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ABSTRACT: r
¢ This thesis deals with'studies 1éading'towards'the total
synthesis of the fungal metabo]ites.COMbactin 1, and mevinolin

2, and a synthetic analogue, 3 x-ethylcompactin 3.

g ———

An appropriate synthon for ring B, 135, was prepared, and was
coupled by a]kyiation methodology with optically active iodoketal
108, which serves as a precursor to :jhg‘C. ' The resulting product,

142, represents the BC system of theltargets%}—3.

135




f}ﬁChira1 acetal 150 was prepared By a h1gh{y stereoSe]ect1ve
alkylation f?th°d in which the crucial step (see Scheme 25) depends on
. the use of an optically active oxazolidone unit as a chira] auxiltiary.
Acetal 151 was prepared by the same method, but some racemization

occurred subsequent to removal of the chira]aauxiliary.

-

.....

150 R=Me
151 R=Et s

The thesis also c0ntains a short literature review describing

recent synthetic efforts re]ated to the hypocho]estero]emic agents 1
and\\‘“\\*\ & T
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The fungal metabolites mévinp]in 2* and c0mpactin‘l**

‘ ' [
have very important biological activities and are the subject of

considerable journal literature. Both substances have been shown to

reduce blood cholesterol,levels in mammals , |

’\ >

most importantly ip

man. 5,6

~

Atheroscleros1s, a disease in which fatty depos1ts build up on
the inner walls of arteries, is one of the maJor factors implicated in

7 Individuals

the occurrance of heart disease in Western societies.
who.Have e]evated'blood cholesterol ieve]s are high-risk candidates for
atherosclerosis, and thusi'comﬂbunds whiéh lower blood cholesterol
levels are'important in -the study of heart disease. ’ ‘ ™

In humans more than 50% gf the total body cholesterol is pro-

8 If this pathway can be .inter-

duced via a biosynthetic pathway.
rupted at some point, then one would have a viable contrel of blood

cholesterol levels.

]

*Mevinolin, isolated froM‘Asperg1}1ustereus, identical to
Monakolin K, isolated from Manascusruber,” **Compactin and ML-2368B,
_ isolated xrom Penicillium brevicompactin” and Penicillium

citrinum,” respectively.

Y . 1
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° The major rate-1imiting step in the‘biosynthgsis of cholesterol

is the two-stagehreduction of 3-hydroxy-3-methylglutaryl coenzyme A4
to m9v1n01ate 5 (Equation‘l). Cémpactin and mev1n01jn have, in

fact, been shown’to act as reversible competitive inhibitdrs of the
eniyme, %-hydroxy-3%methy1glutary1 Coenzyme A reductaserwhich is .

responsible for this reduction.9 ’ o o

»

3-HMGCOA

>

Reductasce

2 IADPH

It should be noted that the dihydroxy-acid forms of mevinolin
and compactin (lactone ring opened) clearly rgsemb1é the 3-hydrbxy-3—
methylg1ﬁtary] portion 6f the enzyme substrate and so the fgétone ring
is thought to be a bio]oQical]y importanl part of the molecule. 11

Mevinolin has 3 to 5 times the“iological activity of

) compactin.ls12 The compounds differ only in that mevinolin has a o

methyl group at C-3 and so the lactone portions of the compounds are
not the only features responsible for biological activity. i
Many analogues of mevinolin and compactin have been made both

by biological and chemical means. These analogues are important for

"determining the effects of structure on biological activity in the hope

of developing a drug that could be used to treat high blood cholestero]

levels.

A
&
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Some of the analogues obtained from fermentation ¥hclude
metabolites with the ester side chain removedl2 (6 and 7),

and some dihydroderivatives (8 and 9).13,14

6 R=H ‘ 8 R=H
7 R=CH Y 9 R=Mc

_These analogues exhibit lower biolqgﬁcal'activity than
mevinolin or ;ompactin;'therefore, thé‘z-ﬁethy1butyrate esteﬁ side
chain is an important feature in determining\bio]ogica] activity.
Microbial oxidation at the 3 or 6 position of mevinolin or compactin
producesxanalogues with 2 to 3 times greater activity.ls’ls»llw -

Chemical modifications include replacement of the a -methyl- -
butyrate side chain with various esté* or éfher‘units.18‘24 The
lactone rjng has been modified in several ways, which inﬁlude
enlargement to a seven membered Fthg, forming various saltsZ5-30
and esters?4,28,31 of the lactone ring-opened dihydroxy-acid, and
fconversion of the lactone into a mevalinolactone derivative.24 A

number of chemical modifications of the hexahydronaphthalene ﬁorf?On

)
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qd of mevinolin and compactin have—been carrieda
cations centre around the diene system: partia]ior L
. ) . ;ﬂ!‘! ! . a 2 0 " . .
tion,14,21,26,27 cyclopropanation”of one or both of the doublg

bonds,32 and allylic oxidation.33  In addition“to mod%fications

7

)

of the natura] products, mev1no11n and compactin cont1nue to be an
active area of research a1med at tota] chemnca] synthes1s. S1nce
1983 ,* one total synthesis of (+)-compact1n 34 one of (+)-dihxdrd%
compactin, 235 one of (+): d1hydromev1no]1n 36 [two syn&hes1s of
the hexahydronaphtha]ene port1on of compact1n,37 38 and three
preparat1ons of the Yactone un1t39 40,41 have been pub11shed

The tota1 synthes1s of. (+)- compact1n34 is based on c1s-i
octa11none .10 (Scheme 1). The approach 1nv01ves'con3ugate addition
,of divinyl cuprﬁte to the least hindered face of Eisfoéta1inone 10-
'and quenching df the resu1t1ng enolate with.methy1 iodide to yield
”(8574,) a]ky]ated ket:n\e 11. | , | | ' f,' ) |

s Equ111brat1on of the cen@?%pa]pha to the\carbony] with sod1um
methox1de in methanol and separat1on of the 1somers gave cis-ketone

| 12, which was converted (66%) into 13 by a Shap1ro react;on,
des11y1at1on, and ester1fléat1on with racem1c 2-methy]butyr1c anhy-
dr1de. After e]aborat1on of 13 into 14 the desired’ hexahydro- |
naptha]ene portion was obtained by deprotection of the C-4 hydroxy! of
¥4 with boron tribromide and dehydration.of the resulting atcohol.

' This sequence gave the diene 15.

N *For reyiew up to 1983 see Anderson, P. C., Ph D Thes1s,

Un1vers1ty of Alberta.» . .
L C
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Hydrolysis of the "acetoxy -function, oxidation of the nesu]ting

a1coho1 with chrom1um tr1ox1de, and N1tt1g o1efinat1on gave/the
requ1red triene 16. Tr1ene 16 was con erted 1nto a1dehyde/17
"~ by hydroborat1on ‘and Co111ns ox1dat1on Introduct1on of the 1actone
‘pﬁrt1on 1nvo1ved treatment of aldehyde 17 w1th d1ketene TiCly
" followed by" methano1 to'give a ;1xture of d1astereomer1c a]coho]s 18.
(+)-Compactin was obta1ned by reduction.of 18 to g1ve diol 19 .
which was cyclized to generate the 1actone portﬂgn

Diels-Alder chemistry has been uséd a/great deal in synthetic

- work related to compact1n ‘and mevinolin. In the total synthes1s of

'(+) d1hydrocompact1n,35 shown in Scheme 3 the reaction was
employed to assemble part of the hexahydronaphtha]ene port1on The
Diels-Alder adduct 22- was e1aborated 1nto ketoester 23, as -
shown. Protection of the ketone garbony] and Yodification of the
methoiycaigdny1 to a sulfone unjt/(23 > 25)0provided the required
‘bctahydronaghtnalene derivative 25. This was»coup]gd with sugar-
derived(jbdide 26 using‘2 equiva1ents df base in hexamethy1phos—
phoramide (HMPAj. The deS1red carbon framework had now been formed and’
it was converted into (+) d}hydrocompact1n by the.series of Straight-
forward reactions shonn in Scheme 2.°

f D1e1s-A1der adduct 29, made us1ng a su1f0x1de, (see Scheme
“3) was used for the synthesis of (+)- d1hydromev1no11n 36 Adduct
29, after acy]at1on ‘was thermally dehydrosu]feny1ated with tr1—
 methyl. phosph1te to afford enone 30. Conjugate addition to the
o, B- unsaturated ketone w1th dimethyl cuprate provided 31, wh1ch

was converted into {+)- d1hydromev1no11n by the same method used in the

Synthesjs of (+)-dihydrocompactin (see Scheme 2).
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/ _Scheme/4 sudmarizes an a]ternative,approadh37Ato the
'hexahydronaphtha]ene‘portion of'tompactin. In this case an intramo1ec~
ular Diels-Alder reactiod is emp]oyed.d Ef‘Br 35, prepared in, two
steps from 34, was heated for- 2 days at 165°C to. g1ve adduct 36
_in 69% yield as a mixture of two isomers, which cou]d eas11y be separ-
ated. ‘The resulting tetrahydrofuran moiety was then regioépecifica]]y
e1eaved with trtmethy1sijy1 jodide to give\iddidet37 in 70% yield.
This iddide 37 was smoothly converted into su]fone 38. The hexa-
Hydronabhtha]ene fragment das obtained_tx'low_temperature br&mination
JOf 38" and dehydroﬁa1ogenation with an excess of 1,8;diazabicyclo
[5.4.0] undec-7-ene”(DBU). A_mixture ot three isoEpric dtenes was.
obtained that~C9de be readily separated. The maéor produtt proved to
be the desired~ceddduhd 40. | . B
3 Another synthes1s38 46 of the hexahydronaphtha]ene portlon

- “,.

of compact1n that emp1oys a D1e1s A]der react1on is shown in Scheme 5

«

The react1on of (i) ethy] crotonate w1th Dan1shefsky S d1ene gave ad-
duct 4{ whjch,;upqn reductlen, protection, and treatment_thh pase,
afforded engde;42‘inv72% yie]d. Conjugate additioh of dithiane;
-%éion 43 fro@ the léss hindered face and subsequent ketal ﬁydro]y-»

el

sis and aldo] condensation afforded enone 45 in 74% yie]d. The
requ1red d1ene funct1ona11ty cod]d be generated by ut111z1ng a mod1f1ed |
Shap1ro reaction (45 - 47§§§ Deprotect1on, se1ect1ve reduct1on with
L-Selectride, and esterification W1th {S)-Z-methy]butyric anhydride
gave.the'hexahydronaphthaiene portion of cdmpactin as a mixture of

’d1astereomers that could be separated by HPLC of the ch1ra1 (R)-0-

methy] mande]yl ester derivatives. An a]ternat1ve route towards the
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bottom portion -of compactin from enone 45 is shown in §cheme 6.
_ o,
The desired 47a and undesired 47b isomers were obtained in a

ratio of 1:11.40

Loeme b

Jd. t-BuiMoosaicl, bt iN,DMJ\;

e
>

Z Lo NaBh ool N

T

’

Three syntheses of the lactone portion have recently been

reported. The first ode39 is shown in Scheme 7, and involves
. .f‘

use of 1,3,5-cyclohexenetriol 51. The triol was readilg obtained by
hydrogenation of phloroglucinol using Raney Nickel. Protection of 'two
of the hydroxyls and oxidation of the third gave ketone 53 in .

i)

moderate yield. Baeyer-Villiger oxidation and lactone ring opening:

Y

" under acidic conditions gave°hydroxyester 55 in high yield.
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Pyridinium chlorochromate (PCC) oxidation and Wittig olefination then
afforded ester 57. Upon removal of the silyl protecting groups, this
compound gave the desired Tactone 58.

