13.0, J4=5.5,

Jgm6.0, 1H), 2.09 (s, 3H), 2.48-2.80

(m, SH), 2.89 (dd, Jd$16‘0’7Jdr7'O' 10,
3.01 (dd. 14716.0, Jq™4-0, 1H), 3.54
(s, 3H)., 3.62 (dd, J,=6.0, J.~1.5, 1H),
( —~ d d -
y ,
4.36 (dd, Jg79-0, Jq~1.5, 1H). 5.54 (ddd,
J477.0, J476.0, Jg=4-0, 1), 9.85 (bs, 1H)
Mass Spectrum: CI (melt 65°/PT 145°)

420 "+ ne, Y (18), 1007)
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Hemiacetgls (56) and (él)

k]

The éldehydehéé (7 mg, 0.018 mM) was tréated with
a 1:1 mixture of water and aéétonitrile‘contaihing 1.5%
trifluproacetié acid (0.5 ml) at Sonand then allo%ed to
stif.at,robm.tegperatufe for'iuS hou;s. Aftef this time,
the mixture was cooled to SPJ diluted with ethyl acetaté
(2 ml)band saturated aqueous sodiu%-chloride (1 ml), ;nd \ .
rapidly sg}rred for ca. 5 minutes.v The layers were separated
and the aqueous layer Was_extfacted with ethyl acetate "(2 x
2 ml). The combined organic 1ayérslwere dried <N32804) and
the solvent removed to give 5 mg (70%) pf 26 and 37 as a

colorless tar which was used directly in the subsequent

trarisformation without further purification.
PHYSICAL DAFA FOR 56 AND 57

1 |
Homme (EDC1): 6 1.25 (d, J,=7.0, 3H), 1.47 (s, 9H), 1.10-

3.0 (m. 9H), 2.07 (s, 3H), 3.50 (m, TH)

3.58 (s, 3H). 4.15 (dd, 7,-7.0, 1 -1.0,

d d
TH), 5.37 (m, 1H), %. 55 (m. TH)Y, 7.10 (he,
ca. IH)

=3
i
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Acetals' (58) and (EE)

I8

The crude hem1aceta1 mlxture of 58 and 39 (5 mg,

190.

.0 014 mM) was treated w1th a freshly prepared stqok solutlon_

(0.5 ml) made by dlssolv1ng trlfluoroacetlc agid (0.07 ml),
éethyl orthoformate (0. 24 ml) and dry methanol (3 mwl) in dry
tetrahydrofuran (7 ml) and the stlrrlng continued at room
temperature for 24 hours. The ‘mixture was then dlluted 'with
’ethyl acetate'(Z ml) and saturated aqueous sodium chloride

(1 ml) followed by stirring for ca. 1 mPrrite and separating

the Layers The aqueous layer was extractig with ethyl

acetate.(3 x 1 ml); the combined organic layeré dried (Nazsoa)

and the solvent removed to yiéld 8 mg of tar. This tar was
A

chromatographed over silica gel (0.15 g) using chloroform as

eluent and slowly increasing polarity to a 99:1 mixture of

‘chloroform and metﬁanol. to give 2.7 mg (60%) of 58 and 59

as a colorless tar and 1.4 mg of starting material contamina-
. o~ "

ted with nther impurities. 1

-

PHYSTCAL DATA FOR 58 AND 59

Moame (o1 V- s 125 (4, J4m7.00 ). 147 (s, 9H), .40
1.92 (m, A4H), 2.07 (s, 3H). 2.50 (m, 7H),

2.94 (dd, J4=16.0, J,-8.5, 1H). 3.00 (dd,

Jg716.0, J74.5, TH), 3.35 (s, 3IH). 3.45

(m, Y. 3.51 (s, 3W). 418 (dd, J,~7.7.

-~ - -1.5
Jd 3.0, TH), 5 05 (4d, Jd 5.5, Jd 1.5.
1H), 5 55 (dr, 1V -8 % 1r~4 S,OTH)
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Acetal (ég).ﬂ'

3

This sample was obtained by Dr. §S. Mori86_frmm
\ degradation of the natural product. The 1H nmr of 60 fits
very closely with that of 58 and 59, therefofe'stereochemistry

of the asymetric centers in the synthetic Product seems to

» be correct. : '
- ) *

PHYSICAL DATA FOR 60

M nmr (CDC1y): & 1.24 (4, Jg=7.0, 3H), 1.32 (ddd, J=13.0,

¢ i
= == j\, =
Jd 11.0, Jq 4}3, 1H), 1.84 (ddd,.Jd 13.0,

Jd510}03'Jd=4-0» 1H), 1.88 (ddd, J,=13.0,
. - . p

d
Jq=8.0, qd=5.5, TH), 1.95 (ddd, Jd=l3.0,

Jd=8.5. \»Td:]’-s» ]!:I)r ?'06 (S’ 3.11)' 2[‘6

[ —- ' ?
(m, 2H), 2.80 (dd, Tg715.5, J =8.5, In),
2-R8 (Ad, J =155, 7 .+4 .0, 1H). 3 a5 (¢,
d d H
3H), 3.47 >‘dd, 40, 7,-3.0, 1H), 3.50
(=, 3H), 3 78 («, 3H), 4.17 (aaﬁ T477.2,
1473 0, TH ), s 03 (a4, Tg75.5. 12,0,
v P m’.-
1HY, 5.55% (ddd, J -R s 1 .4 70000 !
ot d A i
TH). 6.6 (he. 1H) N
Mace Spantym. CT (melr AST/pT 1607

204 0y MH,' (18 . 1nnwy ”



Imidazolide €63)

\

_ ' 1, 1 —carbonyldilmldazole (295 mg, 1. 82" mM) ‘was
added to a solution of 2- ethylhexan01c acid (259 mg, 1.80
mM) in dry methylene chloride (3 ml) and :a rapid evolutlon
of gas occurred After 3 hours the solvent was removed
and.the residue triturated with pentane (2 x 5§ ml) and
flltered The imidazolide (350 mg, 98%) was obtained from

\\he pentane extrac; as a colorless oil.

)

192,
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¢ . 3
‘t

.® . Balt-free TriphenylmefhylenevPhoéphorane_

.
Th%~reaction was carried out. according to the

'Nprqgedure repbréed by Séhlbss;r and Christhénn.llo
Anhydrous ammoni# (ca. 80 m})’waé condenSed into
a flask at -78° containing a few small pieces of sodium
metal. Approx1mate1y 60 ml of ammonia was then distilled
from the intense blue solution into another flask at -78°,
To this solutlon was added sodium meta] (200 mg, 8.3 WgLarom)
and a trace ‘amount of iron IIT chlorlde - Triphenylmethyl-
\/,phoephonlum bromide (2 46 g, 6.90lmM).was then added to the
| solution and the reaction mixture stirred at -78° for 10
minutes before the .ammonia was allowed to evaporate. The

/
solid green resLdue was then dried at room temperature undey

2

reduced prpccure (0.1 mm) refluxed in anhydrous: benzene
(40 ml) %or 10 minutes, Qgnled to room temperature and
finally, f\lt‘erod in an arg §’1‘Hod glove hag, tn give A

bright{vellny solution of the vlid. The concentration was

found ?,'K\ he 0 THH M A~ determined by titvation of the ph(ﬁ?rh
orane wi.r,}\ A standard enlnutrien of hanzr‘»ic Aacid in keneene

. N
The s-*'ﬂ\"\nn vas atored andey arpgan A+ 15

\ 4*v )



Phosphorane (64 '

The procedure followed

Sommer and Bestmanﬁ.lllv

" A salt-free solutlon of the methylenetriphenyl
phosphorane (270 ul, 0. 039 M) was added to a solution of
the 1m1dazollde 63 (5 5 mg, 0.03 uM) in dry benzene (100'
wl). After stlrrlng at room temperature for 3 hours, the
mlxture was diluted w1th ether (4 ml), washed wlth water
(1 ml), saturated aqueous sodium chlori@e (1 ml) Qndhdried
(MgSO4). Evaporation of solvent gave 9.9 mg (89%) of‘éﬁ_

as a colorless oil.

