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ABSTRACT a

The txtle compound, 1, 3—bzs(trxmethylslloxy)-4-chloro-1-

@ methoxybuta-l 3-di¢ne (34). was synthesized and its stereo-'-3
chenistry assigned. Reactions of 34 with electrophiles
dontgining single reactive sites established the reactivity of
the .C-2 vs C~4 sites. Titanium(IV) catalyzed cycloaromatx-
zation reactions of 34 with various 1,3 dlelectrophzies was
investxgated and the synthesis of the ant;-fungal agent
Griseofulvin was attempted.

Condensation reactions of 34 with 1,4 dielectrophiles gave

highly functionalized 8-membefed bicyclié’systems as products.

With this type of reaction as a first step, the synthesis of

L

Nonactic ac1d, a precursor to the natural product Nonactln,

was attempted. /

Initial studies were done in the synthésis of a 3-chloro

analog of the title compound 34. B
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<

.- Le composé d';nteret, le 1, 3-bxs(trxmethylsxio;y)—4-chloro—1-
methoxybuta-l 3-diene (34), fut: -préparé et sa stereochlmle a

été établie. Les réactlons du composé 34 avec‘@esdélectro-

philes ne contenang qu'un site reéactif ont etabli la ré-

°act;vité sélective des sites C-2 comparés aux sites\c;4. La

cycloaromatisation catalysée par du titane(IV) de ce composé

avec plusieurs 1,3~diélectrophiles a été etudiée, et la - ¢

-

N = + R -, -
préparationfge_l'agent anti-fongique Griseofulvin a ensuite ete
! , ..

»

_tentée. . ‘ ' ’ .

Les réactions de condensation du composé 34 avec des 1,4-

di€lectrophiles ont produit des systémes bicycliques a 8

-

eléments qui contenaient plusieurs groupes fbhct{onnela. Ce
genre de réaction a §£é employé comme premidre &tape pour
tenter de préparer de l'aciée ndnactique—qui est un érécurseur
de 1la nonactzne, un ptodu;t naturel.

Des\itudes prelxmlnaires portant surl la synthese d'un
composé 3-chlorofanalogue au’ compose d’interet 34 ont éeté -

faites. o \\ ] : ¢
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ZINTRODUCTION

¢ 0

| gilyl eno} ethers 1 and silyl ketene acetals 2 have been
used ‘extensively in recent years in the alkylation of satu-
‘rated and unsaturated carbonyl compounds, cycloaromatization
reactions, and in a variety of other synthetic transforma-
tiogs.‘hs a result, they have surpassed all other enolate
dgrivatives in usefulness. Their wide applicability’in o;ga ic
synt@esis is due in part to their ease of preparation, clean ~ °

reactions, the mild conditions under which desilylation takes

place and the high stereoselectivity in their reactions.

Three phases in the development of silyl enol ethers as
synthetic reagents have been described:l
1) capture of enolate anions by silylation, isolation of
the silyl enol ether so formed,‘an@ regeneration of the

enolates to react with electrophilesyunder basic con-

ditions; . )
2) reaction of silyl enol ethers directly with electro-

philes under neutral or acidic (Lewis-acid catalyzed) :

conditions;

3) other uses of silyl enol ethers to give products other
than those obtained from the "enolate" and "enol"

phases above, - ‘

e
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Beforé_prgceeding with ‘a description of the chemistry of

.

silyl enol ethers, it is important to review some bf the chem-

?stry which led to the development of this new methodology.

The Formation of Carbon-Carbon Bonds

The Aldol Condensation

"In organic synthesis, the carbonyl group is intrinsically
!

electrophilic, Ther%j;re a variety of carbon-carbon bond form-
ing” reactions that are related mechanistically, which take '
advantage of this fact in that they involve the addition of a

carbon nucleophile to a carbonyl site according to: Figure 1.
§ ' )
(o’
~-
, —C C r 4 A
7/ ( /*\ |

v —

- Figure 1

One of the oldest and most important of this'class of

reaction is the Aldol Condensation, or the acid or base cata-

lyzed condensation of 5gzones and aldehydes. The term Aldol
condensation is a general term which encompaéses a variety ?f
reactions including self-condensation of ketones and alde-
hydes, mixed r;actions betweén different .carbonyl compounds as

well as reactions in which enolates or’gnols act as the

nucleoéhilic species 'in reactions with ketones and aldehydes.

2
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Examples of each reaction are given in Scheme 1.%
!

CH, CH,CH,cH=0 K2t ch,cn, cu,énzncn =0

(cu,),cgcu,+ PhCHO — (CH,),Cg(_:H=CHPh

Eu,cpzc,n-l, + LiN(Si{CHy),),— LICH,CO,C,H;

HO__ _ CH,CO,C;H,

Schemeﬁl

As useful as they are, aldc;l Yeactions have limitations.
The equilibrium constant for ketones is not always favorable,
although a method has been developed where acetone vapor is
passed over b;titm hydroxide (an insoluble basic cata)ly‘st)

using a Soxhlet extractor. The condensation product is ob-

tained in reasonable yield.3 (Scheme 2) fa-
. . . OH
Ba!OH !5 ) I o
2CH,COCH, =—= CH,?CH:CO CH,
CH,
y Scheme 2
3

4
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Condensations of aldehydes often proves to be difficult

a

because both the starting
side reactions, including

aldol condensations to be

materials and products are prone to
polymerization., Also, for mixed

useful, there must be some ap-

preciable selectivity in the reactiod}/namely, one component

of the reaction must be more likely to act as the nucleophile

while the other should behave as the carbonyl acceptor, If the

reactivities of the two components are too similar,

then a .

mixture of two self-condensation products as well as-both

mixed products can result. An example would be the condensation of

two different aldehydes. (Scheme 3)

RZNcHO + RZ NcHO

\'J/A

The Mannich Reaction

Another reaction which can be represented by Figure 1 is

Scheme 3

ey EEas s
A
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the Mannich Réaction which has been used in the synthesis of

nitrogen containing natural froducts as well as in many other
synthetic transformations, By this method, a-alkylatioh of
ketones and aldehydes is carried out in mildly acidic solution

" with dialkylaminomethyl groups.? (Scheme 4)

*

5 H -+ -
CH,=0 + HN(CH,), == HOCH,N(CH,), = H,0 + CH,=N(CH,),

+ n_,
CH,=N(CH,), + RCH,CR —— Rg:,u(cu,) -

Scheme 4

The synthetic utility of thismethod comes.in part from the
further reaction of these "Mannich bases,” and often involves
the elimination of the amine function from the a¢a~amino ketone

to give o, § -unsaturated keto}xes. (Scheme 5)

*
7

(cu,),cn CHCH=0 -4, (cH, ),c\-i c CH=0
CH,N(CH, ), : -cﬂz ,
Scheme "5

This reaction also has its limitations. Studies have shown
that Mannich zeaction products from unsymmetzical ketones are
gene:ally those which result from attack at the more highly
substitug:ed a-position corresponding to the more stable

enol.5 {Scheme 6) 1
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F
' CH, o H,0 H
+ CH,O + (CH,),NH’CI _.Z—’ c":”(c"'):
- 0%
. (c,),NeH _CH, i
30%
séheme 6

e

The Michael Reaction )

An «a,f -unsaturated carbonyl system can react in an elec-

trophilic manner as depicted in Figure 2.