A different strétegy40 employed in making the Tactone por-
tion, is to use a suitable tarhohydréte precursor. In this case, tri-
D-acetyl-D-glucal 59 was used. (see Scheme 8) as the starting
material. Epoxide 63 was obloined from glucal 59 in 4 steps as
shown. The generation of epox1de 63 served three purposes the
unwanted hydroxyl function at Cf4 was removed, the stereochemistry at‘
C-3 was inverted to provide the desired 3-B-hydroxy functiona]ity, and
finally, an oxygen was introduced, as'required,-at C-1. Regioselective
reduction of epoxide 63 yielded a mixture of a1coho]s,-with the
.,destred axial isomer being the major product. The lactone precursor

67 was obtained by protection of the alcohol, detritylation, tosy1¥

ation, and displacement by iodide. With the desired jodide and tosy-

late in hand, various alkylations were attempted with different sub—\
“strates to explore possible coupling reactions that could be usedvto'
" link a hexahydronaphtha]ene portion to the lactone synthons 66 and |
67. However, the results proved to be unprom1s1ng

A conceptually different approach to the synthesis of the lac-
tone moeity is oy the use of 1,3-dipolar cycloaddition4l (Scheme
9). Nitrile oxide 69 and olefin 70 (derf;ed from. D-glycer-
aldehyde) smoothly underwent cyc1oaddrtion to form isoxazole 71 as
the major product Upon ketal hydrolysis, cleavage of the diol, pro-
tection of the resulting hydroxyl, and hydrogenation of the isoxazole,

the masked B-keto-aldehyde 75 was obtained. Treatment of 75



Scheme 8
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with zinc triflate gave the 2,3—d1hydropyran-4-one 76 in 85% yie]dl
Reaction of pyran -4-one 76 with methanolic hydrogen ch1or1de gave
17. Reduction from the least hindered face then afforded rxthro—
pyranoside 78 in good yield. Isomerization of the methyl pyrano-
side and removal of the.ﬁenzyl protecting group furddshed pyranoside
80, which was one of the advanced intermediates in a previous
synthesis40 of the lactone portion (see Scheme 8). .

As one can see, the synthesis of mevinolin, compactin, ;nd
analogues continues to be oh much synthetic interest. When we con- a
sidered a possible strategy for the synthesis of mev1ho11n and compac-
tin, we wanted a convergent route, one which would be flexible enough
to allow synthesis of analogues, esﬁe;ia]]y those which vary in the
substitution pattern of ring A. Mevfnb]in.z has been shown to have

3 to 5 times greater activity than compactin 1.1,12

If bne were to synthesize analogues in which C-3 was substitued with
various other groups (eg. o -ethyl) one could, perhaps, deve1op

ana1ogues with greater biological act1v1ty than mev1n011n
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B 82, and an ox1dat1ve r1ng c]osure would be used to obtain the

.. | = :
Retrosynthet1c ana]ys1s 1nd1cated that these compounds could be
‘ Al

constructed from three parts, &1 82, and 83 (see Scheme\10

s

protect1ng groups om1tted) " The <x-methy1butyr1c ester s1de chaln 81
can eas11y be attached from 1ts commerc1a1]y ava11ab1e ac1d chloride.

-

The lactone port1on could be synthes1zed by using the ch1ral precursor
1actone system. The 1actone precursor 82 cou]d be coup]ed, in
pr1nc1p1e to the hexahydronaphthalene un1t 83, by a]ky]at1on and ‘
then subsequent removal of the "extra" carbon atom (84 > 85). The

hexahydronaphtha]ene port1on 1tse1f, cou]d be obtained by annu]at1on of

_a'6-membered ring onto an ex1sting s1x-memberedvr1ng via a]dol conden-

g

sation (86 + 87), and carbony] coup11ng (88 ~ 83). Part of the

.. plan has been reduced to-practice: the hexahydronaphtha]ene fragment

' of mev1no]1n and compact1n has been synthes1zed in “our group47 43

and the route is shown in Scheme 11. Kinetic deprotonation of enone

90 gnd a1d01 cbndensation with aldehyde 89 gave a mixture of

" diastereomers 91. The resulting alcohols were protected as tri-

methy]sil]] ethers and the double bond in aldehyde 89 served as a

protecting group for the required formyl unit into which it could

readily be converted by ozonelysis (92 -+ 93). Low valent titanium
coup]ing49 prouided the desired hexahydronaphthalene product as a

mixture of isomers (93 - 94).

o
e
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Scheme 11
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Enone 90, used in.the above sequence, was prepared from

cis-ester 96 in 6 steps?7,48 (Scheme 12).

COOMe

9f¢.

base

 CO,H
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OH
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We envisioned that the lactone fragment of mevinolin' and com-

pactin could be made from (§)-ma1ic acid (Scheme 13).50 Generation

of the second'chiral centré (i.e., at C-5) was échieved by iodocqrbona-t
~tion of homoa]]yiic a]coho] 106. Upon hydro1j;is,‘ketalization, and
chromatography, isomerically pure 1odoketa1 108 was obtained w1th
the two chiral centres required for the final lactone. Iodoketa1
108 was coupled with model sulfone 109 ahd elaborated to the

des1red lactone 116°0 (see Scheme 14) -

At this point in our synthes1s we now had the methodo]ogy to

' aésémble the hexahydronaphthaJene,port1on as well as a synths1s of the

lactone unit, and so we concentrated on possible modes of coupling the

two fragments. .

The first idea examined was anionic attack on an epoxide as

shown in Scheme 15.

 Epoxide 118 can be prepared by treatment of iodoketal
108 with base. , . . |
For model studies we used a suitable précursor to ring B,

namely alcohol 119 that could be easily converted to a_nUmber of

~

OH \

119 ‘ - 2

different substrates. Bromide 120 was easily made from the §Wcohol

119, but no Grignard reagent could be prepared. Attempts
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Scheme 1%

HO OH

“to jrepare the 1ithium salt 121 from the bromide proved also to be

unsuccessful.

SLt

120 121
™
We now turned our attention to the use of st;biTized anions for
the cdup]iné reaction. Sulfide 122 was oxidized to the sulfoxide
1?3 and.to the su%fohe‘lZ{ but these compounds,-afte} '

| 0
? W

S S -
Ph” Ph” Ph i

122 123 - 124

oy
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! - :
deprotonation, also proved to be uncreative towards epoxide 118 and

iodoketal 108. We attributed the unreactiVity to the strugtura]ly
crowded environment of the anion.

At this gtage we decided to try Corey's modification of the
Wittig réaction.51 By this reggtion we could join a carbonyl carbon
of an aldehyde, an electrophilic carbon of an epoxide, and the carbon
from an ylide. The resulting homoé11y1ic alcohol with one of ;he
desired chiral centres could then be ;sed to generate the second centre
of chirality by iodocarbonation, and then fina11y\e1aborated to the

!

lactone (see Scheme 16).
’ Chiral epoxide 105 was treated with lithiated Wittig

reagent to form 126. Aldehyde 127 wés then added to o -Hydroxy

Wittig reagent 12§ and gave coupled producf 128 (26%) of

undeterwined stereochemis£r&. This Fesu]t represented a possible mode

of coupling, but when the reaction was examined with a more suitable

aldehyde 130, no coupled product§ were obtained.* The apparent

_TBDPSO-__- ﬁ
13

lack of coupling is not understoqd.

*This work was performed by Dr. M, Majewski.
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Scheme 16

OCH,Ph Nj = —0 OCH,Ph
<j/\\/ PhP=CH 1%
o . -

& 105 ‘ |
12¢
127
'
HO_ o o HO OCH,Ph
) ) .
-
H ’ ,
. Iodocarbonaton -
L‘laboratlo_n inte lacton
12 128

At this point of the synthesis of mevinolin and combactin we
turned our attentions to possible alkylations of iodoketal 108 and
a suitable compound that could serve as a synthon for the right haﬁd
portion of the hexahydronaphthalene system (Ring B). |

The topics that will be discussed in the'Resuits Section of

this thesis are:



. 1. Preparation of a suitable carbonyl compound that could be used

in alkylation of iodoketal 108. The compound chosen is bicyclic

lactone 135.

135

2. Coupling reactions of lactone 135 and iodoketal 108 and

elaboration into compound 142.

0

142

" 3.  Preparation of optically active aldehydes 150 and 151

that will be used as synthons for ring A in making mevinolin and

| Cr-j> . | :
0"
S /
R | /) .

150 R=Me
151 R=Et

3 a-ethylcompactin.

3
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RESULTS' AND DISCUSSION

The appropriate ring B synthon 135 was prepared from cis-
ester 96 as shown in Scheme 17. The racemic cis-ester 96 was
‘ﬁade by. the method summarized in Scheme 18.52,53 Trans-acid, 136,
which can bé easily prepared by a Diels-Alder reaction betweeﬁ buta-
diene and\(E)-crotoﬁic acid,®3 was converted "into its sec-butyl
ester via the acid chloride, Upon hydrolysis/with KOH in boiling

ethylene glycol a 50:50 mixture of cis and trans acids 138 was

obtained. Esterfication with dimethyl suifate and potassium carbonate

)

gave the corresponding cis and trans esters which could easily be

separated by spiﬁning band distiilation. The cis ester 96 has also
been made by other methods, but these we deemed {mpracticab1e since :
only by the Diels-Alder route co&]d\fﬁe Eig_materia1 be made
1nexpen§jve1y in Yarge batches from readily accessible starting
materials. | “

The cis ester 96 was converted (97%) into-alcohol 119

by lithium a]umiﬁum hydride reduction®® and the a1coho?‘was

OH

119

transforméd (85%) into tosylate 131 by the action of p-toluene-

sulfonyl chloride and pyridine, the tosylaton being céta]ysed,by
dimethylaminopyridine (DMAP). | , ﬁ

X,

"

I

29
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Nucleophilic displacement of the tosylate with sodium cyanide

Lo\

in DMSO at 80°C provided the nitrile 132 in 86% yield.

CN

32

This compounh was hydrolysed %o'afford the homologated acid

.133 in 93% yield.

_— - _COOH

133
Iodo]actoniiation5§ with sodium bicarbonate, potassium

jodide, and iodjne provided the bicyc]oiodolatéone 134 (80%).

‘ «
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Dehydrohalogenation-by treatment with 1,5-diazabicyclo (4.3.0]
non-5-ene (DBN) in refluxing toluene then gave 'the olefinic lactone

135 in 87% yield..

o 135

<

No € lactone products were observed in the final recrystallized
_ material and the substance was . homogeneous as judged by thin layer
chromatography and 1Hand 13C' ' measurements.

With the Jactone 135 in hand, jodoketal 108 was pre-
Apared as outlined in Scheme 19. 50 56 (S)- Malic acid was converted
| almost quan%dtativeiy into its diethy] ester 136 (98%).

!

HO, ‘ o
'\T/A\COOEt .
B

. - COOEt

136

-

Reduction.of 136 with 1ithium aluminium hydride gave the
triol 13798 ip moderate y1e1ds (51%) Recent]x it‘has been
reported that (S)-ma11c ac1d can be converted directly into the triol
in good yields by borane-methy] sulfide comp]ex.59

With the tr101 137 in hand, it was an easy matter to pro-
ltect the 1,2-diol as an acetonide{"This was achieved by treat%ng the

: tr1ol in acetone with a catalytic amount of p-toluenesulfonic ac1d

v o
a8

R
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Scheme 19
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HO~ 37, ' | N

The product obtained in 86% yield was a mixture of 103a and 103b

in the ratio of 9:1.

The mixture of acetonides were uged as such anq the primary

hydroxyl was protected by benzy]ation.61

Y 138 : - 6

lysis of the acetonide with aqueous acetic acid gave diol

" 108 in 90% yield.61
& - '

HOA_~ OCH,Ph
HO ;104

Selective mesy]at}dn of the primary hydroxyl under carefu11y
controlled conditions gave the monomesylate 139. -The crude material
- was treated directly with,Triton‘B‘(ﬂfbenzyitrimethy1ammonium hydrox-

_ide) in ether to generate epbxide 105 in 65% from 104. -

1Y



' Hl//, .,
HOj/\/OCHzph Triton B oﬂ/\/ /
-—_——— (

MsO 139 ' . 105 \

Treatment of the epoxiQe with vinyl magnesium bromide in THF
proceeded very smoothly and gave the homoallylic alcohol 106 in 99%-
yield. "This alcohol contained only one of the two asymmetric centres

Lol

HO OCH,Ph

106 .

present in the 1actone'portien of compecfin‘and mevfno]in and, at this
peint we had to induce the Second centre of chirality, Hemoa11y1ic
alcohp1 106 Qas‘ereated witﬁ‘ﬂ-buty1 lithium to form the anion,

carbob dioxide was bubbled through the solution, and, finﬁ]]y, a
solution of iodine was added.zi’53 The iodocarbonate 107 wds

obtained as’a mixture (erythro:threo 9:1) in 69% yield. The ratio of

erythro:threo was easily determined by NMR measurements.



Iodocarbonate 107 proved to be very ‘sensitive towards
11ght and so it was converted directly into 1odoketa1 108 with dry
acetone and one equ1va1ent of p-toluenesulfonic acid monohydrate. Upon
purification of ,the crude reéction broduct a single isomer was obtained

~in 63% yield.