PHYSICAL DATA FOR 64

14

L (C0C13):  50.8-1.1 (m, 6W), 1.2-1 & (m, 8H), 215
(bs, 1H), 3 35-3.8 (he, 1H), 7.2-7.8

(m, 15H)

/

as that reported by Staab,
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Imidazolide (65) )

e e —— ¢y o

“
To the methyl eestor 60 (' 4 meg, 0 000 mit)y §in dy v
ﬁPf‘hy]r’HD (‘l\](\y‘j‘ﬂﬁ (”On ‘l].\ (o il 19(1 t o 1(’“ waea adda .p,qr'q\“\ !

diin*"da'zn]p (3 92 meg 0 O]R n‘T'\ and the Yeact inn ot i yeed at

thir temperature for 8 houre . The ralvent “na (Ter yen o
and the racidie tyiturarted wiph (1;' Pentave (T 1w ) Th
comhine (\'p‘."vrn" Taver: were 4‘7704 (N‘?l’(‘/‘\ A N R P T
remnved tn give 2 me (A7) o f St a o lea e ol h
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1;\@az Jide 65 (3 3 me, 0.0077 mM) 1in
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Ethyl B -Hydrox

ybutyraqév(gﬁ)

The procedure fallaved w;e that reported by
Hﬁngo.114 Fthyl acetoacetate (13 g, M. 1 M) wae dinanlved
in methanol (100 m1) and tha enlutian cooled tin 07 Qadioe
horvahydride (1 0 g. 0.75 M) was added aver ca. 20 minutee

to the rapidly stirvrred colutyapy Aafter which the solurion

wae aljleved t0 gtir at thi- femperatuvye for o adijirimanal

i hony e The egolutinn woa then ac1Adifiecd o PttA s wdit
agurencs DN 'n"“ynn")nvir' acid and cancintyated t- a v lome
of ca 0ot The aquennre ) agai e A extyacted with ef e
(¥ % A ml) dAvied (N37R”4)'and the anlient 1 apmmyed 1 e
ovd: st v wae r v ified B Met "1lati - n (1, : | IR '
PO R T (68 T B !

TV (A AT tep PR
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B -Hydroxybutyric Acid (69)

The procedure followed was rhat veparted hy McCann

and Crnvi]lo.lls

Ethyl R-hydroxybutvrare 68 (8.46 g, 0.065 M) was
w \
suspended in water (?0 ml) and aqueons 4 N sodium hydroxide

(16.25 m1) was added dropwise to the stirred solution.

R
. srirring wns:’('(mrinued fFor

After rhe »ddition was complete
14 hour~. Tho\nn]nr'ion wae then acidified teo pH=2 with an \»,1
]

aquecue S N sulphuric aeid The use of continuous extrac. .

tion with erher aver 14 hours, follrwed by Aiying (ancoa\
of thn m ganiec lTover and removal o f o lmng e lded TN g

{ 35" P A Y [ RIS IR TR v d o
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70) °

<

The procedure followed 'was that reported by McCann
3y -

and Crevi]le.'115

Resolution. of B-Hydroxybutyric Acid (

Quinine monohydrate was dried to constant weight
over concentrated églphurié acid in vacué. To a?solution
of R~hydroxybut§ri§ acid 69 (5.01 g, 0.048 M) in acetone
(40 mi) was aaded\qéinine'and the mixture was réfluxed
until the golid dissolved. Theé solution was cooled tn 0°
and allowed to stand ar this temperature for 24 hours. The
precipitated L-(+)-quinine salt was filtered off and the
filtrate concentrated to give a solid residue. The solid
was triturated with ether and then with petrbleum ether.
The crude salt was recrystallized from warm water (below
70 using ca. ? ml of wate% per gran of solid. The sol-
utig; was filtered ;o rem6Ve insoluable impurities and
allowed ro stand at 0° for three days. The recrystalliza:
tion pgrocedure was repeated twice more to give §5.98 g (287)
of the D ¢-) =alt mp £0-65° (literature mp 60--70n with /4 8

molernles of water of crvatallization)

The Q~(")~quinino s?]t (5.98 g, 13.4 mM) wase sus.
pendéd in water (]5 ml) and an aqueous sn]phurig acid solu-
tion (4.8 ml), prepared by mixing 3.2 ml of water and 1.6
m} of concentrated acid, was added dropwise to the stirred

4 : .
mixture. A precipitate of quinive silfate appeared, hut



t

re-disdolved The aqueous

s the acidification proceeded.

solution was- contlnuously extracted with ether for 12 hours,

d‘(MgSOA) &nd the solvent removed to

give70ﬂ96 g (697 based on the é}k/) -quinine salt) of D-(-)-
B -hydroxybutyric acid 70

.The optlcal rotation-ef a solutlon of the resolved

acid (0. 3?29 g, 3.19 mM) in

[o ]20~~25 } (literature [a] —-25~8)-115

ater (6 ml) was found to be

This‘acid was dir-
ectly converted to its me(gylféster.

200.
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R-Methyl-g-hydroxybutyrate (Zl)

(0.33 g, 3.1 mM) was dissolvé

A solution of D( fB—hy%roxybutyri; acid 70
in ether (5 ml) and treated
with excess ethereal diazomethaﬁe. The SOlvent was removed

and the residue dissolved in ether (10 ml), dried (MgSOa)
and the solvent removed leaving 0.368 g (99%) of 7/l as a

yellow o0il. This ester was used directly in the next step

without further pufification.

PHYSICAL DATA FOR 71

A

1

H nmr (CDCl3):  §1.2 (d, 3H), 2.45. (d, 2H), 3.1 (bs, 1H)
3.7 (s, 30), 4.2 (m, 1H).

201.
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R-Methyl B—(24Tetrahydropyrany1)obeuty}éte (72)

Dihydroyyran was dried over N32C03; digzakled,

and distilled once more from sodium.