FPigure 2
. " ’
®

. In this respect, the Michael Addition can be viewed as a

~

vinyligous aldol condensation where a nucleophilic carbon
Y .
speciés adds to an electrophilic multiple bond, typically an

a, § -unsaturated ketone or ester,S (Scheme 7)

[y

0
. o .
Scheme 7 P
. s '

ty

L
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" The Michael reaction is normally carried out under basic:

conditions and the product, ael,S dicarbonyl compound, tends
to undergo further reactions in the p;:esence of base; éide
reactions and self-condens;tion frequently occur as well,
.Acid catalyzed Michael reactions are known but these products
also undergo further transformation.

- I

a -Alkylzition of Carbonyl Compounds

¥

In orxganic aynthesis,' the carbonyl group is also poten-
tially nucleophilic, thereby making 'a-alkylzition possible
ay ,

according to Figure 3.*

Figure 3

The most obvious method of a-alkylation of a carbonyl com-
pound, whether it be an aldehyde, ketone or ester, would be

treatment with base and an alkyl hal ide. (Scheme 8)

~

& :
*In cases uh‘erg the electrophile is a carbonyl compound, this

reaction can be considered as a type of Aldol condensation as

described earlier.
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There are several problems with this method, however, Proton _

transfer betwWeen the enolate anion and the unionized carbonyl

compound can occur at a comparable rate to the ‘SNZ reaction

with the alkyl halide. (Scheme 9)

&

o- o '
A s AR =

Scheme 9

.u>=o
¢

®

This results in the recovery of unalkylated carbonyl compound
3 and mu;tiplé alkylation:? (Scheme 10)

i n ' :
¢

'LR Y i R /
R A
R
’ T . Scheme 10 .
¥, 1\ " " .

These problems are well illustrated in Scheme 11.8
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Other problems with this method include; (i) O-alkylation
instead of the desired c-alkylatién, (ii) coﬁpeting aldol con-

d;n“saticns and (iii) ~a specific enolate may not be’ alkylated
regiospecifically. '

A common solution 'to some of these problems ha@b,g)en the
use of g@-dicarbonyl compounds. The addition of a second
electron at/tacting substituent zenders the resulting carhan—
ion quite stable and gives the reaction a high sggcificit;r.
Also, ﬁ-dica;zbonyl compounds are less prone to polyalkyl-

ation.? (Scheme 12)

.0 O o O o

)’\/u\ M R—x N’\R |

Scheme 12 . a

[4

with the use of a very strong base, sequential deprotona-
tion~ean occur to give dianions. Alkylation takes place at the

6ore basic enolate function, i.e., alkylation occurs at the

. terminal anion.l0 (Scheme 13)

o«
:
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The Use of Enol Derivatives o C .

Among the first class of enolate eq@ivalents to be developed

were enamines, first inttoduced‘by Gilbert Stork in 1954.1}
(Scheme 14) - Muoo T DU

Scheme 14 . ‘ o

/

Enamines were“fquqd'ﬁq‘be-more reac@iVe'ﬁﬁQn enolate  anions
and their reactions wére generally free of éialkylation pro- 3

1
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ducts. Their use was restricted, how'eyer, to alkylation on the

less substituted side of unsymmetrical ketones, Also, these

reactions did not work particu;l.arly well with aldehydes and

N-alkylati,on is often a serious competing reaction.
stork-then found lithium enplates to be a viable aﬁ]:._tema;-

tive to enamines. They were better behaved than the correspo:a-

ding sodium or potassium enolates and provided reasonable

reactivity while retaining a certain degree of control during

. the course of the reaction.l? (Scheme 15)

H!I
' m “Ht m NH:
o o-Li*’
. . “'c‘",

shheme 15 \ - | W e

Hdwévér, enolate equilibration'will often make i:egio-

;pécific alky“latign impossible. For a given metal enolétg-.

- anion the rate of alkylation varies with substitytion accor-:

ding to Scheme 16.13 - o T
Ns) R. oL - .. O |
=y = =

. .chgn;e 16 -
'_Ag an example, the regiospecific alkyla?:ibn on the leés sub~ .

séitm;ed side of a methyl alkyl ketone 4 is not possible '

. Coa- A1l
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more reactive isomeric enclate 5.l4. (Scheme 17) = ~
Lot - o o
\)\ — \/k \)\ ———3—-» ‘
27 '/.
. R
+ N - .
. 18
, Ph”
- Scheme 17

¢

Therefore, the generation of spe cific lithium enolates under
n’on-oquilibrating\ conditions becamg of paramount importance.
Stork found silyl enol ethers to bé the most effective pre-

' cursor to lithium enolates. By this method the metal enolates

were trapped as the isolable silyl derivative from which the

enolate could be regenerated and subsequently alkylated.l5 B

(Scheme 18) B "
' ) ! OSiMe,
Base ’
e CH,LI
LDA ’ .
g .
E 3
e‘«\‘ :
. ‘ ‘ ) : R
Scheme 18 - ~ ' B
@ i % -
112
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silyl enol ethers were used with the expectation that that
they could be readily‘cleavcd by organometallic teagenéa.
Also, the~products of the reaction would be the ]:ithitxm enol-
ate and u;:eactive tetramethylsilane (TMS). Prev’;‘t'ius syi\theses o'f
_1lithium enclates often produced lithium alkoxides.as byprod-
ucts which often enhanced the formation of di- and poly- '
~alkylated products. . .

The structural mtegnty of the enolate is retained during

the subsequent alkylatxon as illustrated in Scheme 19.]'6

OSiMe, OLi o

OLi

Scheme 19

~
K

/ This ;nethod, however, wyould only be reliable when the

alky'lating agént was a rea.ci:ivé all;gl hal idef/;;\c\h as benzyl
. bromide or methyl iodide , thei:ef;fe the use of'lithium
enclates was limited.

Silyl enol ethers have also been used as precursors in the
synthesis of gquaternary ammonium enolates.l? Replacement

, the countercation from lithium to quaternary ammonium ac,i {:

e - o
. 1
. . s 5
: . v . N
. i
e
N / H
\



vates the enolate .anion and makes regiospecific monoalkylation

more feasible, (Scheme 20)

@
OSiMe; PhCH,NMe, O -

N PRCH,N(CHy),F )\<
| / RX
0

R\)k<

Scheme 20

With this method, less reactive alkylating agents such 'as ‘
butyl iodide and methyl bromoacetate work well ., whexeas no
products are formed with their reaction with the corresponding
lithium enolate. This reacti;)n is 1limited to the alkylartion of
the less substituted position of an unsymmetrical ketone and

thus constitutes a complementary method to the lithium enolatie

*

reaction. '

Other enol derivatives have been used in the alkylation of
carbonyl compounds with varying degrees of success., One such
method is the use of potassi)‘; enqutrialkylborate's (readily
available by t:éating -potadsium enolates with trialkyl bor-
ates) in a reaction with simple alkyl halides.l® (stheme 21)

= 0
. . - L , L
K* [)g ——-—(.:-—O-BR;, X, REG-C —
\\~
+BRy+ KX
Scheme 21/

14

8
o N
[ , hd

RNt e o e



1/
NCE e e MY e Al ; oy XM AT
e T O R R Ao Hre P A Y IO T AT SO It O PR I L RSB M T S A e e 4 5 v

-

Other metals such as magnesium, zinc and tin have been used
. as enolate counterions. Their reactions, however, tend to be
. :

/ difficult for simple alkylations.l?