OCHQPh

—_—
W \o

I
108

"At this stage we now had racemic 1actoné 135 and jodoketal’
108 in hand and so»Qe attémpted the grucia1 coupling reaction.
Treatmeqﬁ of the racemic lactone 135‘Qith two equivalents of 1ithi-
o um d%isopropy1amine‘(LDA5 Qnd'addition of optica]]y“active jodoketal
108 at -78°C in the preseﬁce of a 20% v/v solution of HMPA or | K"
DMPUSS in THF gave coupled product 140 in 65% yield (74% based |

on recovered starting lactone) as a mixture of diastereomers.

\ _
S : ' OCH,Ph

©
.
. \\\\\

o

140

Other than‘recovered starting‘material the only side product
from the reaction was one in which elimination had taken place from the

jodoketal to produce B-hydroxy-ketone 141. =



141 CH,Ph

. To obtain the desired enone 142 we needed to remove the

"extra" carbonyl carbon (see Scheme 20).

1

Scheme.QO

This process wasiéarried out in three steps.65

w Coupled prodﬁct 140 was feduceq with diisdbuty?a)uminuﬁi
hydfide at -78°C to give a mixture of lactol 143a and hydroxy- .
aldehyde 143b in 68% yield. o |

143a

38
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This mixture was oxidized with manganese dioxide in chloroform to give

enone aldehyde 144 in 97% yield.: S .

‘° 144

Decarbonylation with Wilkinson's cata]yst66 provided the desired

enone 142 in 63% yield.

142

At this point we now possessed the entire carbon skeleton
needed for ring B and C and so we turned our attention towards mafing
A1actone 135 optically active. Two methods have been developed in )
our group to do this. The first one involves use of a carbohydrate. >
precursor, namely tri-0-acetyl-D-glucal. The4§1uca1 was\successfu11y
converted into optically active alcohol 119 in 10.steps67 as
shown in Scheme 21. This sequence was amenable éo 1érge scale &?epara-

tions, but the need for extensive chromatography ahd some low yie]dihg

reactions caused us to seek a simpler route to alcohol 119 and, in
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the event, we developed a route based ﬁn the use of a chiral
oxazolidone.®8 The reaction between acylated oxazolidone 145

(derived from (S)-phenylalanine and crotonyl chloride) and butadiene
under Lewis acid catalysis gave a single adduct 146‘(62% yield) as
shown in Scheme 22. At this point it was a simple matter to obtain the
desired optically active alcohol 119 by a series of straightforward
reactionsv(Scheme 22).69  The optically active’a1COho1\119 could

now be converted into optically active 1actong 135 by the fou;e
developed with racemic compounds (see Scheme 17).

We now had both synthons for rings B and C optica]]} aétive and
so we turned our attentionvtowards synthesis of the appropriate aide-
hydes that could be used to make ring A (see Scheme 11). Aldehyde
149 réqujred for the synthesis of compaCtin’;an easily be made via

C]aisen”reafrangement of allyl vinyl ether 148 (Equation 2).

 265°C

X L
L\\J;§> Carpowax '\\\ B

lasg 149

2]

This reaction can be done on a 1éﬁge scale (50-1009).70
The appropkiate chiral aldehydes, 150 and 151 for
mevinolin and 3 a-ethylcompactin, respectively, could be obtained by

two methods.
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The first one, suitable for mevinolin,

//43

D

0

R\\\\\“‘

A

150 R=M¢
151 R=Lt

!

would be degradation of

a natural product to obtain the desired centre of chirality. The

second approach involves asymmetric induction. The firét method was

. used for aldehyde 150 where (§)-citrone11ol-was degr-aded71

(Scheme 23).

Scheme 23
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L}

The crucial factor in aegradation of a natural product is éhat the
natural product be entaniomerically pure. Our starting material con-
taiﬁed 10-15272 of the other enantiomer. We felt that this was
undesirable for our chiral synthesis of mevinolin, anq so we turned ﬁo
the second approach. The method of choice again was the use of chiral
oxazolidones’3 which can be461ky]ated in a highly stereose]eﬁtive
fashion. The high stereoselectivity Qég’be attributed to two factors:
upon enolization of compound 152 (Scheme 24), the (Z)-enolate

should be the one strongly preferred on the basis of unfavourable
interactions in the transition state for formation of the

- (E)-enolate.’3

".scheme 24

. "M.
" RS
( 2 BTN
B . ’ H . h ,
Q\L R favoured - ~—|,
basg- ‘ .

~  H

5

¢+ disfavoured
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Once the (Z)-enolate is formed the conformation is locked by- chelation
with the counterion. ' S

The second important factor that controls the stereoselectivity

T et

is the high stereofacial bias of the chiral auxiliary causing the

electrophile to add only from the si face of the enolate. }
Other advantages of using chiral oxazolidones are that the ‘v;jf

~ . e * ’ 'f

chiral auxiliary is very easy to remove by transesterification, ‘{*xﬁ

" hydrolysis, or reduction with less than one percent racemizétfon of{%tj}?}
the induced chiral centre.73 Also the diastereomers can readi]&béi;;fj'”
sepérated by flash chromatography on a large scale (10-20g). o
The chiral auxiliary that we chose was the oxa;o]idoné derived
from (S)-valine.”’S (S)-Valine could be readily reduced with lTithium
aluminum hydride to_ the amino alcohol’S and upon reaction with
phosgene in aqueous base it gave the required oxazolidone which could .
be purified easily by recrystalization.” Preparation of the chiral
acetal 150 was achieved in good yield from chiral oxazo]%dane . '»g
153 (see Scheme 25). Acy]ated oxazolidone 154 wasgmade in 89% ﬂ&hﬁ.w |
yield from propionyl ch]oridé, and it was then al&ated‘ui\der

literature conditions’3 to give oxazolidone 155 in 73% yield.

O 0
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—
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By |
We chose allyl bromide as our alkylating agent bec;use it gave high
se]ectivity73 and the double bond presen%hcould be cleaved to
generate the aldehyde functionality that was required. We found that
: ozono1ysis at -78fc‘in metﬁanoi with a dimethyl sulfide quench gave the

required aldehyde 156 in high yields. The aldehyde was not very

4

stable at room temperature and so it was protected as its gceta] 157.

Slight racemi zation occurred during‘prot;ction of the aldehyde
(5%) but the di sasterdoi somers were easily separated by f1ash' |
chromatography . | | '

At this point we had at']gast two options for removal of the
-chiral auxi]iary. Benzyl ester 160 and ethyl ester 161 were
both prepared by reaction.with the 1ithium salt of the appropriate

alcohol in high yields. -
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0,CH,Ph O,Et
160 - - 161

In principle the esters could-be reduced to the desired aldehyde 159,
but in trial exper1ments yields in the reduction were 1ow The
other possibility was to reduce the protected aldehyde 157 with
11th1um aluminum hydr1de.v The reaction proceeded well at 0°C to g1ve
alcohol 158, but the alcohol could not be obtained totally free of
oxazolidone, .and so the crua; alcohol was oxidized to aldehyde 159

by the method of Swern.’®  The aldehyde was readily purified‘by_f]asﬁ)

chromatography, but again it was not stable and so it was
directly into the desired olefin 150 by a Wittig reactior

yield was 45% over the three steps from 157.

rid
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The desired acetal 157 for‘3vf-ethy1compactin could be maae by the
same route excépt that we needed an extra carbon. This was furnished
8 ) . . . . 8 .

by -acylatior” of oxazolidone 153 with butyryl chloride. With the

‘ A
acylated oxazo]idone 162 in hand, a]ky1ation70 with allyl bro=«

mide was carried'OUt under similar conditions to those used before to
give alkylated prodict 163 in 79% yield.

!

, ) I SRR < B«
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1_1516;(‘ " 163

Ozonb]ysis‘of‘the,double bond and protection of the resulting

aldehyde, afforded acetal 164 i '68% yield.

¥

The chi?é] auxiliary was removed as before by 1ithium aluminum
hydride reduction and again the resulting alcohol 165 was difficult

to purify. Swern oxidation of the crude 2lcphol and Wittig olefination
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gave the olefin 151 in 40% yield over 3 steps from 164.

\\\\\\u

151

;;g\ The object of the present synthes1s was to prepare aldehydes

150 and 151 in a-state o? high optical purity. -Care was taken

to monitor the optical 1ntegr1ty of the 1ntermed1ates in the synthes1s
- Alkylated oxazolidone 155 was easily ascerta1ned to be optically
pure since isomer 166 which was separated,1n the preparation of

185, is readily d%stinguished from it byA'H-NMR measurements.

o
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L1kew1se, 157 is readily shown to be free of its isomer by
its 'H NMR spectrum. Reduction to a1coho1 158 is not expected to

occur with more than 1% racemization on the basis ofepub11shed

[
]

work . 74 v
£z
We subjected a mixture of 157 ‘and its isomer to 1ithium
aluminum hydride reductibn and then examined the 31P'NMRispectrum

of the'derived phosphorous esters 167l80

167, \
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The spectrum showed two peaks with A '31p = 9.6 Hz. When
we subjected alcohol 158 itself to Swern oxidation and then reduc-

tion of aldehyde 159, the 31p NMR spectrum of the derived ester

>
£,

' W) ‘
. .Q/k/o\il} ;
| . |
i i
— ‘ 168 , \ .

168 showed the material to be ¥tter than 95% pure.
wﬁen 157 was reduced (Lithium aluminum hydride), oxidized

(Swern), subjected to Wittig {uaction (methylene triphenyl phosphine),
ozonized; and reduced (1i£;ium aluminum hydride) the resulting alcohol
was better than 96.2% pure on the basis of a similar 31P NMR |
experiment. _
We conclude that reductidh, Swern oxidation, and Wittig reac-
. tions do not alter the stereochemical integrity of tﬁe methy1-bearing
carbon fﬁ?any appreciable (i.e., >5515 extent.

" When acetal 150 yq;,subjected-to ozonolysis, reduction with
Tithium aluminum Hydride and esterification w{ih 2-chloro-4(R), 5(R)-

djméthy]f2-oxo-1,3,2-dioxaphospho1ane, the phosphorus ester 169 was

obtained.
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Examination of the material by 31p NMR showed that some of

‘the undesired isomer was present and work is under way to determine at

-

which stage racemization had occurred.
. 4

\
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CONCLUSION

This thesis reports progress made in this laboratory towards
the synthesis of meVino]in, compactin, and 3 «-ethylcompactin.
| My confribution to this research was:
1);dDevelopment of a synthetic‘route to racemic bicyclic lactone
135, which is a synthoﬁ for ring B of the targef molecules. The 
precise method used was subsequently applied by others in the group to
optically pure materijal. | | |
2) Synthesis in correct optically pure form of precursor-150
to ring A df mevinolin and a synthesis of partia]]y racemized precursor
151 to ring A of 3. -ethylcompactin.
3) Coupling of racemic bicyclic lactone 135 with optically
pure iodoketal 108 was repeated by methods presious1y developed in
this'laboratory with a view to building up g supply for further work.
However, these experiments were not pursued because, in the interim,
large quantitie§ of optically pure bfcyc]ic lactone 135 becahe
- available and it was décided to confine all work to optically pure
‘materials. :
. Further work is in progress in the laboratory to use the
optica11y puré fragments 135, 108, and 150 to assemble

mevinolin. 4-Pentenal will be used to make compactin.
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EXPERIMENTAL

A11 anhydrous reactiaons were carried out in the following

manner. The reactions were performed in septum—c]osbd flasks under a
static pressure of argon and the contents of the flasks were magneti-
ca11y st1rred w1th dry ‘teflon- coated st1rr1ng bars. All apparatus was
~ oven dr1ed (120°C) for at least .one hour and cooled in a des1cator over
Drierite prior to use. Solvents for react1ons were dried with the
appropriate drying agent under argon and distilled before‘uﬁe.r:“ N e
Solvents and liquid reagents were tfansferred by oven dried syringes.
Solids were weighed quickly into oven’dried f]asks; which were sealed
‘with a septum, and purged with argonaﬂ Solvents for chromatography were
distilled before use, commercial thin layer chrbmatography (TLC) plates
(si)ica gel Merck 60 F 2-54) were used and f]ashgchromatography79

was pérformed with Merck type 30\(230-400 mesh ASTM) silica gel. TLC
plates were visualized 'usidg either UV (254nm), iodine, 6N H2S504 in
methanol, or phosphomo]yadlic acid. A1l vapour phase chromatographic
(VPC) analyses were done on a Hewlett-Packard 5830A gas chromatograph
equ1pped with an FID detector. Prepacked Hewlett-Packard 6 ft. x 1/8

. 0.D. stainless steel analytical columns were used with nitrogen as

carrier gas. The columns were 10% w/w Apiezon L, 2% KOH on acid washed
- chromosorb W (80 100 mesh); QF1 on acid washed dimethyl. chloros11ane
treatad chromosorb W (80-100 mesh); and 10% Carbowax 20M on acid-washed

dimethylchlorosilane-treated Chromosorb W (80—100 mesh).