"} R-Methyl 8 -hydroxybutyrate 71 (0.368 g, 3.12 mM)
was dissovled‘fg chloroform-(3:ml;a After cooling to —70°,w
dihydropyrdﬁi})/ml) and triﬂiuogoacetic aciq were added to H
the stirred solution and then the solution was allowed to
wérm to room temperature. The mixture WQé then'stirred at
room témperatﬁre for 2 hours, diluted to 40 ml with chloro-
form, washed with aqueous saturated sodium carbonate (3 x
15 ml) and aqueous saturatgd éodium chloride. (1 x 15 ml),
gnghdried (NaZSOA). The solvent was removed and the resi-
dde chromatographed oveé'silica gel (20 g) using pentane
as eluent and gradually changing to pentane and éther 1:1,

to give 0.61 g (967) of Zg as a colorless oil,

FHYSTCAL DATA FOR 2

1

Hoamr (6DA13): A1.20 (m, 3H), 1.54 (m, fH), 2.50 (d, 2H)

?

3.45-3.90 (m, 2H). 3.50 (s. 3H), 4.30
(m, 1H), 4.72 (wm, 1H)
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33—(2-Tetrahydropy;anyl) Xybutanol (Zé)

| A

The tetfahydropyranyl ther'Zg (0.6 g, 2.9 mM)
was d;ssolved in anhydrous ethef‘(S ml) and added dropwise
over 10 minutes to a stirred solution of lithium aluminum
hydride (0.22 g, 5.8 mM) in anhydrous ether (5 ml). After
30 miﬁjtes, the reaction was quenched with saturated aqﬁeous
sodium sulfate and the layers separated. The aqueoug.layer
was washed with ether (2 x 10 ml), the’combined organic
extraéts dried (NaZSOQ) and the solvent removed to give,

~

presumably, 73 as an 0il. Due to the ease of migration

;.Pf the'tetrahydropyrany] group to the primary alcohol’109

this compound was immediately oxidized to the aldehyde.
PRYSTCAL DATA FOR 73

1 ' ~ e .

H pmy (CDCI ):  61.19 (m, 3H), 2.38-2.94 (m, 8HY, ¥ .35

(bs, 1H), 3.32 4 .14 (m, SH) . 4.5k (m,

N

1H) e

glpe (UC WOR) . 160°
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-35—(2‘Tetrahydropyrany1)oxybﬁtanal (74)

3

The alcohol 73 (0.35 g, 2.0 ﬁMj'aAd pyridinium
diéhromate‘(0.75 g, 4.0 mM) were dissolved in dichloromethane
(12 ml) and stirred for 24 hours at room temperature. After
this time,.the suspension was diluted with ether (20 m1)

and fi'ltered thfoﬁgh-magnesium sulfate. The solvent was

‘-\

removed and rhe residue purified by column chromarography
over 5111ca gel (5 g) u31ng ppncane as e]uent and gradnal]y

changing to pentane and ethevr 1:1 to give 0.3 ¢ (852) of Zé,

as a colorless 01’1.”6

¢

#PHYSTCAT, DATA FOR 74

. bp: 109-110°. 12 mm

\

\
AN

o . .
TH e (CPCT = 4119 (d, J,=6.0, 3H), 1.55 (m, 6H ),

\ 2.52 (m, 2H), -3:/5-1.9 (m, ?H), 4.2%
\ (sexrer, 1sevt’.erfs's' THY . 4 72w,

TH), 9 RS (1, T 5

glre (UIC WOR) . 150"

/ ¢
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‘Formylm thyltriﬁhenylphosphorane (75)
'y N

\

The procedure followed was that reported by Trip-
ert et alNﬂ ‘

. LS

To a g}irred suspension of méthyltripheny1phos:
phonivm hromide (]6.7 g. 0.029 ﬁ) in ether (100 ml) wasg
added erher::? 1.16 N butyllithius (25 m1, 0.03 M) and
the #mlntion was stirred at room temperature for 30 min-
utes. After this time, the pth;real solution was slowly
added to a stirred solution of ethyl formate (2.7 g. 6.0??
M) in ether (50 ml). After an additional 30 minutes of
stirring, the solution wa-s extracred with aqueous 57 Hydro-

R

chlevic acid (? x 100 wl) and the combined extracts made 4
alkaline (pH-10) with aqueous ﬂ.‘S\N godi!‘vm hydroxide. The
aqueous solution was extrarted vith benzene (2 % 200 ml)
and the sel-ent removed to give 6 1 g of 75, Thije ";“lid

was quicll]: Tecr vyt al Y ieed (o mrmb e 1. n;'; T Ty

nf el i

-

FHVCTCAT PATA Fyp 75
mp - 186 ])'77“ {de~opmp)

Elemental
Analveio. aledd oy 'q”H]7(')T‘- C 78 01 W 5. R7

[IFEERTTVE I [ ¢ S ¢ R 1M 5 .
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Sgﬁ(2—Tettahydropyrany1)oky—2-heanal (76)

1206,

-

. . : »

\ A solution of aldehydévZQ (O{g-g, 1.16 mM) qd
phosphorane 75 (0.35$g, 1.16 mM)Tinlbenzene (10 m1) was
refluxed for 17 hours. After thfs time, the solvent was
removed and the residue chromatégr%phed“bvér silica gel ™
(4 g) using péntane and gradually changing to pentane and
ether 1:1 to give 0.11 g (507) of nldehyde 76 as a aclor

less nijl.

PHYSTCAL DATA FOR 76

1H nmr (p“ﬂ1q)- 8§1.292 (m, QH). ].4.].g_£n, fH), 2.53 (m,
2H) . 3.45\(m, 1H), 3.85 (m, 1H), 4.0®
(m. TH)., 4.58 /m, 1H), 6.14 (m, TH)O.

6.88 (m 11N a9 6~ oy LSRR R ¢ A

glpe (e woeny . 100°



Sg—Hydroxy—Z-hexena} (ZZ)

e s o . e s s e e +

The aldehyde 76 (30 mg, 0.15 mM) was diesolved
in a solu;ion of aceténitri]p and methanol 9.1 (2 ml) which

was 0.1 M 4n trifluorcacetic acid and stirred at v \om remp

erature . After 5 hoursg, the reaction wan conplete (na faol

lowed by 1), the enlurian diTuted with they (10 m1)

oyl

washed it} saturated sodinm carbhiopate (2 v 10 1Y and

Aqueous saturated modinm chlaride (1 % 10 g1) The creanie
solution wne dyjed /Nn?SOAW and the eolvenr o ap, o0, o
Tomg (0T G f 77 aa oga pale, vn]1;w ni
PHYSTCAT DATA FOp 77
- A
U R "1.15 (d. 1d"4 0O, My, 1R (g 1y

2.4 (-,\. Y, 2 oy (. 'THY , 4 18 (.

THY 0

ty

207,
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8- .(ZZlTetrahydropyranyl) oxy-3, 5 adien-2-one (78)

t l\ I‘\..