The Development of Silyl Enol Ethers

Silyl enol ethers and msilyl ke;:ene acetals-can be easily
synthesized from a wide variety of precursors and, their prepa-
ration has been widely reviewed.20:21,22 of pote is the abili-
ty to silylate unaymmetx"ical ketones under "kinetic" (strong

base, aprotic solvent)23 or "thermodynamic"24 conditions. ‘

(Scheme 22)

OSiMe, OSiMe,

-

thermodynamic

\J

MO,S!CI N NE',
DMF , 88h, 130°

1) LDA, DME OSiMe,
2) Me,SiC) ,

kinetic

H

Scheme 22

‘a-l-'r-butyl'ation of Silyl Enol Ethers

In the o-t-alkylation of carbonyl compounds with the
methods so far ‘discussed the alkylating agent must be
susceptible to nucleophilic displacement. As a result, primary
halides and sulfonates are usually the reagent of choice.

” ' Secondary alkyl halides are prone to elimination’and their

4

) 15 »
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reactions give low to imoderate yields while tertiﬁfy alkyl
halides (with a a-hydrogen) give only elimination products

e
under these reaction conditions.

a-t-Butylation has been accomplished, however with the
Friedel-Crafts alkylation of trimethyl silyl enol ethers.23
The "kinetic” silyl enol ether 6 and the "thermodynamic”

isomer 7 were reacted under identical conditions (-78°¢C,

-.TiCl,) to give products 8 and 9 respectively. (Scheme 23)
OSiMe, o

‘ 0
‘ CH, ,
. ¢t-BuCl i
TICA,
8

L !
OSiMe3 .0
6 ¢ BuCl ‘

{

Tl¢|4

»

Scheme 23

This result not only established the regiés;eéificity of
the reaction but also the absence -of any iaauerigzation between
6 and 7. Reetz has studied this area extensively25 and exten-
ded this methodology so that it has become a gq\;xe.ral method

‘for the introduction of tertiary alkyl groups into a carbonyl

system at the " a-position.

o

Suzareacticns of basic enolates. for primary and secondary

16
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alkylating agents and the Lewis acid mediated reaction of

silyl enol ethers with tertiary reagents can be seen as com-

pPlementary methodologies.

Cross Aldol Reactions of Silyl Enol Ethers

3

Y3

Silyl enol ethers had originally been used as precursors

for enol derivatives. It was Mukaiyama who first used silyl |

' enol ethers themselves iq carbon-carbon bond forming reactions
under Lewis acid conditions,26 Activation of carbonyl groups
by titﬁnium tetrachloride followed by condensation with silyl

enol ethers has been achieved ta give aldol-type products in

excellent yields according to Scheme 24.

Rl R!
< _OsiMe, R
c=¢ +
R DR g’

B g, 7
o 0

-
AN TR
R’ c
/\ K
R‘ Rl
10

.Scheme 24

1 - —
R AT e ]
nc c CI—T:lCl —MeSiCL
e, [
5’/ \R'R'o/ \RS _
, ] OH
}H:O g i_ s
. R’/ \C/ N\ ?
AN
R* R

-«

Many of the problems associated with the regular aldol

condensation are avoided using this hethoddlogy. No self-

3

17
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condensation products are observed when the silyl enol ether

' is treated with stoichiometric amounts of ketone or aldehyde.

. - Dissociabtionhof the aldol product is inhibiteé by the possible
formation of a titanium chelate 10. The fegiospecificity of
this reacti;n is readily observed with the reaction of two

isomeric silyl enol ethers as previously described (Scheme 23).
va¥
Chemoselectivity is observed when different.carbonyl grog\pr/ j%

R ~
are present, the reaction order being; aldehydes > ketones 3’>/>,

1
esters.27 /

Silyl enol ethers were also found to react wg\Q acetals and

-

orthoformates under acid <:oncl,it:ions.28 (Scheme 25)
| | OCH
o _-OSiMe, _-OCH; " Tici, 3

R'RICc=C R‘R3C ——) R’g'c-éR‘R’ ‘
\Rl + ™~ /,

Rl \Rl

Scheme 25

Reaction with a-halo acetals has led to a simple method for

the synthesis  of furan derivatives.?9 (Scheme 26)

&
- Bf ’ OSiM93 “ ‘ o
7 Cl, ; .
RT-CH :2(0‘:”:)2 * RICH 5¢ N Rt CH,Cl,

Br 3 'o t luene
o
R—CHgg:C R — ofiux? reﬂux
N 3

' . Scheme 26 ~ .
,' 18 p

-

.

e



Similarly, silyl ketene acetals have been used in the

synthesis of g-hydroxy esters.30 (Scheme 27)

R? _OSiR, R'w
NaA 7 3 N, TiCl, . .
Rl/c C\ORS <+ Rz/c—o —-’-.). R’O

Scheme 27

The preéise mechanism by which TiCclg mediates the condensa-
tion of a silyl enol ether with a carbonyl electrophile is not
known, although several theories have been put forth. Mukgiyama
initially proposed the formation of a stable t)itanium che-
lat:e,28 (Scheme 24), while othegs31'32 suggested thle formation
of a titanium(IV) enolate intermediate 11.’(Scheme 28)

z _ORY nel on’ ot |
R'R c—-c 4 > _—
\OSiMe,R \or"m, _

LY

+ RMe',SiCI

- Scheme 28
A recent study was carried out in our laboratory whigh used
295i_N.M.R. as a means with which to follow the reaction of a

8ilyl enol ether and a carbonyl compound under TiCl 4 condi- .

tions.33 At several points during the course of ‘the reaction,

A 19 - ,

4




295§ -N.M.R. spectra were taken using the INEPT pulse se-

. .« <:;mam:'e.:"‘l It was found that the addition of TiCl, had little

ruling out the fast formation of 11 (Scheme 28). It also
suggests that there is little coordination between TiCl, and
the siloxy groups. An intermediate was proposed, as illus-

trated in Scheme 29.

;e 810 o 2 ’ OTi  QSiMe,
Sitle, HC Ph

" M - X”‘M"’ =
7 7 “och, . MeO" L. COCH,

(+]

S
HO Ph

* Scheme 29 _
7 ~ ;‘ ! ,
Mannich Reactions Using Silyl Enol Ethez;
Dinishefsky has investigatéd the uﬁé of silyl enol ethers
in reéioselective m::micl'; zeagtions.35 The Eschenmoser salt 12
was reacted w’i'th the silyl enol ether 6 to give the'siﬂgle
- | regioiaome‘r of the Mannich base.1_3_ in 65% yielé. (Scheme 30)

_,\ _ 20

initial e'f:£‘Qct on the chemical shift of the siloxy group thus )




«

QTMS : ' o

 CH, "~ CH o
CH, ‘\;‘/ : CH, . _CH,
‘ + i ) \\CH,
"~ CH, . |
e 12 13 | ’ ‘
Scheme 30 -

-

'l'his methodolcgy was extended to natural products sy,nﬂm/\t
Reaction of the siloxyd:lene 14 w:lth 12 also afford,ed\a single
"isomer 15 which was converted to the steroid 16 in 58%

xield.35 (Scheme 31)

o .. .

-~~~ _Scheme 31

-
~ *

)
Michael Reactions Using Silyl Enol Ethers

Mukg;yama and coé’;otkers have introduced the use of silyl
enol ethers in a Michael fashion under Lewis acid catalyzed
conditions to give 1,5 dicarl;onyl compounds in g‘ood yields;37.