{3’ 0
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Infrared (IR)-spectra were recorded on a Perkin-Elmer Model 297
spectrophotbmeter. Liquids and oils were run on sodium chioride plates
as neat films. Solids weré run as solutions in the appropriqte solvent
using 0.5mm sodium chloride cells. Only diagnostically fmportant peaks
are reported. Melting pbints (mp) were ds'ermined on a Kofler block
melting point apparatus and are uncorrectéd. Boiling points (bp) -
reported for products d1st111ed in a Kugelrohr apparatus refer to the
oven temperature. Proton magnet1c resonance (NMR) spectra were
recorded witﬁ Bruker WP-80 (at 80 MHz), Varian HA-100 (at 100 MHz),
Bruker WH-200 (at 200!MHz) or Bruker WH-400 (at 400 MHz) spectrometers,
using the approprjate deuterated solvent and tethamethy1si1ane as
internal standard. Carbon-13 nuclear magnefic resonance (13CNMR)
§pectra were measured with Brﬁker WP-60 (at 15.08 MHz), Bruker H%X—90
(at 22.6 MHz) liruker WH-200 (at 50.32 MHz), or Bruker WH-400 (at
100.64 MHz) - trometers using deuterochloroform as internal standard.

4
e recorded on a Bruker

Phosphorous-31 NMR (31p NMR) spect
WH-400 (at 161.98 MHz) using H3P0:‘ xternal standard. Abbre-
viations used for NMR spectra are s= s1nglet d=doublet, t=triplet,
g=quartet, m=multiplet, br=broad. Mass spectra (MS) were recorded with
an A.E.1. model MS50 mass spectrometer. Microanalyses were perfgrmed
by the m1croana1yt1ca1 laboratory of this department. Spinning band
distillations were performed using Perk1n Elmer 151 or 251 annular.
¢tills. Optical rotations were measured on a Perk1n Elmer 141

. P
polarimeter using a 1 dm cell.
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Materials
_ - a
Dry benzene, ether, and tetrahydrofuran (THF) were djsti]]ed
before use from sodium benzophenone ketyl.  Dry diisopropylamine, tri-

ethylamine, ch]proform, dichloromethane, pyridine, and toluene were

distilled from§2a1cium hydride. Dry dimethyl sulfoxide (DMSQQ,

dimethylformamide (DMF), and 1,3?Dimethy1 3,4,5,6-tetrahydro-2-(1H)
pyrimidone (DMPU) were distilled from calcium hydride under reduceq
pressure and stored over mo1ecu1ar sieves (3A). Commergial (Aldrich)
sg]utions of n-butyl lithium in hexane were titrated before use using
2,5-dimethoxybenzyl a]coh61 és inqifator.78 Butyryl chloride ~
(Aldrich), allyl bromide (Aldrich), and propionyl chloride (ATdrich)
were distilled before use. All other reagents were used as received.
(+) 51376iﬂethy1-3vcyclohexene—l-ethanol (119).54

Ester 9652,53 (3.000 g, 19.45 mmol) 15 dry THF (30 mi)
was added dropw1se to a magnetically st1rred and cooled (ice bath)
suspension: of 11th1um ‘aluminum hydride (758.4 mg, 20.0 mmol) in dry THF
(30 mL). -After the adﬂ1t1on "the m1xture wg; ref]uxed for 24 h and then
cooled to 0 C and hyé;g11zadﬁgywdropw§§§ add1t$§%§§st1rrlng) of water

L % S N

(3 mL) 10%. w/v aqpeous de!g ﬁn drwxfde (3 mL) adnd‘Wa€§$ (3 mL) The

resu1t1ng prec1p1tate was fi1%ere¢foff us1ng sﬁnter and wasbed thor-

oughly w1th ether Tge cemb1ned ethe;,Jp1d§1ons were dr1ed~(MgSO4)

and evaporated K&ge?rohr d1st131&t10n (102 6‘ 15 mm), of the res1dua1
4, :

oil gave llg
purity (VPC

-ZOn* 150 C) NMR (CDC]3, 200 MHz) 6 5 63 (m, 2H),

3.57 (m, 2ﬁrﬁy2 32 1 66 (m 6H) 1. 29 (br 55 1H)ﬂ 0. 91 (d, 34, J=1Hz);




-

\

59

13¢ (CDC13, 50.32\MH2$: t 125.4(d), 125.0(d), 63.9(t), 39.3(d),
3?.4(t), 27.4(d), 25.é(t), 24.1(q); IR (film) 3650-3100, 1650 cm‘l;‘
exact mass, m/e 126.1043 calcd for CgH140, m/e 126.10447. Anal.
Calcd for CgHy40: C, 76.14; H, 11.18. Found: C,76.11; H,

11.20. - >
‘(i)-gigfﬁ—ﬂethyl-4-ethylbenzene sulfonate-3-cyclohexene-1- methanol
(131). ' |
o Dry dichloromethane (250 mL) and dry pyridine (37.6 mL, 465
mmol) were added td 119 (19.517g, 155 mmol) and the mixture was

stirred magnetically with protection from moisfure*and cooled in an ice
"bath. E:to]uenesulfonyl chloride (30.5g, 160 mmol) was added followed
by 4-dimethylaminopyridine (DMAP) (500 mg). The ice bath was removed
and stirring was continued for 48 h (TLC control, silica, 3:7
ethy]acetaté-hexane) and then the.mixture was acidified to pH 2 at ice
bath témperature'by slow addition of conc. HC1 (stirring). The

reaction mixture was extracted with dichloromethane (2x50 mL) and the

organic extract was washed with aqueous @irated sodium bicarbonate .
solutign (2x50 mL) and then brine (1x50 mL). 'The organic extract was
d;ied (MgS04) and-evéporaééd. The cfysta11ine residue was kept (ca
lh) under oil pump vacuum. The product was di;solved i; hot hexane and
the solution was allowed to cool, first to.room temperature and then to
0°C to afford 131 (37.09g, 85%) as a white crystalline compound.

"In this experiment the mother 1iquors were not examined further: mp

T41-43°C NMR (CDC13, 200 MHz), ¢ 7.80 (d, 2H, J=8Hz), 7.35 (d, 2H,
J=8Hz), 5.55 (br s, 2H), 3.90 (m, 2H), 2.42 (s, 3H), 2.15-1.60 (m, 6H);
0.78 (d, 3H, J=8Mz); 13c (CDC13, 22.63 MHz): ¢ 144.61, #s), |
133;09 (s), 129.73 (d), 127.78 (d), 125.56 (d),"124.13 (df, 71.75 (t),

s
3
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3e\ge (a), 31.84 (1), 27.29(d), 24.94 (1), 21.57 (a), 14.47 (a);
IR (CHC13): 1650, 1630, 1357, 960 cm-l; exact mass, m/e |
280.1142 (calcd for t15Hgoso3 280.3886). Anal. cafcd for
Ci5HppS03: C, 64.28; H, 7.14.: Fourd: C,64.28, H, 7.16. ~ . %
(1)-515764Hethy1-3fcyc1ohexene—l—acetonitrilé (132). |
A solution of 131,(3.0714 g, 10.95 mmol) in reagent DMSO
(4 mL) was added dropwisz by syringe to a preheated (80°C) So]ution
“(6 mL) of sgd1um cyan1de (646 mg, 13.18 mmo]) in DMSO The mixture
was stirred at 80° C for 48h with protect1on from m01sture, TLC control
' (s111ca{ 1:5 ethy1acetate-hexane) coo1ed to room temperature,and
- diluted with water (50 mL) The mlxture was extracted with ethyl
acetate (5x50 mL) and the comb1ned extracts were washed w1th br1ne,.
dried (MgSO4), and evaporated. . D1st111at1on of the residue gave -
132 (1.2619 g, 85%) ‘as a co]or]ess oil of greater than 95% pur1ty
(VPC, QF-1, 80°C): "bp 38-41° C (0.1 mm); NWR (CDCI3, 400 MHz): ¢ 5.65
(S, 2H), 2.40-1.90-(m, 7H), 1.85 (m, 1H), 0.89 (d, 3H, J=8Hz). 13
(€DC13, 100.02): ¢ 125.40 (d),'123.7§ (d), 119.04 (s), 34.35 (d), .
S 31L12 (1), 29.44 (d), 28.20 (t), 18.51 (t), 14.87 (q); IR (film) 2250‘
cm-l; exact mass m/e 135.1052 (caTcd for CgHi3N 135.2103); |
Anal. Calcd for ch13h: C, 79.95; H, 9.69. Found: C, 80.05; H, '
9.64. . - h | | .
‘, {+)-cis-6-Methyl- 3-cyc10hexene-1-acetic acid (133).
7 The nitrile 132 (1.2619 g, 9.41 mmo1) was added to a solu-
~tion (60 mL) of sodium hydroxide (1.882, 47.05 mmol) in water. “The

“resulting miXture was refluxed for IZ/h, cooled and aeidified_to pH 2

with ice bath cooling by addition of 6 N HC1. The solution—was

/
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extrqcted;with ether (3x30 mL) and the combined extracts were washed
) with brTne (1x40 mL), dried (MgSO4), and evaporated. ~Kugelrohr dis-
tillation of the residue gave 133 (1.350 g,'93%)bas a homogeneous '
“(silica, 2:5 ethzjacetate-hexane) oil: bp 134-135 (0.22 mm); NMR

: ¢ 12.4 (br, IW) 5.60 (s, 2H), 2.40- 2 10 ( , 5H),
, 1.79 (m, 1H), 0.90 (d, 3H, J=8Hz); 13CNMR

(CdC13,'100.62 MHz): ¢ 178.94 (s), 125.65 (d), 124,95 (d), 35.72
(£),‘33.§g;(d), 31-92'(t), 30.19 (d), 28.85 (t), 15.32 (q); IR (f11m):
3500-2500, 1705, 1650 cm‘I, exact mass, m/e 154.0999 (calcd for
CqH140p 154.2104). " And1. Calcd for C9H1402 C, 70.10; "

H, 9.15, Found: C, 69.92; H, 9.20. “
(i)-nggggf4fgigf4qlodo-2-ethy]-6¥o£abic&clo[3.3.1]non-7—ehe 

(138). | J | | |
Acid 133 (15.31 g, 99 mmo])/was stirred with water (300 mL)

and solid sodium bicarbonete (20 g; 238 mmo])‘was qdded,1n portions. A
Solut}oﬁ of 16d{ﬁé (50.25 g, . 198 mmo]) and potassium iodide (80 g, 480
-.mmcl) in water (500 mL) was added/ dropw1se w1th st1rr1ng and the mix-
ture was stirred iﬁ the d;rk forﬁ85 h (TLC control s111c§, 1:4 ethy]_
acetate-hexane). The mixture'weﬁ theh diluted witrtdich1oromethane )
(100 mL) and solid sodium\thjpsd]fate was added(in portions{with vigor.
ous: stirring until the iodine dciour1ea$ discharged. The organic layer:
wasbseparated and the aqueous ghase Wwas extracted with more dichloro-
methane (3x100 mL). The comb1ned organic extracts were washed ‘with 5%
w/v aqueous sodium hydrogen sulfite and dried (MgSO4) Evaporat1on

. of the so]vent gave off-white crystais wh1ch ‘were recrystallized from

ethanol to afford 134 (22.08 g, 79%)“as a homogeneous (TLC, s111ca,-
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1:4 ethylacetate-hexane) material: mp 97-98°C; NMR (CD&13, 400 MHz):
¢ 4.80 (s, 1H), 4.65 (s, 1H), 2.75 (d, 1H, J=6Hz), 2.65 (d, 2H, J=4Hz),
zfggr(m, 1H), 2.30 (m, 1), 2.10 (m; 2H), 1.90 (d, 1H, J=8Hz), l.OOQ(d{
i@ﬁ,id=gﬂ;); 13cNMR (CDC13, 50.32 MHz): . 170.32 (s), 77.75 (d),
33.88 (¢), 31.57 (d), 30.61 (t), 30.02 (d), 27.62 (d), 18.70 (q); IR
(CCl4): 1735 cm-1; exact masg (No M+), m/e 153.0911 (calcd for
CgHy30p (M-I} 153.0914)' Anal. Ca1cd for C9H13102 C,
38.59; H, 4.68, Found: C, 38.56, H, 4.73.
(+)-endo-2—Methy1—6—oxabicyclo[3 3. l]non—3-ene— ~one (135).