\ .
Asmixtiure of aldehvde 74 (50 mg, 0.25 mM) and

phosphorane 88 (80 mg, 0.725 mM) wasg refluxed in dry ben-
épnn (2 m1) for 14 hours. The =alvent was remhved and

the reaidue rrfrurarga with dry pentane (4 v ¢ ml) . he
residue war ohfnmvtngraphnd aver silica gel (2.5 g) nusing

pentane ae elvent and g adually thanging ta peatane and

?th“’ ]-‘! f"“'ihgﬁ S me (7""{" ~f 77 ae a pnln "1\‘1(\v‘7

‘1' |||;1'
FHYSICAT DATA FOR 78§

AL o ‘l‘ 112 (4, IH 6.0, 3, 1.4 2.0 {r, 6H),
2'].?.7 (w, Qn)' A (

1K) 1 o fw, THY 4 SRR ;

[ L A ' T

208 .
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3;5~nﬂnadien9~2wnne (79)

The Vet one 78 (24 mg, 0.1 mM) was dissolved

a soluticn of methanol 9.1 (1.4 m1Y which was 0.1 M j§n

tyifluorenccric arid. The mwixtnure wng etirred at reoom

tempernt vo foy 16 hoavya affen whiech time no atar ting

mnterial wae rrparent hy t1n0) Worl p as fov 77 gave

a 1ellow il Co T mmm Whv'wnvngr'phv cver eilicen gel

in

(1 g) tng T Tor Farm ana cTuert and orady 13 chavgin
t - v i ' -up!"qul.‘ e A 4] g { o DI B

LALAA ARSI KV IVARR R X'

o 3
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PART IT: NFW REACENTS FOR ORGANTC SYNTHFSTS

» . . /

{

-
CHAPTER 1: SELECTIVE AND DIRECT ACTIVATION OF 0-ESTERS

¢ o e e b S v ety 2m Ao e 4 et it emimmt av W1 w12 o=t o 1 o < mmcias e

CONVERSTON OF PHENYL AND 2,2,2-TRIFLUOROETHYI. ESTEPS

| e e————— e e+ ——

INTO ACYL. IMIDAZOLIDES
Ly
LF . {
The protection and activation of carboxvlic aride
Aare impartant svnthetic operatione, Synthesig nf naturallw
occurring macrolides often requive: (12 differentintion
between twe (or more) carhoxylic acids nf 3 synthetic inter
madiate bv meanae of appvnprimro'brﬂ!écrinn, and (2) aelectiva
artivati-n of only one greonp under mild, neutral condirions
A useful transfoarmarion in macrelide eynthesis i+ one wheare!
only ove of twe O ecrorg (but not 0 and & mived estere) nof

a compound conld bhe ronverted gelentivaly and dirertr 1y int

a reartive funetiong) group that wonld he veeful in euhge

quent op<ra’ inna A prohlem omreanlye encennteoyod durving
attemrpte at Aivert metiyait iy of ecatiyra 3 thnt oo (] odv.
voonet 3o i vean'ly alow oo re Cole ! '

Peoct - Y peny o (1)



Suppression of the reverse reaction can be accomplished by
L

removing OR in Equation 1, by selecting a proper reagent.
(MY in Equation 2). Requirements for MY are such that Mt
is a hard acid wirh a strong affinity for oxygen and a soft

L} 4

base Y (relative to “OR) A good choice for M4 is R3 Si

Fhenyl and 2,2,2—trif1vﬁvmethyl (R') esters are hoth poten-
tial protective groups and can be readily converted iﬁto
the corresponding acyl 1m1da7011des upon treatmpnt with

N- rrumprhy147]y11m1da7ole (MY) at room temperature. Thisg
Teaction can be initin ted hv a trace amount of sodium phpn
oxide. In many ways, the acyl imidazolide (1) ig similar
in reactivity to that of an acid oh]oride.llq Freparation

136

of a !riphenylacv1methyloncnhmsphnrane and a ketoegtor

1720
"eing this species has heon reported ¢
Formation of the acyl dimidazolide Proceeded well
with phenyl estera of aromatic, primary and secondary car
¢
boxylic acids (in all caces ign]arpd vields were preater
than 907 Onantitatrive acvy] imidazolide formation wan alen

poseible with 46 2,7.7. h'"if‘n!‘roethy7 estera of thege cnr

hewylie geide Fortvnatraly g texrt butvlthinl and ally)
1 AN
ccetera Adid nar TPACt ney (did the henzen: thiol ecterea Theeo

entern ware rhoypfoyp' dw'nru'n;wly\"ghn!-]v fyrem rhenv ]l and

[ T T}
’ B

fr 3 Yy et gl Rty @
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i

RErOCGHS : N 0
+ (CH3)3si—N 15 min, rt. R'C___.,(;N
" NaOCgHs \9'
RCOCH,CF4 : (trace) 1
R=—

’M\/\(\Me 1 n_p'enty'

Esters of 2-methylphenol and 4-me thoxyphenol are
converted /to the acyl imidazqlides as rapidly as phenol,
bowever, the 2,6-dimethyl phenol ester fails to react even

in refluxing tetrahydrofuran, presumably because of steric

demands .

!
Since acyl imidazolides behave similarly to acid

chlorides, reaction with an ROH with sufficient acidity 1is

expected ro, and does, give the corresponding ester.

f
1~ RC

X X = OCGHS JOCH, CFS' SCGHx;

| 0 o]
— I
RCCH "“(‘a”s)q or nrl Il
-~ ‘\.\_“n...

R

An example of the applicability of an acyl imida-
zolide which has been naed ae a model in macrolide synthesis

ir decerrihed.



.‘+—‘—CHZHO—{“— ES/\L(;i\\E/lNL‘
+ N

The advantage offered by this procedure is that

AL

hydrolysis is not required in the acti&gtion of the ester,
therefore eliminating the possibility of undesired side

reactions such as reverse aldol condensations or dehydra-

tions.

213.



CHAPTER 2: EXPERIMENTAL

Preparation of Phenyl Esters

In a typicallexample a solutlon of the corres-
pondmng acid chlorlde (0.034 M) in benzene (15 ml) was added
dropwise to a cold (10°%) stirred solution of the phenol o
(0.051 M) and pyridine (0.051 M) in benzene (60lm1). The
reaction mixture was-stirred.at'roomvtemoerature for 14
hours and then filtered through a sintered glass'fonnel.

The organlc solutlon was then washed successively with
water (20 ml), aqueous "1 N hydrochlorlc acid (2 x 20 ml)
water (20 ml), aqueous 5% sodium carbonate (2 x 20 ml),

water (1 x 20 ml) and aqueous saturated sodium chlorlde
\\(1 X 20 ml). The organlc layer was dried (Na SOQ) and the
solvent removed Purification elther by distillation or
column chromatography.gave the phenyl ester in almost quan-
titative yield. Substitution of the phenol for thiOphenol
gave the corresponding §—phen§1 estervand substitution fér/
.trifluoroethanoi gave the trifluorocethyl esters. The -S-
ﬁg{t—butyl thiol ester was obtained as described iﬁ Part I

of this thesis.loo

214.
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Preparation-qf Imidazolides from' Phenyl Esters

Oto—0OLs

To 'a solution of phenyl cyclohexane cafboxylate‘
1 (190 mg, 0.95 mM) in anhydrous tetrahydrofuran (10 ml)
in an afgon filled glove bag, were added sodium phgpoxide
(2.3 mg, 01023'mM)‘andvtrimethylsilyl imidazolide (170 u1,
l;l mM).'.The reaction mi#turé was stirred at rodm‘temper-‘
"ature for 15 miﬁuges and ﬁhe solvent removed ﬁnder reduced

[

pPressure. The,reacﬁion could be followed.by infrared spec-
troscopy Sinéelfhe Startiﬁg ester appears at'about 1760 cﬁjl
and the imidazoliée at 1740 cm™l. The side“proqucts;,t;,h,afe;~""" '
fofmed‘during the reaction were removed with a vacQ;m pump .
To fhe remaining pfoduct was added cyéiobéxane (3 mi;'andx
the gsolution wés filtered. The soivent was removed under
reduced pressure to give 159 mg (96%) of white solid 2.