(Scheme 32)




earlier, Also, it was found that «, @ ~unsaturated acetals

st ;;:amg%

OTMS o - | o o

- Cl,. . H,0
o 'd 73"% =

‘ (o) 7

. ) 3

Scheme 32 ;

. 4+

The reacif:}i‘on conditions are very mil}nﬂ{ offer tremendous :

advantages over the normal base-catalyzed reaction as described

could be used as Michael acceptors as shown in Scheme 33.38 ‘

OTMS - " o) d

* - ' LOCH
. 3 .7

% N

Scheme 33

0-Silylated Dienolates ' 7

Dienolates should theoretjcally give reaction according to

Figure 4. ‘

‘_, E# s .
Figure 4

e

In practice, these reactions are rarely observed under kinetic
conditions and a-alkylation predominates. Uné’e; thermodynamic,

equilibrating conditions 7¥-substitution is sometimes ob-

served, 3w9 .

.22



The siloxy group in the silyl dienol ether 17 is less

elcctfonfdonating than a 1;thium group which kesplts 1J'a
] .
lower electzontﬂcnsity at the a<position and accordingly
¥y

leads to a marked preference for electrophilic attack at the

’
%

Y-position. (Figure-S)

e

Tl

OSiMe,

A

{
Y - 5

T e W e T ¢ .
- ﬁwﬁ*x@%ﬁgx&t‘@ e gt s S AR
. e X B T Rny o g ooy £ 28 Lok

[+ 4
17
Pigure §

0
>

Plaining and co-workers undertook a aeriﬁs of studies of
the reactions of silyl dienol ethers and found that:the extent
of 7Y vs.a attack depended on the type of electrophije /

(Scheme 34) pnd on the substituents on the dienolate

(Scheme 35) .40

e B A T $ e e 8 Ay I s B B Y i
.

N

| o
esgly A A e3e

OSiMe,
L : P
€10 0 SPh 0 - ;
prscher M~ : T
i EtO . N + Efo')j/§ , R
. . 50 : 50 ‘Phs” - o
Scheme 34 i
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3

23 '



g

'a_ddition of a second siloxy subatituént to form a bis silyl : :

\ - + ’?{?
1] v ~, . ’ , .:"?
SO o S
Ph RN
\ . .
OSiPh, S 0 .
' ; . 86 I 1
Lt ot .
t L. e
- Sclieme 35
. . :
! oL "Q\ :
818-8111; Enol Ethers ' ‘ . > ;

An extension of this silyl dienol ether chemistry as the

enol ethez. Work has been GOne in our labo:ato,zy on one such

' canpound, 1, 3-bis(trimethy1 siloxy)-l—methoxy-l 3-butadiene

ag. . . . T L
- . . ‘ -t " ‘&\‘ ' ‘.
. Me,SIO . OSiMe, - A
» . . N N ' h N \‘ . .
L N !
' . ' . ‘ 12 °
‘,xii\a R ‘ e . )
s ‘ e * . 1 e- H‘ - R I ~ N
' ‘ 3o -
!amoto pnd eo—workers had orig:lnal 1y synthesized 18 and

T

used it in &’ Diels Aldet reaction with dimethyl acetylene-

d1carbowlate (19)‘1 (scheme 3&) -

- - - . .
e ’ I
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trated in Scheme 37.42/43

% ' &
« ‘ - :
L S
.4 d . ‘?ng; M.ls‘o CO,CH, K : )
D Iy O8iMe, + ’ . : - [MeOH  H0,
' . . - i ‘ CO,CH, o
ocH, - COH cHpo’ “osiMe, ’ ;
. ‘197 s
{ ~ s -
, oo - HO. . ,CO:CH, '
\ \f( . . )
s " Ncocw,
R |
- '_l“‘ :.
. \ ‘ ‘
il o ©~ Scheme 36 g

#
-

Compound 18 was being used as a highly funegionalized 4-
carbon unit 'in the familiar Diels Alder proc ss. its applica-

tion in synthesis is extended to other dienophiles as illus-

: N
o e e, M = L
~ Rt Eﬁvmmﬁm%@ 4,

P
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: reapect:s t

unsatuzated carbonyl compounds in a

~

ﬂ

Me,SIO - OSiMe, . o
z / ocH, — - N SocHh,
LI ~ 29
L . Pigure 6 I B

- In thil :eopect, 18 can be viewed aé & 3-carbon unit
containing two nuclcophilic aites, at’ C-4 and C-2. Reaction of.

18 with 1,3 diolcctrophilos .can give six mcmbe:ed rings as

: rop:ose”nted i’chhome 38. ~

Q

PR e  p—
~>r H .
O e A

J ) . Scheme 38

¥
2

on this basis,. a novel cycloa:oﬁatizatior_) reaction has been

o

. .
developed. “ ' YL
Cmnpound 18 differs from the dianion 20 in two important

o
’ N ®
- 18 rcacts under neutral ox acidic conditions as opposed

"f

to strongly basic conditions for the dianion and,

- 20 acts as 'a hard nucleophile,‘ reacting’with a,g-

&

2 gashion,45 whiie 18

€

: acts as a soft nucleoPhile, adding in a Michael fashion under

m:lld oonditions. . _
The regiochemistry o'f the cor(;‘densa*pi’on"(Scheme, 38) is

26y ,

~
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governed by the varying reactivities of the two nucleophilic

sites in 18. It has been shown,%4 that the c-4 site is more

reactive than €-2, a fact which is illustrated in Scheme 39.

‘ O O

! OCH,
. 1 mol Brz‘ .
Me,SIO - OSiMe, ? Br o
N
VAR OCH, 0O O
. 18 |
/ ) . OCH3
-, 2mol Br, .
4 Br Br
' "~
= Scheige 39 . \‘\,,

Relagtidn of 18 with.compounds ‘containing a single electro-

- philic site consistehtly give Michael adducts at the C-4 site,

examples of which are given in Scheme 40,44,46,47
‘ Given that the C-4 site is the more reactive, it is then
necessary xp examine the relative reactivities of various

electrophil groups under the same reaction conditions-for

~"the purposes of choosing an apprdpriétg 1,3 el\e>ctroph11e for

the c;‘rcloaromatiza,tion reaction. 1t was establ ish‘d,48 that
the reactivities are as follows :
aldehyde > conjugated pgsition of. ﬁ-oxy- a,f unsaturated

s ketone~ igsolated ketone > carbonyl position of 3-oxy-a,p-

.~ unsaturated ketone > ’acetal or monothiocacetal > conJugate .

position of g-oxy- a, p unsaturated ester or ester carbonyl

.

with fhis order inmind it is then possible to have complete
- . . \ 3 .

|" ;, N 27"’

L,

-

N

R 2
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OSittuMe, _~
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. OCH, .
-
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, * R= Mo ¢-8u3i0 " a ’
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s Me,SI0  OSiMe, -
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B
o . “ ) ’ Lo . R-gﬂ' R= CH,
' . Ry
Ph OCH,

strated in Scheme..41.49

&
CH,0 2 u:ok/im

\/\'o( 7NN\
‘ lc.u,‘sn

CH,0 o Me,Si0

. +
C‘Hss / 7 oc"'
( ) '\ . Scheme 41
: 28
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This methodology has been used in the synthesis of A-l-

tetrahydrocannabinol (21), “the active psychotomimetic component

'3

of mazijnana.5°, The critical step was the synthesis of methyl
olivetolate (22), which was then condensed with an optically

active monoterpene to give the desired product. (Scheme 42)
, @
JOH

o

'CH,

L

Schenme 42

»