1,5- D1azab1cyc1o 4.3, OInon 5-ene (5 530 g, 44 51 mmo]) was_

" added to a so]ut)on‘of 134 (4.15 g, 14.8 mmp]) in dry toluene (35
mL) and the mi*ture was refluxed for 5h under argon (TLC, si]iéaé 1:1

j_ ethylacetate-hexane), coo]éq: and di1ﬁtéd with ether (300,@L§ﬁﬁ_ihe

-~ solution was shaken with icg-colg 2N HC1 (70 mL), then wfth'dntaqueOUS
solution containing sodi&m thiosulfate (20% w/v) aﬁd sodium bicarbonate
(5% w/v), and it was then dried'(MgSO4).and evaporated to afford a
mass of whi}e crysta]é.’ These were recrysta111zed from ether to afford
135 ?1.960 g, 87%) as a pure (TLC, silica, 1:1 ethxjacetate hexane)
materfal: mp 60-61°C; NMR (CDCT3, 400 MHz): ¢ 6.00 (m, 1H)Y 5. 82 |
(m, 1H),’4}76.(m, 1H), 2.60 (m, 3H), 2.30 (m, gH), 2.00 (m, 1H), 1.1-
(o, T gcehz); Dionm (épc13, 100.62), ¢ 176.96 (s), 136.16 (d),
125.43 (d), 69.92 (d), 35.47 (d),,3o.3g (t), 3013 (d), 29.89 (t),
17.81 (q); IR_(CQJ@):< 1725,A1§45 cm~l; exact mass: 152.0836
(cachfor C9H1202 15222044); Aga1. Calcd for CgH1202:

C, 71.03; H, 7.95, Foind: C, 71.10; H, 8.02.

[
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(S)-Diethyl malate (136)57 |
(S)-Malic acid (100 g, 746 mmol), absolute ethanol (2§OkmL)
and chloroform (300 mL) were combined and ion exchange resin (30.0 g,
C- 250 Baker; fresh]y charged by passing 5% HC] through followed by
water) was added. . The so]ut1on was refluxed using a Dean-Stark‘
apparatus for 36 h and then using a Soxhlet apparatus f111ed w1thw

molecular sieves (4A) for 24 h. The reaction mixture was f11tered\and

the splvent was evaporated. The residue was distilled to give 136

o .

(133 g, 95%): bp 68-70°C (0.25 mm) (1it:57 85-86°C (0.5 mm)
[a)p2 - 11.03 neat; (1it ()20 -10.18 (neat);57 NMR
ACDCY3, 400 MHz): ¢ 4.48 (¢d, 1H, J=6Hz, J=1. SHz) 4.25 (dq,,ZH,
J=3Hz, J=6Hz), 4.15 (q, 2H, J=6Hz), 3.20 (br, lH), 2.80 (ddd, 2H,
J=8Hz, J=4Hz), 1.30 (m, 6H).
| (§)-1,2,4—Butanetribl (137)°8
(S) -Diethyl malate 136 (60.0 g, 320 mmo1) in ether (60 mL).
was added s1ow1y to a cooled (0° C)/suSpens1on of 11th1um aluminum
hydride (25 g, 660 mmo‘l) in ether (700 mL). The reaction mixture was
refluxedﬁovernight and-then cooled to 0°C. Celite (50q) and anhydrous
sodium su1fate (ZOQ)Jwere added.‘ The reaction Mi;ture was carefully
di]uted with}water (30 mL)v 10%‘(w/v) aqueous sodium hydrox1de (30 mL),
and‘water (70 mL). The wh1te prec1p1tate was f11tered -and washed we11
w'w1th ether and the f11trate was dxscarded The dry white so11d was
then washed well with ethano] (800 mL) and the f11trate was evaporated
.&D1st111at10n of the' re51due gave 137 (17.38 g, 51%): bp 125-126°C
(0.1 mm) (19t bp®8 121-123°C (0.03mm)).
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(_) -2,2-Dimethyl-1,3- dioxolane—4-ethano] (103)60
Triol 137 {34.0 g, 320 mmol) was dissolved in dry acetone
(1.5 L) and-p—toluenesu]fonic acid (1.5 g) Qas added. The reaction
mixture was stirred at room temperature for 2h and 4A molecular sieves
(ca 1.0 g) were then‘added. Stirring was continued overnight. Solid
sodﬂum.bicarbonate (2.0 g) was'added, and the mixture was stirred fdr‘a
further 45 min. Solids were removed by filtration and the solvent was
evaporated. The reeidue was distilled to give 103 (40.0 g, 86%):
bp 55-60°C (0.3 mm), (21526 +1,30 (neat), (1it60 [a]g ,
2.23° (9.8 MeOH); NMR (CDCT3, 200 MHz): ¢ 4.30 (m, 1H): 4,12 (dd,
1H, J=2Hz, J=6Hz); 3.79 (m, 2H), 3.60 (m, 1H), 3.16 (t,le, J=6Hz),
1.85 (dt, 2H, J=3Hz, J=4Hz), 1.46 (s, 3H), 1.40‘(5, 3H). The material
is known to contain 10% of 2,2 Dimethyl-1,3-dioxahe-4-ethanol.60
(§)-2,2-bimethyl-4-2-(pheny1methoxy).ethyl)-1,3-dioxolane (138?:
The alcohol 103 (37.? g, 265 mmol) in dimethylformamide (40
mL) was added to a cooled (O;C) suspension of sodium hydride (7.64 é,
3% w/v, 320 nmol) in dimethylformamide (350 mL) and the mixture was -
then stirred at room tehperature”fbr lth. The selution was cooled to
04c and benzyl bromide (38. 2 mﬂ 320 mmol) was adeed. Stirring was
cont1nued for 20h at room temperature and then cooled (0°C) and diluted
with water (100 mL). The resu]ting solution w¥s allowed to warm to
room temperature and it was then extracted with ethyl acetate (400 mt).
The' orgaeic phase was washed with brine (50 mL), dried (MgSO4), and
concentrated. The resulting oil was distil]ed“to give 138 (51;5'9,
i9i%)§ bp 104-106°C (0.45 mm); la1¢)25-5-8{60° (neat)} NMR

(CDC15, 400 MHz): ¢ 7.30 (m, S5H), 4.50 (s, 2H), 4.20 (m, 1H), 4.05
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(dd, 1H, J=6Hz, J=8Hz), 3.56.(m, ?H), 1.88 (m, 2H), 1;40 (s, 3H);"1.35
(s, 3H); IR (film) 1468, 1095 cm~1.
(S)-4-(PhenyImethoxy)-1,2-butandiol (104).61

The fully protected triol 138 (14;2 g, 600 mmol) was dis-
solved in acetic acid (75% v/v, 48 mL) and the sQ]u?fqp was stirred at
50°c‘for 1h It washéoo1ed to 0°C and carefu11y'ﬁ%d}r7Jized with
saturated aqueous potassium carbonate (60 mL). Tﬁéénﬁ;ture was extfacl
ted withbetpylvacetate (150 mL) and the organic pHa§ ‘was washed wiéﬁ
brine {60 mL), dried (MgSO4),’and'concentrated. -Th; crude product
was distilled to give 104 (10.7 g, 90%): bp 130-135°C (0.1 mm)
101,255 -20.7 (1.20M, EXOH), (Lit.54 (21527 -15,69
(O.3M,-Me0H));'NMR'(CDC13, 200 MHz): ¢ 7.30 (m, 5H), 4;54.(5, 2H),
©3.90 (m, 1H), 3.70 (m, 2H), 3.50 (r, 2H), 3.40 (br, 1K), 2.80 (br, IH),
1.80 (qi.ZH); IR (film): 3400, 1495, 1451, 1095 cm-l.
(§)~(2—(Pheny]nethoxy)-éthy])oxitane (105).

The diol 104 (3.2 g, 16.3 ﬁmo1) was dissblVed in dichloro-
methane (60 mL), and pyridine (2 mL) was injected. Thevsolution was
cooled (-60°C) and freshly distilled methanesulfonyl chloride (1.§'mL,
20.4 mmol) was added. The solution was stirred at -60°C for 2 h, the
cold bath removed, and stirring was cOntin&ed for 20 h. Water (10 m1)
was added and the solution was acidified with 2 N HC1, and extracted
withndich1oromethane (2x40 mL). The combined organic'éxtracts were
washed with saturated aqueous sodium bicarbonate'(60 mL) and brine (50
mL) and dried (MgSO4). Evaporation of the solvent gavé‘the crude - |
mesylate which was dissolved in ether (40 mL). ﬁéBenzyitrimethyl
jammoniuﬁ'hydroxide (8 mL;;ﬁgé‘in hethanol) was added and the solution

A
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was stifred for 1.25 h and the white precipitateﬁwas filtered off.
The filtrate was waéhed successively with 2 N HC1 (10 mL) and brine
(20 mLf, and dried (MgS04). Evaporation of the §o1vent and chromato-
graphy over silica ge1¢(3x20 cm; 1:1 ethyl acetate-hex@ne) foilewed by
distillation to give 105 (1.9 g, 65%) from diol 104: bp
70-72°C (0.1 mm); [a]D26 -13.4° (.39M, MeOH); NMR (CDC13, 400 _
MHz): ¢ 7.50 (m, 5H), 4.54 (s, 2H), 3.62 (m, 2H), 3.06 (m, H), 2.77
(dd, 1H, J=4.4Hz, J=5.5Hz), 2.50 (dd, 1H, J=2;3Hz, J=5Hz), 1.85 (h,
2H); 13§NMR (CDC13, 22.63 MHz): ¢ 138.37,A128.37, 127.58, 73.05,
67.01, 47.98, 46.94, 32.97; IR (film): 1365, 1103; 745, 705 cm-1;
exact mass m/e 178.0988 (Calcd for C11H1402 178.2334); Anal.
Ce1cd for C1H1402: C, 74.16; H, 7.86, Found: C,73.90; H,
7.92.
(S)-1-(Pheny Imethoxy)-5-hexen-3-ol (106).

Epox1de 105 (2.8 g, 15.7 mmo]) was dissolved in THF (100
mL)ﬂghd cooled to-0°C. V1ny1 magnes1um bromide (46 mL, IM in THF) was
added dropwise and the mixture was stirred for 2 h at 0°C. Water (20

AN

mL) was added to generate a white precipitate which was dissolved by\
addition of 6 N HC) (10 mb). The so]ut1on was extracted with ether
(2x100 mL) and the comb1ned*$rgan1c extracts were washed with brine (70
Ly, 3r1§d (MgS04), and concentrated..,The residue was’d1st111ed to
give 106 (3.2 g, 995 mmol): bp 115-116°C (0.4 mm); [a] 26
4.6 (1.13 M, CC1q); NMR (CDC13, 400 MHz): ¢ 7.30 (m, 5H), 5.85
(m, 1H), 5.13'(m, 2H), 4.53 (s, 2H), 2.28 {dd, 2H, J=3.5Hz), 1.80 (m,

_ . o

2H); 13CNMR.(CDC13, 15.08 MHz): ¢ 138.15, 134.99, 128.54,
127.80, 117.63, 73.39, 70.35, 68.95, 41.99, 36.02; IR (film): 3440,

1
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1640, 1100 cm~1; exact mass m/e 206.1307 (calcd for

C13H 80, 206.2873). : /

\ - (4-§f51§)-4—(lodonethyl)—6-(2—phenylnethoxyethyi)-1,3-d10xan—2-one
(107).