The reaction could also be carried out in cyclohexane as

solvent, rather than tetrahydrofuran, withithe same results.

215.
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} i . . -4 . . B
'?HYSICAL.DATA FOR 2 SR
bp: | 87-885 (O.3hmm)
ir (cci4):- 1740 (s)
1 . |

H nmr (CDCL,):  61.3-2.0 (m, 10H), 2.9 (m, IH), 7.17
(m, 1H), 7.53 (M, 1H), 8.25 (m, 1H)

' . ' i m
Mass Spectrum: . caled for ClOHlANZO: —/e

'178.1106

| m

—
~

' measured: .78.1104

— . R
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Preparation of Phenyl Esters from Imidazolides

v

Olo—0to

To a stirred solution of imidazolide 2 (168 mg,
0.94 mM) in cyclq@exane (10 ml) was added sodium phenoxide
(2.3 mg, 0.023 wM) and phenol (104 mg, 1.1 wM). The reac-
tion was stirred fbr 15 minutes during which time imidazole
precipitated as a white solid. The reaction mixture was
filtered and the solysnt removed under reduced pressure to
give 190 mg of residuai.ai] which was purified by prepara-
tive thin layer chromatographyv, using chlareferm as elnent |

to give 184 mg of 1 ag an ~i].

PHYSTCAT. DATA FOR 1

bp - 94 (0.5 om)

ir (cc1,): 1760 (s)

"Honmr (0PC1)- A 1.0-2.5 fm, TIH), 7.0:7.6 (m, SH)
Mass Spectrim: ealed for €M) 0,0 Be - 204.1150

measured : W/e - 204 .1151
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Preparation of S-Phenyl Esteéé from Imidazolides

L]

Ly O

2N 7

To a stirfed solution of imidazolide;g (168 mg,
0.94 mM) in cyclohexane (10 ml).was added sodium phenoxide
(2.3 mg, 0.023 mM) and thiophenol (121 mg, 1.1 mM). The
reaction was stirred for 15 mlnutes duridg which time imid-
azole prec1p1tated as a whnre 9011d The reaction mixture

was filtered and the solvent removed to give 223 mg of oil

which was purified by préparative thin layer chromatography,
using Skelly Rsérhy1 acetate 19:1 ag eluent ., te pive 2171 mg

(96%) of 7.
FHYSTCAL DATA FOR 7

bp- 1087 (011 mm)

ir (Ccl )y 1705 (=)

Honme (ePETY . 63 059 5 (m LI, 7.38 (a, 5K
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Preparation of Imidazolides from

Trifluoroethyl Esters
ﬁ —- -
G OCH lf,(:}":2 . . - . @ . N/.\ T
L \ .~

3 2

K
o

To an argon purged flask containing a magnetic
stirring bar was added sodjum phenoxide (2.3 mg, 0.023 mM)
after which ir was fitted with a serum cap. The flagl wae
placed inside an argon glove bag and trimethbvlailyl imida
zolide (170 1, 1.1 mM), cvrlohexane (10 ml) and Friflues
oethyl ecter 3 were added The mixture vas stirved for °
minutes . The enlvent trae rewnved with - vacuum pomp an-l
the flacl rpened to an arpgon atmoaephe o “arhon tertyn

chloride (4 m1) wae addrd and vemewad Tt o ey

tey i 160 me (NNYMY L i D
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Preparation of Trifluorcethyl Esters

- — e 0 aee A

from Imidarclides

o)
I = CHa(e ";»‘bu'clomw"
(‘ll._.,lr'u:,\cuc....._v;/\‘ . .
et ‘ f,
Jm:,' " HoCl s
14 19

T n ativyeand eyt inn af imir]:;?()]_i:'o 16 (1713 nogy
T mM) in cyvel bavane wae added aeodivm rhevaside (9 we
0O 027 M) and vrw'f'.]uhrnpr}!nv-rﬂ (101 mwe 1 mM) The yve 1
\

tion waae ativrvye vigorovely (<cip e trifluryerthanel e anly

slightly eoluble §n oyelahe sane) foy 47 LR SL LR FIEEE NIV SR SLIE P
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Preparation of Trimethylsilyl Imidazolelz]

' /=N /=
R O e T O

Tr hexametlivx1dicilazane (24 .9 g, 150 mM) in =
50 1 flask was added imidazcle (11 p, 162 mM) and two drape
of concentrated enlphuryiec aecid. The rpgnlfjng mivture wan
refluxed at 100" for 1N rinutea, and then ar 1407 for 2

honre . The reaction mivture was distilled (13 mm) mabing

sure that the atmosphere contained enly arvpgon sinece the

prodict  as e rrerely woicture gencitivh . Cfeme low heildine
nater ' ! ' ot vie a1 0y, T % R ,i; 20 T T S R ey
1o
LI B IRV B [IRY | BOEK] N Y
HJ,”, (7
hr
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. PHYSICAL DATA FOR 3

i

" onmr (CDCly): §1.1-2.6 (m, 11W), 4.5 (q, 2H)

PHYSICAI, DATA FOR

[~

"onmr (CDGY ) §1.1-2.2 (m, 1IH), 3.8 (s, W), 6.95
(d, 4H)

PHYSTCAT, DATA FOR

o

1“ nmr (CD”.1,!)' §1.1-2.8 (m, 1TIH), 2.15 (s, 3H), 7:.15

(m' IIH\

FHYSTCAT. DATA FOP 6

1'1 Fatmy ((”"‘(.'151\ r 'ﬁ] _] ?8 (")‘ '1}1\ . n ‘ (ﬂ' r“i " 7‘()'-;

(m, M)

FHVETOCAY DATA FOP &

|
ommy (D01 LV 25 fm TIHY L 1S (e, o)



H nmr (CDC1l

H nmr (CDC1l

~

T onmr (CDO1,) -

R R— (ePe1 ) -

3):

H nmr (CDClB):

3)

H nmr (CDC13):

PHYSICAL DATA FOR 9

61.1-2.4 (m, 11H), 3.6é (s, 3H)

PHYSICAL DATA FOR 10
7.4 (m, 4H), 8.5 (m, 4H)

(-

PHYSICAL QATA FOR 11

" )
§3.9 (s, 2HY, 7.4 (m, 10@

PHYSICAL DATA FOR 12
60.8-2.2 (m, 14H), 2.5 (m, 1H)4 7.25 (5H)
&

FHYSICAL DATA FOR 13

50.7-1.98 (m, 11H), 2.5 (tr. 2H), 7.25
(m, S5H)