The synthesis of 22 was accomplished with the copdensation
of the bis silyl enol ether 18 with an ap'ptoprsate"acid chlo-
ride 23. (Scheme 43) g - m

&

-
¥
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Scheme 43

1

It had been determined that acid chlorides are more reactive
than l':,eg:alg and hence, the regiochem:f.stry of the reaction was
gopt}-olled.° -

The reaction of two equivalents of 18 with one equivalent
of various ochoesters or anhydrides under Lewis acid c-;;xdi-
tions resulted in the formation of Srsubstitutédd-hydroxy-
homoph't:halates.51 The first Istep of the reaction is the forma-

tion of a tri-g -carbonyl adQuct, followed by cﬁndeneatiem ‘
with the second equivalent of 18. (Scheme 44)'

SRC(OCH,), OH '
Me;SI0 ' OSiMe, w | ma, CO,CH, "
<4 ——
7 \7 CO,CH,
OCH, RCO R ,
.8 (Reo), 0 |
*  Scheme 44 :
. N \

s
s

80 far, all of the?enzﬂaoiq' derivatives described-are

%
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‘unsubstituted at the o'-pogitign due to the structure of the

nucleophilic component. Substitution at ;tﬁé C-4 s‘ite‘ of 18 was
inwast:igat:eii,f"2 and led-to the synthesis of sclerin (23), a
plant growth promot:er.53 .

1,3-Bis(trimethylsiloxy)~-l-methoxypenta-1,3-diene (24) was

prepared according to Scheme 45.

o o st’-N/ﬁe,sicb\j:"j‘li
\/u\/u\ocu, X" N och,
Me,SIO  OSiMe, . Loa
" TMSCI
| | Z ﬂ/ och, MSC
Scheme 45

- Reactions of 24 with various electrophiles established that
the nucleophilic reactivity had not changed dQue to the Me
group and that C-4 was still the most reactive site. (Scheme 46)

In the synthesis of sclerin (23), two moles of 24 were

condensed with methyl orthoacetate (25) in the presence

TiCl, to yield the aromatic comp..ournd 26 wvhich was subsequent
converted to the desired product. (Scheme 47)

s
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Me,SIO  OSiMe, 9" ° CO,CH,
R + c"(oc"")l T'CI!
d 7 7 ocu‘ .
_2_&
L o
wl. H
) , CO,CH, g
Scheme 46 -
Me,SIO  OSiMe, H
: .
A + cH(och), I CO:CH,,
. OCH, & 25 ' CO,CH;
2—4 Ll
- / 32 W
H {
23
i 2 . (o] -
.
- Scheme 47

It was also foun_d that 18 condenses with hexane-z;s-dione
or 2,5-dimethoxytetrahydrofuran to give 8-oxabicyclo-[3.2.1]-
octyl systems 27 and _2___8....1:‘e.'speo::1:1Ve1y.szi {Scheme 48)
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7 Y7 “0SiMe,

OCH,

Scheme 48

1
LY

i Further reaction o%\28 yxelded the 8-oxa analog of cocaine.

(Scheme 49). j

i’

‘

. 0
€O, CH, COzCHa co cﬂ, -
NaBH, h R
° OH

« Y 0COC,H,

" Scheme 49

r

Recent work in our laboratory l;nas extended the écope of
this methodology to ii;clude the use of 1,3,5~trig=-(trimethyl-
siloxy)- l-me;:hoxyhexa-l,3.5-triene (29), the trianion analog,
(30), of methyl triacetate. (Figure 7) “ a

© 33
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1 ¥ 29 . 30
3 Figure 7
E ) ) A
S ‘Reaction of 29 with the imidazol ide 31 was the key step in
A ‘ - - .
E. Ythe formal synthesis of lasiodiplodin (32) .35 (Scheme 50)
; ‘ .- .
; :
; OTMS OTMS OTMS - X
= /K/’\/K ¢ "\ )j\(cﬂ,).-cu T
s Z OMe
e
{
i
! OH ) : CH'O CH’
| 0 X
. HO (cH,)i—cH=CH, 5 HO
‘ v OCH, 32
~a
‘ ~ D ¢
. . ' Scheme - 50
- . This bis silyl 'enol methodology provides a route by which
( ’ o functionalized cycl ic systems can be built up from acyci‘icu-
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#
starting materialé;iggagé/;specially useful in the synthesis_~\\
of benzenoid derivatives. This method constitutes a \\
‘M\ Pt gt

potentially very powerful addition to the methods which_

— g

‘already exist, some of which will be discussed here.

v
&

The synthesgis of benzenoid compounds from acyclic precursors

» The synthesis of aromatic,benzenoid compounds has played a -

very large part in synthetic organic chemistry since the mid-
nineteenth century. Various ;ubstitution patterns on these
compounds have normally been achieved by the stepwise intro-
duction of d;fferent functional groups through nitration,
halogenation, alkylation and acylation, for example. This
simple»meﬁ%odology, however, can result in problems with
regioselectivity and“the formation of mixtures of products
which may be difficult to separate. Nonetheless, nucleophilic
and electrophilic substitution is still the most widely used
method for the synthesis of substituted benzenoids.

An entirely different method, a?d one which more closely
regsembles that which is used in nature, is the construction of
these substituted benzene compounds from acyclic precursors
which already contain the desired substituente. One such
method is the already discussed bis silyl enol ether y
methodology which provides a route for the regiocontrolleg
synthesis of highly substituted salicylates. This method is an
example of an Aldol type addition to give benzenoid derivatlves

while other reaction types include cyc{oadditions -

o R s e 4 Ve

35
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(e.g. Diels-Alder) and condensation reactions (e.g. Michael,
Claisen). |

The well known Diels-Alder reaction, a [47r +2x ] cyclo-

addit:ion has been" used exténsively in the preparation of six-

membered rings. The utiiization of functionalized dienes and
\ _ dienophiles has led to the ptlep(aration of a variety of poly~-
) ‘ substiti:ted benzenoid pro‘éucts. A recent review3% deals with

the use of hetero substituted i,3 dienes, where the intro-

' \ ction of various substituents onto the diene is shown to
hav:e a dominant effect on the regiochemistry the cycload-

~ dition, Of note 1; the use of siloxy substituted dienes,

useful both for their ready availabil ity and their electfon-'
donating capabilities.57 (scheme 51) B '

[——————EEREE S skl LS e TR

R® _
OCH . . '
3 ' ' (':Oz CHS Rl cozc'_"
Z SR* + I:Ia — ,
o | . " HO CO,CH,.
N : M‘,S‘o - COzCH, — ) 2 3~
R? . R
Lo i Scheme 51

Other examples have already been noted which employ bis-
s8ilyl enol ethers (Schemes 36 &.37): An application in the

., synthesis of lasiodiplodin (compare to ASCheme. 50) is given in’
Scheme 5258 - e

- -
* .
- . + o
' N o 1
¢
B
'
' - »
' .

»
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OCH,
CO,CH,
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' Scheme 52 , .
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For the purposes of illustration, oniy the synthesis of

’
substituted phenols will be discussed in the following

section, although syhtheses 6f anilines, for example, are well

known. A recent review>? discusses the preparation of a wide.

3

variety of benzenoid compounds.