’ n-Buty11ithium (8u§ ml, 1.60 M in Hexane) was added to a cooled
(0°C) solution of alcohol 106 (2.90 g, 14.1 mmol) in THF (100 mL) |
and the mixture was stirred for 10 minutes at 0°C. The solution was

Warmed to room temperature and carbon dioxide was bubbled into it for

30 min. The reaction mixture Was again cooled to 0°C, and a solution

of iodine (11.4 g, 44 mmol) in THF (30 mL) was added dropwise.~ The
solution was stirred at 0°C for Z/E/ggg/then”TBF/EB/;in after the cold
bath had begg;ggmoyedff/Tﬁé/;;;;;fon mixture Qas diluted with ethyl
ffe/”/’iﬂiﬁiﬁirizéo mL) and the organic layer was washed with a solution
cdntaining 20% w/v sodium thibsu]fate and 5% w/v sodium bicarbonate
(100 mL), dried (MQSO4) and con;entrated. The residue was chromato-
graphéd over silica gel (3x10 cm; 1:1 ethyl acetate hexéne) to" afford

107 (3.67 g, 69%) as a 9:1 erythro:thréo mixture: NMR (CDC13,

400 MHz): ¢ 7.30 (m, 5H), 4.70 (m, 1H), 4.49 (dd, 2H, J=11.5Hz,
J=20Hz), 4.40 (m, 1H), 3.64 (m, 2H), 3.35 (dd, 1H, J=11H;, J=4.2 Hz),
3.23 (dd, 1H, J=11Hz, J=7.5Hz), 2.42 (ddd, 1H, J=14.5Hz, J=3Hz), 1.98
(m, 2H), 1.72 (ddd, 1H, J=i4.5Hz, J=11.5Hz); 13cNMR (CDC13, 22.5
MHz): ¢148.26, 138.04, 128.55, 127.80, 77.27, 75.86, 73.38, 65.01,
35.43, 33.56, 5.27; IR (film): 1740 cm~1l; exact mass m/e 376.0172
(calcd for CygqHy710g 376.1933).
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(4-5-cis)-2,2-Dimethy1-4-({odomethy1)-6-(2-(phenylmethoxy)
ethyl)-1,3- dioxane (108).

The iedocarbonate 107 was dissolved in dry acetone (50 ml)
and p-toluenesulfonic acid monohydrate (250 mg, 1,3 mmol) was added
‘The soTution was refluxed for 4 h, cooled, }and st1rred for another 1} h
at room temperature. Sodium bicarbonate (1.0 g) was added and - the mix-
‘ture was stirred briefly and then filtered. The acetone was evapoeated
and the residue was dissolved in ether (30 mL) and,washed‘withﬁawso1u:w;_
tion of 20% w/v sodidm thiosulfate and 5% w/v sodium bidarbonate (10
" mL), and dried (MgS0O4). Evaporation of the solvent, chrbmatogeaphy
of the residue over silica gel (3x15 cm, 1:4 ethy1acetate-hex&ne), and
distillation gave 108 (1.90 g, 63%): bp 150-155°C (0.2 mm) ;
[a]526 +7.2 (2.1 m, CH3C12); NMR (coc13, 400 MHz): ¢ 7.32
(m, 5H) 4.50 (two d, 2H, J= 12Hz), 4.06 (m, 1H), 3.84 (m, 1H), 3.54 (m,
2H), 3.10 (two dddd, 2H, J=10Hz, J=6Hz), 1.75 (m, 3H), 1.42 (s,§3H);
1.40 (s, 3H), 1.12 (ddd, 1H, J=11Hz, J=12Hz); 13cNMR (CDC13, b
50.32 MHz): ¢ 138.45, 128.30, 127.56, 127.51, 99.24, 69.16, 65.99,
65.90, 36.78, 36.34, 29.91, 19.88, 9.50; IR (fi1m): 1380, 1200, 1165,
11095 cm~1; exact dass m/e 390.0675 (calcd for C15H23103
390.2635); Anal. Calcd for Cighp3l03: C, 49.245 H, 5.90,
Found: C, 49.36; H, 5.85. , ‘
(2.3’ 4's, 2-endo)-2',4'-0- Iﬁ%brppylﬁdene—B—(Z 4'-d1hydroxy—6 -
(ﬁheny]nethoxy) hexyl)-Z-nethyl-6-oxabicyclo(3«3.1)non-3-ene—7—one ,
(140). ' | |

n- Buty1L1th1um (1.66 mL, 1.20 M in hexane) was added to a co1d

/c‘j:f d11sopr0py1am1ne (.280 mL 2 mmol) in THF (4 mL)
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under argon. The cold bath was removed and the mixture was stirred for
20 min. The solution was recooled to -78°C énd lactone 135 (152

mg, 1 mmol) in THF (1 mL + 0.5 mL rinse) was added dropwise. Stirring
was continued for 1.25 h and iodide 108 (390 mg, 1 mmol) in THF (1

mL + 0.5 mL rinse) was added to the enolate solution in one portion:
1,3—Dimethy1—3,4,5;6-tetrahydro—2-(IH)-pyrimidone (DMPU) (1.6 WL) was

added immediately. The mixture was stirred at -78°C for 1 h, the cold

bath was removed, and stirring at room temperature was continued for 36

77 hi—Saturated aqueous ammonium chloride (1 mL) was added and the phases

T e L

were separated. The organic phase was washed with bf?HEQ(IﬁhﬁE);ﬁdFTea““
(MgS04), and concentrated. The resulting yellow oi]vwaSXCnromato—
graphed over silica gel (20x2 cm;‘£:3 ethyl acetate-hexane) to give
140 ((268 mg, 65%), 75% based on recovered lactone 135 (216 mg)).
The material was homogeneous by TLC (silica, 1:3 ethylacetate-hexane);
NMR (CDC13, 400 MHz): ¢ 7.35 (m, 5H), 5.95 (m, 1H), 5.72 (m, 1H),
4.73 (m, 1H), 4.52 (m, 2H), 4.19 (m,.1H), 4.05 (m, 1H), 3.58 (m, 2H),
2.70 (m, 1H), 2.52 (m, 1H), 1.40 (m, 6H), 1.11 (m, 3H), 1.00-2.35
(complex system, 9H); IR (film): 1725 cm-l; exact hass (No M+),
m/e 399.2167 (calcd for CpgH3 0g (M-CH3) 399.5119.
(2'r, 4'S, nggggs-Z',ﬁ'fg-lsoprbpy11dene-8-(2',4'—dihydroxy-6'-
(pheny]methoxy) hexyi)-2-etﬁy1-6—oxabicyclo (3.3.1)—non—34bne—7—01‘
(143). | |

Dijsobutylaluminum hydride (1 mL, 1M in CHpC12) was added
dropwise to lactone 140 (200 mg,” .48 ;mo1) in dichloromethane (5

mk) at -78°C, and the mixture was stirred for 1.5 h. Saturated aqueous

ammonium chloride (1‘m1y was added dropwise to the_co1d solution and
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Ithe mixture was diluted with dichloromethane (30 mL). The mixture was
washed with water (10 mL), dried (MgSO4) and concentrated. The crude
product was chromatographed over silica gel (2x17 cm; 1:3 ethyl
acetate-hexane) to give 143a in equi]ib;ium with its open form

143b (137 mg, 68%) and starting material 140 (46 mg). The reac-

tion product (143a and 143b) was homdgeneous by TLC (silica,

1:3 ethyl acetate-hexane): NMR (CDCl3, 400 MHz): ¢ 9.48 (d, 0.15H,
J=8Hz), 7.35 (m, 5H), 5.82 (m, 1H), 5.74 (m, 1H), 5.40 (d, 1H, J=6Hz),
5.13 {m, 1H), 4.50 (m, 2H), 4.30 (m, 1H), 4.08 (m, 1H), 3.86 (m, 1H),
3.55 (m, 2H), 2.50 (m, 1H), 1.2-2.40 (m, 10K), 1.45 (s, 3H), 1.40 (s,

3H), 1.10 (s, 3H), 0.90 (m, 3H); IR (film): 3410, 1720 cm*T;‘EZEEtT“‘““‘"
mass (No M+), m/e 398.2458 (calcd for CpsH340q (M+-18)s

398.5471). |
‘(3'5,5'§,(51§)-3‘,5'5Qflsopropy11dene-5-(1'Tforuy]-3',5'-d1hydroxy—7'-
(phenylmethoxy) heptyl)-4-methylcyclohex-2-en-1-one (144).

Lactol 143 (980 mg,v23 mmol) was. dissolved in dry choloro-

form (32 mL) and sodium bicarbonate (300 mg) and manganese dioxide
(3.50’9) were added. The mixture was stirred vigorously for 48 h at
room temperature and more manganese dioxide (1.15 g)%andvsodium bicar-
bonate (100 mg) were-added. After a further 16 h of stirring the reaé-
tion was complete (TLC céntro], silica, 1:1 ethylacetate-hexane). The
mixture was filtered through Celite and the solvent was evaporated to
give pure‘aldehyde 144 (950 mg, 97%) which was homogenéoug by TLC
(Silica, 1:1, ethylacetate-hexane). NMR (CDC13, 400 MHz): ¢ 9.58 and
9.42 (two d, 1H, J=4Hz), 7.32 (m, 5H), 7.02 (dd, 1H), 5.98 (d, IH,

J=10Hz), 4.50 (m, 2H), 4.04 (m, 1H), 3.80 (m, 1H), 3.58 (m, 2H), 2.38
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(m, 2H), 1.75 {m, 3H), 1.65-1.20 (m, 2H), 1.48 (m, 6H), 1.10 (m,
3H); IR (CC1q): 1760, 1730, 1678 cm~l; exact mass (No M+) m/e
399.2501; (calcd for CpaH3105 (MY-15) 399.5127).
(3'5,‘5'§, éis)—3‘,S'fgflsopropyl1dene—5-(3',5'—d1hydroxy-7‘f
(ppenylnethoxy) heptyl)-4—-e¥hy1 cyclohex—Z-en—l;one (142).
Enone-aldehyde 144 (102 mg, 0.25 mmdl) was dissolved in dry
o benzene (5 mL) and Wilkinson's catalyst (240 mg, 0.26 mmol) was added.
The solution was refluxed under argon for 20 h and was then cooled té
room teﬁﬁerature. The benzene was evaporated(and the residue was Y,
chromatographed over silica gel (1.5x12 ¢m; 1:4 ethy1 acefate—hexane)
~—————to—gi¥e_1§2~Lﬁﬂ_mg*.6311,.uhich_uaq homogeneous by TLC (silica, 1:4
ethy]écetafe-hexane): NMR (CDC13, 400 MHz): 57130 (m, 5H4), 6.95 (m,

1H), 5.94 (d, 1H, J=12Hz), 4.50 (m, 2H); 4.04 (m, 1H), 3.78 (m, 1H),
3.55 (m, 2H), 2.60-2.10 (m, 4H), 1.78 (m, 2H), 1.45 (m, 1H), 1.40 (m,
6H), 1.60-1.20 (m, 4H), 1.15 (m, 1H), 1.04 (m, 3H); IR (Film): 1675
en-l; exact mass (No MY) 371.2227 (calcd for Cp3H3104 "
(M*-15) 371.8607). .
(S)-4-(1-Methylethy)-2-oxazolidone (153).73,74.75

A suspension of lithium aluminum hydride (27 g, 711 mmol) in
THF (800 mL) was étirredﬁvigorouslyxat‘0°C with a mechanical stirrer
and a slurry of (S)-valine (50 g, 427 ﬁmo]) in THF (500 mL), was added
slowly. The a‘ebbath was removed, the solution allowed to warm to room
temperature over‘30 min,:and the mixture was ref]u}ed overnight. The-
reaction mixture was recooled to 0°C and Celite (29 g) was added.

Water (29 mL) was carefully added dropwise followed by 10% (w/v)

aqueous sodium hydroxide (29 mL) and water (70 mL). The resu]t?ng

A



able mater1a1 was washed»thproughﬁy with'ethylxafetate (ca. 300 mL).