PHYSICAL DATA FOR 14

57.1-8.2 (m, 8H)

226.
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! . PHYSICAL DATA FOR 15

Woomr (CDC1,): 4.2 (s, 2H), 7.1-7.7 (m, 7H), 8.2

(m, 1H)

14

PHYSICAL DATA FOR 16

M onmr (CDCL):  §0.7-2.1 (m, 14H), 2.95 (q, 1H), 7.15

N (m, 1H), 7.65 (m, 1H), 8.3 (m, -1H)

PHYSICAL DATA FOR 17

" nmr (CDCL):  60.8-2.7 (m, 11H), 2.9 (t, 2H), 7.15
(m, 1K), 7.60 (m, 1H), 8.3 (m, LH)

PHYSICAL DATA FOR 18

——

H nmr (CDC1,):  64.7 (q, 2H), 7.3-8.2 (m, SH)

-

1

PHYSICAL DATA FOR 20

M onmr (CDC1,):  60.8-2.0 (m, 11H), 2.4 (t, 2H), 4.5
(q, 2H)
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PHYSICAL DATA FOR 21

' nor (CDCL,): - 63.5 (s, 2H), 4.35 (q, 20), 7.2 (m, SH)
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“Preparation oflclutaric‘Anhydride'(gg)

X
Y

L » | - 22~

'The procedure- followed was that reported by H.D.

122

Zookfhnd J,A.;Knight. The reaqﬁion'was carried out in

" the fume hood due;to‘the evolution of HCl. -

A mixture of glutaric acid (13.2 g, 100 mM) and
freshly distilled aeegyl chloride (23;6 g, 300 ﬁM)’Was'rej
fluxed for 3 hours;.‘Tﬂe.reactioﬁ was cooled to foom temp-
erature and the excess acetyI.Chloride and acetic anhydride
,£ormed in the reaction rembﬁed under.reduéeh.préssure using
a water aspirator. The 6il§ residue crystallized upon
scrétéhing,and the crude product was recfystailiiéd frém

ether tg'give 10.4 g (91%) of white solid.
PHYSICAL DATA FOR 22

mp: Sé-Séo

ir (cnciS); © 1815 (s), 1770.(s)

THoomr (CDCLy): 62.1 (m, 2H), 2.8 (m, 4H)
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Preparation‘of Phenyl Hydrgﬁeu'Glutarate (23)

N
.

] The-procédure*%oilowed was  that reported by H.
Vogt and W. Rosenberg.123 (/

3

-

. A mixture of glutaric anhydride (10.0 g, 87.6 mM) ¢
and phenol (8 25 g, 87 6 mM) was heated to 130° for 2 hours
The 011y product was dlstllled at reduced pressure to give
14. 2 g of product (bp 158- 163°, 0.5 mm) .  This material was
dlssolved in etber (300 'ml) and extracted pithlaqueous,sat-
urated sodium bicarbonate (5 x 50 mi) The aqueous layer o~
was cooled to 5 and cautlously acidified w1th aqueous 2 N
hydrochlorlc acid and then extracted w1th toluene (5 x 100 \

ml). The comblned extract was drled (NaZSOA) and evaporated

to give 9.6 g (537%) of whlte crystals.
PHYSICAL DATA FOR gg
. mp: | _— 43-44°

ir (CHCL,): 3500-2500 (bs), 1760 (s), 1710 (s)



231.
H nmr (CDCl,):  62.1 (m, 2H), 2.5 (m, 4H), 7.3 (m, SH)
| '10.5 (s, 1H) | |

. b
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14

Preparation of Phenyl Chloro Glutarate (24)

Ph Ph

Y

To a stirred solution of 23 (1.04 g, 5.0 uM) in
anhydrous benzene (40 ml).was added oxalyl chloride’ (1.9 g,
15 mM). The reaction was stirred at room temperature for
 3 héurs:;nd the solvent and.egcess oxalyl chloride removed“
under reduced pressure to giﬁé 1.13 ¢ klOOZ) of a colorless

iiquid which was used directly in the next step.
PHYSICALQDATA FOR..24

ir (CHC13): 1800 (s), 1760 (s)

-~

1

Honmr (CDCly):  62.15 (m, 2H), 2.65 (m, 2H), 3.05 (m, 2H),

7.3 (m, 5H) ‘
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Preparation of Phenyl S-tert-Butyl Glutarate (22)

To an ice-cooled solution of 24 (1.13 g, 5.0 mM)
in anhydrous ether (40 ml) was added thalliﬁm (I) 2-methyl-
propane-Z—thiolate'(l.AS g, S.O'mM) The yellow color of
the thiolate dlscharged 1mmedlately Tﬁelreaction was
stlrred for ca. 2 hours at room Gpmperature in order to
allow the thallium (I) chloride produced in the reaction
to coagulate. The reaction was filtered through Celite
and the ether washed with aqueous 0.5 N hydrochloric acid,
aqueous saturated soéium bicarbohate and aqueous saturated
sodium chloride. The ether was dried (NaZSOA) and evapor-
ated. The product was distilled to give 1.36 g (97%) of

a colorless liquid. '
PRYSICAL DATA FOR 25

bp: 120° (0.05 mm)

s

ir (CHQ1,) ; 1760 (s), 1680 {s)

/

!
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Y onmr (CDCL,):  81.5 (s, OW), 2.2 (m, 2H), 2.65 (m, 4H),
7.3 (m, S5H) |
Elemental : '
Analysis: caled for C15H2003S: C 64.26, H 7.19
| 0 17.12,'s 11.44
found: C 64.20, H 7.16

0 17.17, S 11.46



Preparation of Imidazole §—tert—Butyl Glutarate (26)

/a\o (\\~N
i L N
o2 26

To a solution of 25 (28(). mg, 1.0 mM) in anhydroue
tetrahydrofuran (10 ml) was added tr‘imetﬁylsﬂyl imida~nle
(150 ul, 1.1 mM) and sodium rhenoxide (10 mg, N1 mM) . The
solution was stivred at room temrerature for 1 hour and the
solvent evaporated The residue was left on high vacium
(0.01 mm) for 1 hour in order to remrve volatile “ide pred
ucte and unreacted rrimethyleily) imidasr . le The veeidue

“
was diseolved inpn cvelohevana (10 m1) and filtarad ra yeme -
the catalyet. The colvent wa= eraprrated ta gie 260 ng
(1007), due te a omall amaunt nf trimethyl=ilyl phannl
still precent, of a colorleee Pigoadad vt venqe viee 1 a1,

cotlv for the nest reaet ion
®
FHYSTCAT. DATA YOP 726
ir (0HV1}\- 1747 (=) 1600 (o)

,” iy (1) .‘\

—

/o 7N AT B TN m IR
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4

2.9 (m, 2H), 7.05 (m, 1H), 7.45 (m, 1H).