In the synthesis of phenols from acyclic precursors, éhé !

hydroxy group usually comes from a ketone or,eséer group.
! ¥

3

Ketones usually react via their® two active, nucleophilig
a-positions, where the co-reactant must have cdmplemgntary
(i.e. electrophilic) reactivity. The most common co-reactant

is a ﬂ—éicarbonyl or synthetic equivalent. Judicious choice

' of a ketone which.can be enolizqd”prefq;entially'in one

direction and a ﬂ-dicarbonfi in which one carbonyl is more
reactive than the other can result in the regioselective
synthesis of highly substituted, unsymmetricql phenols in

reasonable yields.50 (scheme 53)

3
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Five-.and sxx-membered heterocycles have also been used as a

o solrce of phenols through a ring cleavage process, exampleg of

.whigh are given in Sthpe’54261,§2

<

scheme 54

In an example where the phenalic oxygen is supplied by a

carhoxylic acid group, zinc chloride has been, shown to mediate

the reaction of,a diacid 33.6% (Scheme 55)




"regiochemistry.

Scheme 55 ’ f ' B

/ * 4

‘ The literature contains many methods ﬁor the synthesis of

£

-.benzene derivatives with-almost any desired substituents 1n

. whatever pattern and degree of substitufion. However, the -

yields are not always high and “there remain difficulties with
ynthetic organic chemists are constantly

coming up with new and improved methods which may evercome

some of these - problems.
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RESULTS AND DISCUSSION - °

.
-~
5
i

‘The.work in this thesis is based on thelsilyl enol ether . ' .o

4
PRl

éhentistry'previously'developed in this laboratory and consists

" of the synthesis of the chlorinateci analog, 34, of the ois

.8ilyl enol ether 18.- Based on the prev1ous work 34 can be /——-"

regarded as the dianion equwalent of 4-chloro methyl aceto-

acetate (35). (Figure.8) e . L e

OS'M°3/0CH3 T N

C|\)\/ R AN
-z ™ 0siMe, .

. A o Figure 8" ' o CoL

. The reaotiop of 34 with’ various electrophiles allows for -

£ the incorp'oretionao'f a chlorine atom into a straight chain . .

. . . ‘ v k.
compound, aromatic benzenoid derivative. or -bic'ycl ic system. 'rhe

/

chlorine may be requxred m the final product or it can simgly

: ~~ﬂact as a functional group which can be manipulated at a later

stage in the synthesis.1

. The chemistry of 34 was. examlned and its appl 1eation in the o oy

>
synthesis of several natural products investigated. ‘
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. (37). (Scheme 56)

- Preparation of the Bis'Silyl Enol Ether 34

The silyl enol ether 36 was synthesized in the usual

maﬂner,62 starting with the 4-chloro methyl acesoacetate

' o o ‘ .. OSiMe,
a AN Et;N/2nCl, ,cn\)\/cozcn,
ocH, MesSiCl -~ X
' Scheme 56

The crude product was distilled under high vacuum (0.1 torr,

55 C) to give product 36 ixn‘ 60% yield. Compound 36 is

2

relatively stable and can be kept under Ny in the refrigerai:or i
for several months wlthout ‘appreciable decomposit:.on.

1H-—N.M R. indicates that there is & 7:2 m1xture of two .

.is_omers. N.O.E. experimen,ts showed no enhancement in the.C-2

p:oton sig'nlavl when the C-4 érot'ons were irradiated, so that no
,stzructixzal ‘assignment offt‘he major isomer could be made on
this basis. ‘However, a éroton coupled 13C-N.M.}2. experiment
was able to distinguish between the two possible ison{e;:s of
36 The coupled ‘spectrum showed C-4 spilt into a tr 1plet by
the two adjacent protons and this was further split by the ’
proton at C-2. The“cogpling 'congg:'ant glue to the effect of. the

proton at C-2 for the major isomer was found to be 6.7 Hz,

while‘for qthe minor isomer a coupling constant of 4.0 Hz was

! . i
,

A
v ‘ / 41 . .
A ! - ‘ .

B
K
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found ‘%igure 9). It is known that a trans- isomer will give a

largeri3ac“ coupling constant,55 so that on this basis the
major isomer of ég is assigned trans- (or E- ) geometry, and

the minor isomer cis- (or Z- ) geometry.

b)

OSiMe, ‘  OSiMe,
. \\l ‘\|
CO,CH, H
36 major minor

»

Illll”l |||||llll'llllllllIlllllIHllI|||||||||‘l|||||lllFIlll'llHlllll'lllI'|l|l|||l||lll'
48 0 47 0 46 0 450 44 0 43 0 42 0 410.400. 39 0 PPM

Figure 9: (a) 13c-n.M.R. specfgum for 36 - C-4 carbén.
(b) Proton-coupled C-N.M.R..

‘ ' 42
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The silyl enol ether 36 was converted to the chlorinated

bis silyl enol ether 34 in the Gsual manner using LDA/TMSC1.
(Scheme 57) C

OSiMe ‘ Me,SIO  OSiMe,
3
o LDA | ¢
INAAOH mde NN
“ ” “och,
38 SRR

) ' Scheme 57 Ty

Thg product 34 was not purified, as it was quite unstable,
.1t could be *itept, in the refrigerator for only a few days ‘
. before exéens_ive decomposition occured. However, lH-N.M.R.

indicated that the crude product was rel,atively pure. The
yield of this reaction is n/omally >90%.

, l1H-N.M.R. and 29s!:l—N.M¢3.. data indicate that 34 exists
mainly as one geometticalb isomer. N.O.E. experiments showed no \*\
‘e;'xhancement in the C-2 'pzoton gi,gnal when the C-4 proton was
irradiated, so that nohgtructural assigmént could be made for

tt{e C-3 double bond by this experiment. However, on

irradiation of -OCH;, the C-2 proton showed a 17% enhancement

yd

in signal intensif:y". This suggests that the\c-l dbublé'bond, "
-has a cis- (or 2-) geometry. This assigmment is in agreement \/

'with a recent report66 which assigned a Z-stereochenj ry to

a series of 1,1,3-trioxy dienes (including the bis siflyl' enol

ether 18). - ’ ‘

A ﬁ:roton coupled 13c-N.M.R. expezimenwas per formed\ in

43
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order to determine the geometry of the C-3 double bond. The C-2
carbon appears at 75.§ ppm (major isomer) and 22.2 ppm (minor

~

'isomer) in the decoupled spectrum, In the coupled’spectrum the
rﬁg\____,./ 5

majoxr isomer carbon peak was'split into a doublet by the C-2
proton but was not split by the C-4 proton. The C-2 carbon
corresponding to the minor‘isomer was split into a doublet by
the C-2 proton which was further split by the C-4 proton with
a coupling constant of approximately 5 H:.\This suggests that

the major: isomer has a cis~ (or Z-) relationship between the

. C=2 carbon and.the C-4 proton while ~§he minor isomer has a

" trans~ (or E-) relationship between the two. These results
indicate that 34 has a (12,3%) geometry for the major isomer

and (1z>¢\) for the minor. {Figure 10)

)

e

cl
Me,SiO.  OSiMe, HA ’osam;,
cl ~ : ‘
7 OCH, MeSiONZ~ Ny -« |
OCH, : -
34 (12,32)
. Pigure 10
* |
‘ N
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Cycloaromatization reactions of 34 K A

&

Some of the cycloaromatuation reactions described by Chan
and Brownbridge48 were repeated using the chlorinated bis
silyl enol ether 3 34 as shown'in Scheme 58.