The filtrate was washed w1¢h 10% (w/vd aqy@éus sod1um hydroxide (2x100
mL), brine (100 mL), and dr1ed (&gSO4) ¢ Evaporat1on of the.. solvent

gave an oil which was d1st111ed toéﬁﬁfordﬂqg) va11no175 %gz 58 g,

94%): bp, 53-54° C (0*5 mm) whnch was dm5501ved in toluene (350 mL) and
cooled to 0°C. Aqueous pota551um hydrox1de'12 5% w/v (470 mL) was

added to the solution of (S) valinol. The two-phase mixture was

stirred vigorously at 0°C with a mechanical stirrer and a solution of
phosgene (79 g) in toluene (200 mL) was added dropwiser —The veaction .
mixture was allowed to warm to room temperature and stirring was |
continued overnight to allow excess of phosgene to evaporate into the
fumehood. The reaction mixture was transferred to a separatory funnel
“and the aqueous phase was washed with toluene (3x100 mL). The combined
toluene solutions were dried (MgS04) and concentrated to afford a |
yellow solid. Recrystallization from ethyl acésate and;he*ane g;vg O
white needles of 153 (24.3619, 45% from (S)-valine): mp 70-72°C
(19t.74 71-72°C) [] 25 +15,1° (7.0, CHC13) (19t.74 o
MJ]D +14.8° (7.0, CHC13)); NMR (CDC13, 200 MHz): ¢ 6.4 (br, 1H),1 A
4.46 (dd, 1H, 9=10Hz, J=8Hz), 4.13 (dd, 1H, J=8Hz, 3=104z), 3.64 (m, - .
1K), 1.76 (m, 1H), 0.94 (dd, 6H, J=8Hz, J=12Hz). '~? | ,s’jyﬁv
(5)-4-(1-Methylethy1)-3-(-1-oxopropiony1)-2-oxazoVi done R
(154).74 . | o .-
) E—Butylithium (40.1 mL, 1.57 M in hexane) was added dropﬂise : i'
(syringe pump) to a cold (-78°C) solution of oxazolidaone 153 4

(8.1533 g, 63.13 mmol) in THF (230 mL) over a period of 30 min.



s .
; ‘%he solution was stirred at . -78°C for a further 30 min and propiony]

"ch1oride‘Q%.5 mL, 63.13 mmol) in THF (20 mL) was added dropwise '
(syrigge pump) over 30 min. The reaction mixture was stirred at -78°C
; * for 45 min, warmed to 0°C over about 15 min, and stirred for another 75
hin at 0°C. Saturated aqueous ammonium chloride solution (5 mL) was
added and ihe THF was evaporated from the mixture. The residue was
partitioned be}ﬁeen ether (100 mL) and saturated aqueous sodium bicar-.
~bonate (30 mL). f:s'organic phase was washed with brine (30 mL), dried
(MgSOz), and concentrated. The residue was distilled to give 154
(10.3845 g, 89%): Pp, 162-166°C (17 mm). |
. (S, S)-4-(1-Methylethyl)-3-(2-2-methyl-1-oxo-4-pentenyl)-2-
oxazolidone (155).73 h
n-Butyllithium (36.2 mL, 1.57 M in hexane) was added dropwise’
over 5 min ‘syringe”bump) to a cooled (0°C$ solution of diisopropyl-
amine (7.9 mL, 56.15 mmol) in THF (100 mL). The solution was stirred
“at 0°C for 10 min and then coo]éd to -78°C. Oxazolidone 154 (8.00
g, 43.19 mmol) in THF (15 mL) was added dropwise (syringe pump) over 10
min and the:solution was stirred at -78°C for a further 10 min. Allyl
:bromide (11.2 mL, 129.56 mmol) was tﬁén?added in one portion. The cold

. *
bath was removed and the"reaction\n’.}ture stirred for 2 h. Saturated

aqueous ammonium Chlo;ide (7 mL)H;é: added. The organfc phase was
washed with 10% HC1 (50 mL) and brine (50 mL), dried (MgS0s), and
concentrated. . Thé fesidue was chromatographed over silica gel (5x20

cm, 1:3 ethylacetate- hexane) and distilled to give 155 (7.11 g,
73%3): bp, 172-176°C (17 mm); [a]l)?ﬁ +60.2° (1.71, CHaClp),

o«

(1it.73 ol +62.9 (3.48, CHoC12)); NM@@@CDC13, 400

\ ' }
b
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(m, 1H), "2.22 (m, 1H), 1.16 (d, 3H, J=8Hz), 0.90 (dd, 6H, J=8Hz,

A temperatureiover 30 min. The solvent was removed and”thé%residue was
S . : .

2840 (d), 17.91 (q), 16.16 (q), 14.64 (q); IR (film): 1780, 1690

- | _) » ; - '
MHz): &5 .80 (m, 1 .08 (m, 2H), 4.48 (m, 1H), 4.28 (dd, 1H, . ~84z),
: Voo P

1

)

‘\

3 12Hz) 4.22 (dd, 1M, J=12Hz, J=4Hz), 3.90 (m, 1K), 2.50 (m, .34

J=16Hz); 13CNMR (toc13, 50.32 MHZ): ¢ 175.40 (s), 153.67 (s),

;35,22 (d), 116.99 (t), 63.10 (t), 58.44 (d), 38.16 (t), 37.12 (d),

em-l. . f ' " SR
(S,-S)-3-(3-(i,3)—DiOxolan-2-y1))-ZLlethyl-1-0xopropy1-4(-1-

ol

#

lethylethyl)-2-oxazolidone (157). : :

-

- 0zone ‘was bubb]ed through a cold so]ut1on of 155 (3 98 g, '
¢

~17.68 mmo1) in- methan01 (20 mk) for 5.2 h (1.1 eq). The excess, of

ozone was removed with a stream of argon and d1methy1 su1f1de (2 mL)

was‘added.. The cold bath was.removed, and thersolut1on warmed to room -
S B . . . N ) ?
.

dissoﬂved in benzene (50 mL).. ] Ethy1ene g1yco1 (8 mk) and a cqtalyt1C'

amount of pfto1uenesu}fon1c acid were added The react1on m1xture was’

J ref]uxed for 36 h us1ng a Dean Stark apparatus f111ed ﬂgth mo1ecu1ar

's1eves (3A) The mixture was cooled, and 3A molecu]ar s1eves (250 mg)

'V

© were added and st1rr1ng wasacont1nued fpr 30 m1n The react1on mixture -

A
oy -

‘ Was f11tered and the benzene was’ evaporated The residue was parti-

‘&

-, t1oned,between ether (50 mL) and saturated aqueous sod1um b1carbonate ,

o

@0 mL) - The organwc phase was washed w1th water (30 mL) and br1n (30

mL) and drled (MgSO4) The so1vent was evaporated and the res1due

4,
A

was chromatognaphed over s1l1pa ge] (3x20 &m 2:5. ethylacetatehexane)
f

to gvve 157 (3 289, 68%) as . a wh1te\SOQ1d ‘m 52 53° C 5NMR o ',<

-

(CDC1a, 200 MHZ) & 4. 94 dd 1H," J=4fz.. J=6Hz). 4 44‘(m 2H) '



4.05 (m, 1H), 3.84 (m, 4H), 2.35 (m, 2H), 1.76 (dt, 5A, J=8Hz, J=14Hz),
1.20 (d, 3H, J=8Hz), 0.90 (m, 6H); 13CNMR (CDC13, 50.32 MHz): ‘
£176.64 (s), 153.56 (s), 102.76 (d), 64.96 (t), 64.47 (t), 62.84 (t),

58.53 (d), 37.38 (t), 32.81 (d) 28.08 (d), 18.04 (q). 17.87 (q), 17.34.

(q); IR (f11m) 1770, 1690 cm'l, exact mass m/e 271.1414 (ca]cd
for C13H21N05, 271.3164); Anal. Ca]cd for

R S
" C13Hp1NOg: C, 57.55; H, 7.80; N,IS,;6. Found: C, 57.35; H,

© . 7.70; N, 5.05.

' (R)-2-(2-Methy1 but—3—eny1) 1 ,3-dipxolane (150)
Oxazohudone 1%(& 2. g 11 79 mmo]) in THF (14 mL) was
,added dropw1se'£p’a cﬁ?ﬂedqu Q SUSpenSTQn of 11th1um a¥um1num hydride
(l 34 g, 35.38 mmo]) 1n\THF (40 mL) over 5 min. The solution was
st1rred at 0° C for 15 min, the ice bath was removed and st1rr1ng‘:as
. cont1nued for 40 m1n - The react1on mixture was cooled to 0 C and -

’ "Ce1ite (3.5 g) was added. water (3 mkd, 10% (w/v) qqueous ;od1um |
hjdrokide (3 mL) and water (30 mL) were\added and the white solid was
4 f11tered through Ce11te The filtrate was dried (MgSO4é and concen-,
o trated to g1ve crua% alcohol 1§s (1.41 g, 82%) that was about 90%
pure (EN)MR - " : ‘“‘*' o S Co S

OxaTyl ch]or1de (0.85 mL, 9.78 mmo]) was dissolved in d1chlor—

methane (fS ml,) and cooled to -78 C D1methy1 su]fox1de (1. 4 m., 17. 78“ -

’ mmo]) in d1ch1oromethane (5 mL) was added drobw1se (syr1nge pump ) over
R o . Y. * 1

‘a period of 10 min.. pThe so]ut1on was st1rred for 10 m1n at 78 C.and

.*“_ crude alcohol f58 in d1chﬂoromethane (5 mL) was added dropw1se

(syr1nge pump) and st1rred for another 30 m1n Tr1ethy1am1ne (6@2 m,
® e
1. 44,50 mmo]) was added dropw1se and the sohyt1on was st1rred at. -78°C

L]
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for 5 min, he so]ut1on was a]]owed to waTm stowly to room temperature
over ca. 457 in. water (10 mL) was added(ahd the reaction mixture was
extracted w{th dich]oromethane. The aqueous phése was Washed with
dieh]oquet$ane,(20 mL). The combined organic phases were washed
successively -with 10% HCY (30.mL), water‘(ZO mg), saturated‘aqueous
sodium bicarbonate (30 mL), water (20 mL), and dried (MgS04). The
dichloromethane was removed by distillation through aVV?geéaux_column
,andlthe residue was chromatographed over silica gel (3x20 cm, 2:5

. ether-dich]ofomethade). The solvent again-ﬁas removed by d%st111ation
“through a Vigreaux column and the crude aldehyde 159\!as d1sso1ved

in THF (10 mL). Methy1tr1pheny1phosphon1um brom1de 3\\3\9, 8. g@ mmol)
in THF (50 mL) was coo]ed to 0°C and n- buty111th1um (6 mL, 1.4 /M in
Hexane)"was added dropwise. .The dark orange- -brown so]ut1on was st1bred
for'l h and the- a]dehyde so]ut1on was added dropw1se over 5 m1n The

-3

reaction was allowed to proceed for 1 h at room temperature. The

m1xture was poured 1nto water and the aqueous phase was extracted with’
- ether (2x30 mL) The comb1ned organ1c phases were washed w1th br1ne

2

(1x40 mL), dried (MgS0O4), and concentrated by normal distillation é///’

through a V1greaux column. The residue was thomatographed over's11ic .

gel, 3x20 cm, 1:5 ether- pentane) to give 150 (759 @g, 45%) from J
oxazo11done 157 bp, 102-108° c (700 mm); [a]£)25 -0,91 (4.09, ° }
CHC13); NMR (CDC13, 200 MHz): ¢ 5.74 (m, 1H), 4.96 (m, 2H), 4.86
(i;i}H, J=6Hz), 3.95‘(m, 2H); 3.84 (m,jzn), 2;40 (h, 1H), 1.66 (5; 2H),
1.05 (d, M, J=8Hz) -w)3fCNMR (CDC13, 100.64): ¢ 143.f6_§d),

x;

112.83 (f), 1p3 45 (d), 64.70 (t), 40.49 (t), 34.00 (d), 20.49 (q);

IR (Fﬂm) 1640 cm"l;' exact mass m/e°1Q2.1436 /((Ea]Cd, fO.f‘;
CgHr40p 142.1966).



s o ' B ‘ .