8.15 (m. 1H)



Preparat:on of tert- Butyl Trlmethvlellyl Acetate (27)

e e e s e s e e T et s s e e e e e« e 4 L et v %4 e

|
("H,q(‘n { , o wm H?CO

_,_,,_
O
Q"0
_L-

27

The rrveedore followed war 1 hat vepovtad by MU
124

Pathl
Te aVvydyous tetvahydr~furan (150 ml) was ﬂddeq]
n-butvllithiin “"exane /38 m], 1.3 M, 50 mM). The s(\"lu.—'
tien wae ooled oo 07 404 difeopropvlamine (5.15 g, 53 M)
was added dvopeice over 5 minutes. After 10 minutes ar 0
the enlurion wae croled ta - 78" and .t'_er__t.v-huty] acetnte
(5.8 g, S0 MY wae added rh'opwiqp ~er 10 minut . The

. . .0 .
Yeacticp "ne atiyyed at . 7R for 20 minuten gnd (ve.ehly

dietill. o trimet'ylicehloraeil ane wie addad (20 Y, larpe

evreae) and then the conling barh a8 emeved Aray the
Yenet iorn v aphed Yoom tempeyatnre . e “~olvent waea evancy
L} . - .
ated ar nder v adny ~( Pregdau: e The yeraidog] 11:1\11r1
(rnn!::’p'n; TiCl1Yy e dicetilled videy A2 ERRATIRS B ey et
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bp:
ir kneat)

]H nmy (CDC1

3
»

3)

PHYSICAL DATA FOR 27
67° (13 mwm)

1715 (s)

$0.05 (s. 9H), 1.35 (s, 9H), 1.80 (s, 2H)

238.
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a

Acylation of Imidazole §—tert-Buﬁy1 Glutafgte (28)

-

= i i
o T — Gt
Ak T -

28

——

The procedure followed was that reported by M.W.

R_at.hk"e.]'z4

: To anhydrous tetrahydrofuran (10 ml) was added
n-butyllithium in hexane (770 ul, 1.3 M, 1.0 mM). The sol-
ution was cooled to 0° and diisopropylamine (110 mg, 1.1 mM)
was added. After 1 minute, the solution was cooled to ~78°
and Egzgffutyl trimethylsilylacetate 27 (188 mg, 1.0 mM)
in anhydroué'tétrahydrofuran (1 ml) was adaed dropwise aver
S minutes. The cloudy solution was stirred at -78° for 10
minutes and imidazole g@_(?SA mg, 1.0 mM) in anhydrous tet
rahydrofuran (] wl) was added dropwise over 5 minutes to
produce a clear yellow solution. The reaction was stirred
ét -787 for 1 haiur and the cooling bath remnved., Afte¥ 15
minutes, the reaction was quenched with aqueous 2 N hydro-
chloric acid. The reaction was concentrated to ca. 2 ml
and diluted with toluene (25 ml). The organic layer was

washed with aquenus 0.5 N hydrochloriec acid, aqueous sat-
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urated sodium bicarbonate, aqueous saturated sodlum chlorlde
vdrled (NaZSOA) and the solvent evaporated The residue was
chromatographed over silicic ac1d (15 g) using ether:hexane

1:1 as eluent to give 208 mg (697) of 28 as a coloriéss

liQUld. v
PHYSTICAL DATA FOR 28
ir (CHClp): - 1740 (s), 1712 (s), 1680 (s)
"M nmr (CDC1,):  61.50 (s, 18H), 2.0 (m, 28), 2.5 (m, 4LHY,
3.3 (s,
Elemengal :
Ana1731s: . calcd for C15H26 4S: C 59.57, H 8.67,

0 21.16, S 10.60
found: C 59.46, H 8.63
0 20.32, S 10.32
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‘CHAPTER 3: PROTECTION OF HYDROXYL AND CARBOXYL GROUPS
. “. ‘ . . ' ‘\‘

In connection with the synthesis of macrolide
.antlblotlcs there arises a need for a n’protet:tlng group
' that serves to protect bo"‘hydroxyl and carboxyl functions.
This group should,be reaéfnahly stable towards acid and
base, and should satlsfy the usual criteria of a brotect-
ing group - eff1c1ent blocklng and deblocklng The MEM

'brgcklng groupl?"5

and selectivity of trimethylsilyl iodide126
in hydrolysis of benzyl and tert—butylbesters, Suggested
.the methoxy methyl group whlch has not been w1dely used
due to the drastlc condltlons necessary for its removal

We have found the use of trlmethylsllyl bromide is a par-

tial solutlon to this problem.

hY

The formation of MM ethers of primary, secondary
and tertiary alcohols, and primary and seeondary esters,
proceeds cleanly and in reasonably good yield. Some exam-

ples are included in Tables 11 and 12.

A comparative study of the acid'stability of
several acetals as O.llm solutions in anhydrous methanol
contarning 0.2 equivalents of trifluoroacetic acid, at
room temperature, geve the following times for.complete
‘hydrolysis as-followed by glpc: 9 (<10 minutes), 10

“_; (3 hours) and'll (é hours)..\The MM ether was recovered -3

‘quantitatively even after one week under these conditions.

241, . @
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Compounds 3 i and 5 were recovered in nearly
quantltatlve yield. when a 0.5 M solutlon was treated with'

(1) 6:1 acetic acid, H,0, 5 hours; (2)-trifonroaeetic

acid, 2 equivalents, methanol'or‘tetrahydrofuran,'16 hours;

(3). aqueous Z-Evsulphuric aeid, 2‘equivelents; tetrahydro-

furan, 16 hours; (4) zinc, 5 equivalents, acetic acid, and

(5)fpyridLnium'chlorochromate,,115iequivalents;'dichloro-‘

hours. The same oompounds were'stable to Lewis

iinc bromlde ‘and magne51um bromlde (5 equlvalents
d1ch10romethane 16 hours), but’ readlly cleaved by strong
Lewis acids such as alumlnum trlchlorlde and titanium.
tetrachlorlde " Compounds 3 4 and 3 were recovered quan-
tltatlvely after treatment under condltlons for ester
hydroly51s (aqueous sodium hydrox1de tert—butyl-alcohol,
16 hours) and thiolester hydroly51s (mercurie trifluoro-

| | 127

acetate, acetonitrile 2 hours).. Bromotrimethylsilane

was found to cleave methoxy methyl ethers (Equatlon 1)

By quenchlng the mixture with anhydrous methanol, the v

corresponding alcohol was obtained in ca. 90% yield.

244,
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N s

: _ (CH3)381Br : -
o 5@“20033 — ROCHZBr + ROSL(CH3)3 + CH;081(CH, )

+'BrCH20CH3

Equation 1

L]

The methoxy methyl protected acids aldo showed "
similar’ stablllty The esters 7 and 8 were recovered in-
,nearly quantitative yleld from the follow1ng condltlons as
'a 0.5 M solutlon ln (1) 6: l acetic ac1d HZO 5 hours 200,-
(2) trlfluoroacetlc !lld 2 equlvalents in methanol or
tetrahydrofuraﬁ 16 hours, " (3) aqueous 2 N sulphurlc

vac1d in tetrahydrofuran 16 hours 200, (4) 21nc 5 equi-.
valents 1n acetlc ac1d 5 hours 20 and (5) pyridinium

&yéhlorochromate 1.5 equlvalents in dlchloromethane 1. 5
hours. The ester was cleaved by mild acids such as zine
bromide; 5.equ1valents, in dlchlormethane, 16 hours; 20°
and was‘hydrolyzed‘under alkaline conditions at a rate
comparable to‘e methyl ester. | The methoxy methyl group
was also cleaved readily with bromotrlmethy151lane The
p0331b111ty of distinguishing between the. methoxy methyl
ester and methoxy methyl ether was 1nvest1gated . Adding
one equlvalent of trlmethylsilylbromide to a 50:50 solu-

.tlon of MM ester :MM ether d1d not show any select1v1ty as

~

followed by 1H_.NMR. Cleavage of both MM ester and MM ether '

¢ was folloWed by 1H—NMR using 4 and 8 (Equatiohs 2 and 3).