cm°>\/< ) I,

osiMe, - . u
“Cl! .
@
‘ _ Scheme 58 u

78 .
When malonaldehyde bis(dimethylacetal) (38) was reacted
with 34 in the presence of two equivalents of titanium

tetrachloride, methyl 3-chlorosalicylate (39) was obtained in

. 25% yield, while a similar reaction of 34 with 4-trimethyl-

siloxy-3-penten-2-one (40) gave the chlorinated salicylate

"derivative 41 in 23t yield. In both cases the desired product

was the, ;najo: isolable componeng: of the crude reaction mixture
along with sal;e ’st’arting materials. 5

Since the "bottom"‘halves of these products are sym-
m'etrical, ‘these f’ea%tions say nothing about the relative
reactivity of the C-4 vrezjsus C-2 positions of 34. Two °
reactions v’:eige done in which compounds with two different’

electzéphilic groups were reacted with 34 to giye .“ \}

7 ii,l 4 5 — * 4 —:‘// ﬁl"" : “":‘;’



unsymmei:zical products on the basis of the fol lowing order of

reactivity: ortho ester > ketone > acetal. (Scheme 59)

| oc

) 42
27 NoeH, /
4 \
= 9 ocn
\\\“ B ocu. “c". i‘
« ! ocn'
Scheme 59

N

- When acetal 42 was reacted with.-34 in the presence of two
equiva}ents of titanium tetrachloride, the /chlonnated adduct
43 was obtained in 29% yield while the titanium tetra&hlonde
catalyzed reactxon of 34 with the ortho ester 44 gave the
highly substituted salicylate denval:/ive 45 in 24% yield. In

neithetr case was any isomer obtainec}’, 80 while the 'yield was

- low, the reaction was regiospeciﬁd.

The atructures of these products» Yere determined by 1H-N.M.R.
data. It has been shown,49 that in subktituted hyl

. salicylates the aromatic methyl group ;t the C-4 position

resonates at about 2.30 ppm, whe:eas/ the methyl at the C-6

posxt;on resonates at about 2.50 ;Spm due to deshieldmg by the
X

oxrtho carboxylate group. On this’ basis, the structures of 43

and _g_g were assigned. (Table 1)

46
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C-4 ppm 2‘-6 ppm
¢ Co;CH, 2.37 248
p L o .
| e CO,CH, 241
43
5 43
) s _~*~af“*¢\\H
.{eH,0 45 ‘ \
Table 1 Lo

‘*~..)

Their structural assignments were supported by other spectral

infomation such as MS and IR.

»

5

The ittem;ptedﬁynthesis of Griseofulvin

#

One possible appl ication of this methgd‘blogy would be the

synthesis of the chlorinated natural. product, griseofulvin f

(46), a commercially importam: anti-fungal agent. Originall\y

isolated from penicillium g:iseofulvum,” griseofulvin can be

administered orally to animals and %s easily absorbed 'into,

plant roots, thereby making its use guite practical and the

development of an efficient scheme for its synthesis

desirable. The st:zucture and stereochemistry of. griseofulvin

was eluc:dated by ucMillan and co-wo:kerg in the 1950's

47
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Since that time there ha@e been several total syntheses of

griséofulvin,?o a,recent one having been accomplished by

)

Danishefsky,71.which 1nv01ves a8 a key step, the
aforementioned Diels Alder cycloaddjtion between a highly

'functionalized diene 47 and compound 48. (Scheme 60)

e

Compound 48 was generated in several steps starting with a

highly aubstituged aromatic compound 49. (Scheme 61)

-
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Scheme 61 , o

In his paper, Danishefsky states, "Any attempts at the ‘ ;
. ! \ :
commercialization -of this process must provide a regio- - %

specific, high yield route to ._4_2."72 i

e,

We proposed to synthesize 49 using our cycloaromatization .
reactior\x to produce the aromatic compound 50 which could then

be converted to 49. (Scheme 62)

" OH ' - CHsq
CI, CO,CH, '

_>
“ CH,07 ocy,

1

»

Scheme 62

The first step in the $ynthesis of 50 would be the choice

" Qf an appxop,tiag:; electrophile with which to react the silyl

49 . g
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enol ether 34. The most diract approach, and one which would

give the desired produ in op, would be the reaction of
34 with the ortho estey 51. (Scheme 63)

OH
Me,SI0  OSiMe, o OCH, - ¢ CO,CH,
AANg,  MORLOM ——
1 c“lo oc”’ CH,O OCH;
34 81! 50 L

- ° \ o ) N
/ _ Scheme 63 S

The synthesis of 51 was attempted in our laboratory‘;"? .

sing the Pinner method with malononitrile as the starting
L .

14

material, This synthesis was unsuccessful, (Sci'x'eme 64)
ﬂ OCH, .OCH,
- . e o | |l ® - ¢
_NC—CH,—CN + CH;OH + HCl & CIH,N=C—CH,~C=NH,Cl

. 82
CH,0 OCH, .
v cu,o-> éocu, ¢ 2CH,OH - ”
~ " 'CH,0 "OCH; -
- &t Scheme 64 ' /

McElvain and Schroeder had previously attempted this
;ynthesis in 1949,73 and had proposed that the dihydro-
oy .

chloride 52 was insoluble in alcohol and was subsequently
I -

- converted to the more soluble and resonance stabilized .

1

' monohydrochloride 53 which would then resist further

‘alcoholysis. (Scheme 65) : : Ay

f
o e
’ .
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MeO OMe | Z e
o | | ¢ — CH . TF
H,N=C—CH,—C=NH, » P}
52, J + CH07 , "NH
T 53
Scheme 65

The synthesis of 50 was then attempted by an indirect
route, with the initial formation, of the ttihydtoxy compound
54 which would then be conv\érted to the desired product. .

(Scheme 66) : o ‘ ‘ !
~ -OH .
cl CO,CH; cl CO,CH,-
—-T-__-’ ) f ’
HO” OH CH;0 . OCH:\ ‘
54 ' 80
d . Scheme 66 '

The qynthesis of 54 was attemp%ed-susirng malony} dichlor'ide’.

. ‘,ji
(55) as the electrophile (Schetf\e 67). The reaction was

performed in the presence of titanium tetra;hioride at -78‘c.
Different orders of addition were ;ttempted [(malonyl
dichloride, silyl enol ether, TiCly) and (malonyl dichloride,
TiCl,, silyl enol ether)]. Ne%fher method(yielded any product,
but gave startihg materials instead, Mukaiyama had noted that
a mixture of titanium EetracEioride and titanium isppropoxide

worked well with reactive electrophiles.37° The reaction was

T
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attempted using a,i:l,tatio of TiCl, and Ti[O-i-Pr] uéing
' both oiders of:addition{ but again ‘the tgaction_wasf\h

- cessful.

nith the imidazolide of, 55. Imzdazolides are often crystalline .

* an acid cﬁlorxde to its corresponding imidazolide is simple

23 o

5
£

unsuc-

SR B e A e

LY
iim'_:&kq;“ﬁq; o

7 N7
- - 34 o 56

. R on
b, “’ ' mﬁ;ﬂO‘ Qm. ) . ) M - c’ ‘ CQgCH,\ Lt ¢
OCH, HO™ . OH . .