(§)-4-(1-Hethy1ethy1)—3-(1-oxobuty1)-Z-Qxazolfdohe (162)77

n- Bu£y111thium (44 mL, 1.55 M in hexane, 2,2'-dipyridyl as
-1nd1cator) was ‘added dropwi'se (syringe pump) to a cold (-78°C) solution
of oxazo11done 153 (10.0 g, 77.42 mmo1) in THF (270“mL) “under argon
over 30 min. The so]ut1on was st1rred at -78°C for a further 30 min
and butyry! ch1or1de (8 mb, 77.42 mmol) in THF (15 mL) was added (via
syringe pump) over 30 min. The react1on m1xture was stirred at -78°C
for 30 min, warmed to 0° C over about 10 m1n, and stirred for another 30 (/
min at 0°C. Saturated agueous ammoni um chloride (10 mL) was added.
The organic phase was separated and washed with saturated sod1um bicar-
bonate (30 mL) and brine (30 mL), dr1ed (MgSO4;) and.concentrated
The res1due was distilled to give oxazo11done 162 (14. 05 g, 91%) - .

| wh1ch was homogeneoquby TLC (silica, 2:5, ethy]acetate -hexane): bp,

" 166-168°C (17 mm); NMR (CDC13, 480 MHz): 6 4.35 (m, 1H), 4.15 (m,

WZH), 2.90 (m, 1H), 2.80 (m, 1H), 2.35 (m, 1H), 1.68 (m, 2H), 0.97 (t,

déH,,J=9Hz)4 0.89 (dd, 6M, J=8Hz, J=16Hz); 13CNMR (CDC13, 50.32):
€179.50 (s); 153.14 (s), 63.30 (t), 58.32 (d), 37.28 (t), 23.38 (d),
17.90 (q) 17"84 (t); 14,62 (q), 13.57 (g); IR (film): 1770, 1690

_eml; exact mass m/e 199 1205 {calcd for C10H17N03,

199\2514); Anal. calcd for CygHy7NO3: C, 60.28; H, 8.60; N,

7.03." Found: C, 60.54; M. 8.56; N, 6.67. -~

(S S)-3-(2-Ethy1- 1-oxo—4-penteny1)—4-(1—nethy1ethy1)—2-oxazglidoue-“”4\

(163).77 ® |

n-Buty11ithium (29.0 mL,.l.47»M in hexahe) was ;dded’dropWise -

over 10 min. (syringe pump) to a stirred solution of diisopropylamine

Y
-
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(S)-4- (1-Nethy1ethyl) 3-(1-oxobuty1) Z-oxazolidone (162)
n-Butyllithium (44 mL, 1.55 M in hexane 22 d1pyr1dy1 as indi-
: cétor) was added‘drobwise (syringe pump) to a cold (-78°C) solution of
oxazolidone 153 (10.0 g, 77.42 mmol) in THF (270 m1) under argor
'over 30 min. Thg‘so1ution was stirred at -78°C for a further 30 min
and butyryl chloride (8 ml, 77.42 mmol) 1nFTHF (15 mL) was added (via‘
syringe pump) over 36 min. The reaction mixture was stirred at -78°C
for 30 min, warmed to 0°C over about 10 min, and stirred for anéther 30
min at 0°C. Saturated aqueous ammonium chloride (10 mL) Was added.
The organ1c phase was separated and washed with saturated sodlum bicar-
bqlgrg (30 mL) and brine (30 mL), dried (MgSO4), and concentrated.
The residue was distilled to give gga}oﬁdone 162 (14.05 g, 91%)
which was homogeneous by TLC ({silica, 2:5, ethy]aéetate-hexane):, bp{ﬁ
" 166-168°C (17 mm); NMR (%&913,, 400 MHz): ¢ 4.35 (m, 1H), 4:15 .(m, ‘
2H), 2.90 (m, 1H), 2.80 (m, dH); 2035 (m, 1H), 1.68 (m, 2H), 0.97 (t,
;-3H,W}”=.9Hz 0.89 (dd, 6H, J=8Hz, J 16Hz); 1.1'3CNMR'('CDC13, 50.32): - dea..
e 179250 (s), 153.14 (s), 63.30 (t), 58.32 {d), 37.28°(t), 23.38 (m
17.90 (q), 17.84 1, 1432 (q), ), 13. 57 (q) -%mw@fnmf 1770, 1690
cm‘lg exact mass m/e 199.1205 (ca]cd for C10H17N03, '
199.2514); Anal. caled for CioH1NO3: ‘g’c 60.28; H, 8. 60 N,
7. 03 Found: C, 60.53; H, 8.56; N,°6. 6@?”
(s, s) -3-(2-Ethy1- 1-oxo-4—penteny] )-4-(1-methy] ethy])—z-oxazolidone
(163). 77 -. - | A \\‘ L
| n—Buty11itHium (29.0 mL; I.4Z M in hexane) was adﬂéd'drdhwigéfﬂ‘
over 10 min (syrinéévpump)Ato a(sfikred_solution of dfiQop}qpyl-amige
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©2H), 4.48 (m, 1H), 4.25 (m, 2H), 3.90 (m, 1H),.2.40 (m, 3H), 1.64 (m. ¥
2H), 0.99 (m, 9H); 13 CNMR (CDCI3, 50.32 MHz): ¢ 175.78 (s), |
'153.72 4s), 135.28 (d), 116.81 (t), 62.98 (d), 58.81 (d), 43.71 (d),

Lo

~

(5.9 mL, 42.41'mm01).in THF (16%*mL) that was cooled to 0°C. Stirring

was céntinued fd} 10 min at 0°C and the'solution was cooled to -78°C.

- Oxazolidone 162 (6.5 g, 32.62 mmol) in THF (20 mL) was added drop-

Wwise over 15 min. Stirring at.-78°C was cont1nued for a further 30 -
min, and a]]yl brom1de (BJSﬁnL 97.87 mmol) was then added in one por-
tion. The cooling bath was removed, and the mixture was stirred for 2

h at room temperature. .Satdratéd aqueous ammonium chloride (10 mL) was
addéd. The organic phase was separated, washed with 10% HC1 (30 my)

and brine (30 mL), dried (MgSO4), and concentrated.. The résidue was

chromatgat lf ver silica gel (5x25 cm, 1:3 ethy]acetate hexane ) and
T§§Q3*463 (6.15 g, 79%): b, - 164- 16%”@ (17 mm),

J.(1.08, CHC13), (14t.77 @], 20 +g2.47

TOMCT3)); NMR (CCD13, 200 MHz): 6 5.80'(m;»LH),~5;10.(m,

oy
b

36.42 (), 28.36 (d), 24.41 (1), 17.92 (), 14.57 (q), 11. 51 (q); IR

- (film): 1775, 1690,, 1640 cm- L; exact mags m/e 239. 1520 (ca]cd for -

, @31 03 239, 3172); Anal. " Caled for Cq3Ha g
XC, 65.25;°H, 8.84; N, 5.85, Foy' £ C, 65.03; H, 8.65, N, 5.71.

(S $)-3-(3-(1 3~Dioxo]an-2-y1))-2—ethyl l-oxopropyl-4-(1-lethylethy1)
-?-oxazolidone (164). . ,

Al

Ozone was bubbled through a co]d (- 78 C) so]ut1on of oxazol1—

: done 162 (5 38 g, 22.47 mmol) in methanol (20 mL) for 6.4 h (1. 1

eq). Excess,of ozone,was removed by a,stream of argon and
: n- g - ° co. L ’ .

. a . .
RN k il .
. - \
4 3 L} . R
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dimethyl sulfide (4 mL) was added dropwise. The reaction mixture was
allowed to warm to room temperature over 15 min. The solvent was

evaporated and the res1due was d1sso]ved 1n benzene 35 mL) Ethylene
¥

glycol (10 mL) and a cataTyt1c amount of B-to]uenesu]fonwc acid were

K

added. The reaction mixture was refTuxed for 36 h using a Dean- Stark

R

apparatus filled w1th molecuTar sieves (3A). The mixture was cooTed

to room- temperature and 4A‘r01ecu1ar sieves (500 mg) w!*e added The

‘m1xture was then stlrred for 1 h and soT1d sod1um bi%Fbonate (400 mg) _

was added, and’ the soT1ds, after br1qﬂgst1rr1ng, were. removed by f1T-
e Ry :

vtrat1on ~The benzene soTut1on Wwas evaporatedaaa&ythe res1due was par-

titioned between ether (50 mL) and saturated aqueous sod1um b1car@pn%%e‘ff
\ BT e

1(2Q mL) The organ1c phase was washed success1ve1y w1th water 30 mL)
\

\lsgd br1ne (30 mL), and was dried (MgS0q4). The soTvent was evaporated

s

T

d the residue was chromatographed over s1T1ca gel (5x23'cm; 2:5 ethyl
acetate-hexane) to give 164 (4.37g, 68%); NMR (CDCT3,A2OOXMHZ): ¢

4.95 (dd, 1H,* J 4Hz , J=5H§),l4.45 (m, 1H),”4.22 (m;_lHT, 4.05 (m, 1H),
3.86 (m;L4H), “(m,)zu), 1.80 (m, 3H), 0.90 (m, 9H); 13CNMR |

(CDC13, 50.32 MHz); ¢ 176.01 (s), 153.31 (s), 10281 (4), 64.92 (t),

64.43 (t), 58.57 (d), 38.67 (d), 35.34 (t), 28.03 (4), 26.08 (t), 17.85

(¢), 14.22 (q), 1%11 (q); IR (mm 1780@£95gx wt mass
Calcd for

m/e 285.1570 (caTcﬁ for C14H23N05, 285\343) Anal. C
C14H23N05, ¢, 58.93; H, 8. 12 N, 4.91. Found: " C, 59.44; H,

v‘8 08; N. 4.75. - S e

(R)-(2-Ethy1-3- b“te“ﬂ) 1,3-dioxalone (151). . , @ .
Mdehyde,J64 (1.2467 g, 7.78 mnol) dissolved in THF (10 ml)

was added dropwise to a.cooted QQ°C)h§u§pensﬁon-of Tithigm-aluminium

) =
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hydride (497 mg, 13.11 mmol) in THF (Sd mL): The reaction mixture was
stirred aj 0°C for 1 h. Celite (0.5 g) was added, followed by water
(1.5 mL), 102 (w/v) aqueous sodium hydroxide. The resulting white
solid was fi]tereg‘end washed thoroughly with ether. The filtrate was
dr1ed (MQSO4) and eyaporated. Dfsti]]ation of the residue gave the
crude'd1coho1 (565.2 mg, 3.51 mmol)v86%;puré%by NNMR, which was dis-
;o1ved'in dich]ordmethane (5 mL). Dimethyl sulfoxide (0.55 ml, 7?32
mmol) in dichloromethane (5 mL) was added dropwise (syringe pump) to a
cold (-78°C) solution of oxalyl chioride (.34 m1, 3.86 mmol) in
dich}erdmethahe (5m). The solution was stirred at -78°C for 45 min
" and triethylamine (2.45 mL, 17.55 mmol) was added “The solution was
st1rred am 78 C for 5 min more, the co]d bath was removed andth@“ 5”ﬂ"r
lF‘so%ut1on ‘'Was afﬁowed o Wirm” to room temperiture over 30 min. ‘Jﬂater |
(20 mLY was added and the ]ayers were se;arated. The aqueous phase was
. washed with dichloromethane (30 mL). The combined organic so1dti0ns
were washed successively with 10% HC1 (20 mL), water (20 mL), saturaied
aqueous sodium bicarbonate (26 m.), and dried (MQSO4). The}so1ut10n . %Qg
was concentrated by norma1 disti]]ation through a Vigreaux column qndiE?V;ﬁé
the crude aldehyde was dissolved in THF (5 mL). n-Buty11ithiumA(27¢a,y9{3%
o147 M, in hexane) was added to a cooled (0°C) solution of methyl-
triphenyphosphonium bromide (1.25 g, 3.50 mmo1) in THF (50 ml) underh
argon. The so]ut1on was stlrred for 30 min at 0°C. The crude a]dehydé
solution was'addéd to the ¥1¥de;so1ution dver-5,min and the mixture W
stirred for 5 h at rdbm.tehperatdre. The mixture 1@5 poured into wat;;;7
and. the phases were separated The aqueoue 1ayerﬂ#as~washed with ether

(2x50 mL ) and the comb1ned ether extracts were washed with brine .

’ 0 ’



by

L S
(50 mL), dried (MgSO4),J and coqgentrafed'by distillation through a
Vigreaux column. The residue was chromatographed over silica ﬂge1 (2x17
cm, 1:5 ether-pentane) and distilled to give 151 (0.49 g, 40%) from
aldehyde 164. bp, 102-108°C (700 mm); [d][)25 -0.091 (l.QO,h.”
| CHC13); NMR (CDC13, 200 MHz): ¢5.60 (m, 1H), 5.00 (m, 2H), 4.84

(t, 1H, J=6Hz), 3.95 (m, 2H), 3.80 (m, 2H),?.;15 (m, 1H), 1.66 (dd, 2H,
' :

J=6Hz, J=8Hz), 1.34 (m, 2H), 0.85 (t; 3H, J*BHz); 13cNMR (CDC13,

©100.64); ¢141.95 (d), 114.74(t), 103.43 (d), 64.68 (t), 41.73 (d),
38.75 (t), 27.90 (t), 11.29 (q); IR (film): 1635 cm-l; exact mass

(No M") 127.0755 (calcd f%aC7H1102 (M-29) 127.164\,2&)53:;;_;\“1 .
}\:W?'r - l ‘

,"69.505 H,

Kool S

Calcd for CgHyg0p: C, 69.20; H, 10.32, Found: C

10.23. P .
3 : S .
, . W

.S
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