[
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)

“(CH3)3SiBr‘ _ Y , ‘
. RCO,CH,0CH; —————» RCO,Si(CHy)y + BrCH,0CH,
Equation 2
(CH,) ,SiBr | _ .
ROCH,OCH,, . ~'ROCH,Br + CH,0S1i(BH;) ;= BrCH,0CH,
40 | / + ROS1(CH,)
S ' . CH,O0H .60
' : -
ROH
Equation 3

A Tﬁis may be an SN2 type displacement and the stable carboxy-
late anion is a good leaving group. The ether gives an
equilibrium Which; upon quenching with dry methanol,.gives
the alcohol pdssibly by a series of équilibria, depending
on the size of R. The reaction is possibly acid catalyzed

'énd all attempts to succtessfully quench the reactionuunder.

- neutral conditions failed. Quenching with (1) sodium bi-
carbonate iﬁ'methanol, (2) sodium phdsphaté, dibasic in
methanol;-<3) t;iethylamine-in'metﬁanol, énd (4) sodium
acetate iﬁ“methanol, gave a mixture oflstarting méterial,

diether 12 and a small amount of alcohol.



“

. ROCH,,OR

2

12

It was also found that a thiol ester, subject: to
the_triméthylsilylbroﬁide methanol reaction, was converted

to its methyl ester.

USSPt Y S



CHAPTER 4: EXPERIMENTAL

B

Preparation of Hexamethyldisiloxane (13)

- A \ y .
(CH3)351C1 + H,0 + C6 5N<CH3.)2“—“—’ ((CH4)481),0

A solution of freshly distilled dimethylanaline
(72.7 g, 76 ml, 0.060 M) and water (7.0 g, 0.389 M) was
placed in a 250 ml 3-necked, round bottom flask equipped
with a droppiﬁg funnel, reflux condenser magnetlc stirring
bar and.nitrogen inlet’, Chlorotr1methy131lane (6? 49 g,
73 ml, 0.575 M) was added dropwise over 50 minutes w1th
stirring. The reaction mixture was refluxed fotr 1 hour
(bath temperaturé, 125 ). The reflux condenser was re-
placed by a distillation head and the product disgrllea
at atmospheric pressure, followed gy drying (MgSOA), with
stirring for 30 minutes, to give 39 g (76%) of hexamethyl-

.
disiloxane as a clear, colorless liquid.
PHYSTCAL DATA FOR 13 ~

bp: 101° (690 mm)

1H-nmr (CDC13): § (External T™S) -0.1 (s)

248 .
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Preparation of Trimethylsilylbromide (14)

P
Y

(

‘ PBr3 .
((CH3)3Si)2O ~w--+-(CH3)3SiBr

. !
\

13 14

The procedure followed was that reported by W F.

Gilliam, R.N. Meals ang\Robert 0. Sauer.127

Into a pressure hottle was weighed hexamethyl-
disiloxane 13 (32:6 g, 0.2 M), pﬁoéphg}ous tribromide (156
g, 0.34 M) }nd iron ?TI chloride hexahydrate (0.4 g) and
the contents mixed theroughly by shaking. After standing
24 hours at vreoom temperature, the reaction waé distilled
through a large Vigreuv column and the fraction beiling

o . . . . .
at 80 " collected. The reactive trimethylasilylhromide neo

used ae a N.T M enlntion iﬁ Arv carbhen tetyarhlerida
FHYSTCAL, DATA TOR 14

l}l nmy (P(‘] /|) . 5l(,7,v!mv'”f1] MY 0 84 (n\’
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Preparation of MM Ethers and MM Esters

To the alcohol or acid (1.0 mM), in dry dichloro-

methane (5 ml) at 0° C, was added dllsopropylethylamnne (1. 05 i

N
Y

mM) followed by chloromethyl methyl ether (1.05 mM). Such

a hindered base is necessary for this reaction: The reac-

tion was allowed to warm to room temperatiire and stirred
for 3 hours. Upon completion of the reaction, the dichloro-
methane layer was washed with Aqueous 0.1 N sylphuric acid

aqueous saturated sodium chloride and dried (NaZSOA)‘ )Afrer

evaporation of s8lvent and purification;, the MM ether and
MM ecter were ronfirmed by ir and l‘H nmr .qp?(‘f.'Y()q'copy,

AR e SRSt
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”

Cleavage of the MM Protecting Group

- To the MM proteéted ether or ester (1 mM) in dry
: '

- carbon tetrachloride was added trimethylsilylbromide (1.1

mM). The final concentration of the solution was ca. 0.15
in reactant and reagent. The‘mixthre'das vigerously stirred
for 5 minutes.and diluted -with a tenfold excess of methﬁnol.
Evapofation of solvents gave an 6ily residue which was dis-
solved in benzene, washed with water, aqueous saturated
sodium chloride and dried (NaZSOQ). Fuaporation pf snlvent

gave the product in 90 rn 057 vield




bp: *

Yoame (enc1,): | 61.82 (m, 2m), 2.72 (m,  2H), 3.40 (s, 3H)

hp:

1n pmr (Cnc1q)~

bpr

1" nmy  (CNQY .‘) :

bp:

1” nwmr (DO .33 .

252.

PHYSICAL DATA FOR 2

110-112° (8.0

3.72 (&, 2H),

PHYSTCAT. DATA

110° (40 mm)

60.85-1.98 (bm,

(s, 3H), 4.52

)

PHYSTCAL DATA

115° (50 mm)

F0.RN-1 .92 (bm.

(e, 79D

PHYSTCAY. DATA
120° (15 mm)

§0.92-1.48 (m,

(s, 2H)

~

v

mm)

1

4.62 (s, ?H), 7.22 (s, 5H )
FOR 3

11H), 3.33 (m, 2H). 3.38

(‘Q ’ ZH_)

FOR 4
TYHY. 2 %% (e, . 4 55
FOP 5
\Q

T5H), 3.34 (s, 3H), 4 60
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"PHYSICAL DATA FOR 7

bp: 108° (5 mm)

'Honmr (CDC1,): 6 0.85-2.25 (bm, 11H), 3.45 (s, 3H), 5.21
(s, 2H) '

PHYSICAL DATA FOR 8

bp: | 110° (3 mm)
14

'H nmr (CDCly): & 2.50-3.22 (m, 4H), 3.42 (s, 3H), 5.22
(s, 2H), 7.26' (s, SH)




a)

b)

a)
b)

c)

b)

a)

b)
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