Y Sy

- ' - " . Scheme 67 I | ' =
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an equivalent reaction would involve the réaction of L’ o

-k an}
B4

<

and easily handled when cqmpared to the acid chloride from

el g . A

which they are usually'prepared. Normally, the conversion of

I4

A
€ s bate dtbat

\

b d
rd

2

accordxng to the method of Staab74, and the resulting

‘v»

electrophile is of comparable reactivity to the orlginal acida - Lo

chloride. But when the conversion of 55 to 56 was attempted

. the zeactzon was unsuccessful. (Scheme 68) . . " . ] .

N
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Imidazoie (215 and maldﬁyl dichicride (§§1‘were mixed in a.
2:1 ratio in déy THF and stir:ed for 1:5 houre at 0°C, t;ew
allowed to come to room tec;erature and stirred for.a furfﬁér\\\
2.5 hours. The white precipitate which had formed (presumebly;
1midazalin1um chlozide) was filtered off and the filtrate

reduced under vacuum. It was at this point that the product

. decomposed  to give a black residue. An N.M.R. was taken and it

showed no trace of the expected product 56, but gave Qnstead

starting materials and a product presumably resulting from a

polymerization reaction. N¢ furthet attempt was made to
product. '{;. ' s

Reaction ¢f 34 with single reactive site carbon electrophilee
leaction 22 A

In oxder to further confirm the reactivity of the C-4 .site
vs C-2 site in 34, reactions were perfqrméd with electrophiles

cgntainind a single reactive site.’ The electrephile shduldl

" attack at the most reagtive site of 34 thus estabiishing ‘the

cemparitive reactivities. 34 was reacted w1th acetone t3) and

tively.

cyclohexanone (58) to give adducts 59 and 60 r
(Scheme 69) ‘

la-NddR. data indicate. that reaction did in fact occur at
the C-4 site with the presence ‘of a signal at 4.25 ppm and
4.20 ppm (for adducts 59 and 60 respectively) cotresponding to-

a sangle proton at C-4. In neither case was any C-2 adduct

Vet Tt

A
H

b
H
4
E

observed. The proposed structures of 59 and 60 were further

corroborated by MS and IR data. For compound 59, conventional

\

.Electron Impact M.S. did not give any heavy ions of structural
o , .
. _," "" W

53



interest, however, Chemical Ip‘nizatioﬁ M.S. 'gave the expected

+

molecular ion.

* :" ) q. ' '/~
© L MeSi0 OSiMe, 2
] ‘ R '
- : ‘ R , I. \' ﬁ
N ° . .: L _‘ '-‘P. . f - g
o L " Scheme ‘69’ e - )
o R 1 ,
The __ynthesis'-:of g8-membered bicyclic systems N
As descéribed earlier, bis silyl enol ethers have been
: uaod to nynthesize 8-mambered bicyclie systems, or more speci-
d fically. . 8-oxa-bicyclo-[3 2. lj-bctil systems. se reactions‘.
wére attempted using 34 and they did give the exg cted \.
chlorinated analogs 51 and 62 as depicted in Scheme- 70.
LT 'MeSi0 'OSiMy, 63
oa ~ ot
. ' N ;r ) s / /'? oen’ -
._———4——-3‘-—"\‘ —‘ !

“gcheme 70

A
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showed that the tw® methyl groups resonated at 1.47 ppm and -

Reaction of 34 with acetonylacet:one (63) gave bicyclic

compound 61 as white crystals in 30% yield. }H-N.M.R. data

1.58 ppm, the methoxy protons at 3.72 ppm and the two single
protons at 3.61 ppm and 4.29 ppm (C-2 and C-4 respectively).
Reaction of ﬁ with 2,5-dimethoxytetrahydrofuran (64)yielded

'62 as a mixture of a light yellow oil and clear crystals in 30% -

yield. The cryst;als were isolated and found to bethe enol tau-
tomer 62b of the peruct and made up approxmately two—thxrds

of the crystal/oil mixture. 15-N.M.R. ‘showed a peak at 11.45 ppm

whlch corresponds to the -OH proton, and this was found to occur

in a 1:1 ratio with each of the singlé protons (at C-1, C-4 and

C~-S5).) Also, no peak corresponding to ‘the C-2 proton was seen.

. 62a was not isolated, but crude N.M.R. did show alkyl hydrogen

peaks that were proportionally larger hs compared to the hydroxy

hydi:ogerr peak, indicating the’ presence of a compound that was

structurally similar to 62b but which did not contain a hydroxy
group. 'I'h 8 compound was assumed to be the keto form of 62Db.

Various attempts were made to improve the yield of 62. Both
/

%xdcrj{ffgg_clition were tried (34, 64, 'r:.c14) and (64, TiClg/

— s spma

. with the fa?fa{'f:einq the more successful of the two
3
methods (308 vs 13% yield). Several different Lewis acids were

 used té catalyze the reaction, includin§ TiClg/Tif[0-i-Prls,

’

.ZnBrpy, SnCly and BF3.(0CaHs)z. None of these acids gave

-

improved results. - N .)
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o



3 ARy,

I3

The attempted synthesis of Nonactic Acid .

An ionophore can be defined as amolecule which has the abi-
lity to complex an ion and to assist in the transport of this
ion through a lipophilic interface.’5 This is a general term
which describes a variety of structural types. A feature common
to these molecules is the presénce of heteroatoms capable of
acting as ligands for an ion. They a]_.’so possess a 3-dimenaiona1'
cap'ability to orient their ligands towards the center of the
mole.cule, tt;us allowing for inner complexation to the ion of
interest while retaining a lipophilic outer shell. Some of these
compound types include linear and cyclic peptides, cyclic depsis
peptides and the antibiotic po.lyether monoacids. Many of these
compounds display antibiotic properties. In fact, it is this
property which in many cases first led to the dis_covery and
chara;:terizgtion of these compounds, and only after some time
was their ionophoric character realized.

Nonactin (65), first characterized \in 195576, is the lowest
homologue and l;sost symmetrical member of the actin family of |

antibiotics which have t?en isolated from various Streptomyces

cultures. It was the first natural product to be identified as

°

a crown ether and one of the first antibiotics to have its

activity attributed to its ionophoric properties. Nonactin has

‘been a challange to synthetic chemists for some time time due

to its interesting stereochemical qualities. It is made made
up of four nonactic acid units with an overall meso

configuration. This is due to an alternating (+)-,(-)-

Q

56
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868-nonactic
acid

65 - nonactin\‘

Figure 11

There have been several ;yntheées of Nonactic acid77.78,
including one by Bartlett?9 which he describes as "stereochem-
jcally economical and synthetically c;)n\;ergent". Nonactic acid
=t:lex:':l.imtj.ves of both enant.ioineric/ series ((+)‘and (=)) were pre- .
pared from a single optically active star\{ng material as

’ depicted :|.n Scheme 71.

<

Another approach for the =synthesia of Nonactic acid, put
forth by White et. 21.80, has the inigial formation of 8-oxa-'
~ bicyclo [3.2.1] octane compound 67 accord:(lng” to the method of
Noyori.81 (Scheme 72)

This particular method is well suited towards the synt‘hesis

,0f nonactic acid since the cis relationship ia established in

the side gha‘ins from the outset. C

q
1

COOH
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(~}-nonactic acid (*)-nonactic acid

)
B

* derivatives derivatives
§ , . Scheme 71
- ' —~
3 .
+ 0
% . o , . o.
§ ’ W zn-Cu’ W )
Br (¢
a4 e
. u , o7 ~

Scheme 72 °

{

' Hydroéenat§°dn of 67 ,}ollowed by Bayer-Villiger oxidation

. \
yielded lactone 68. Methanolysis of 68 gave the hydroxy ester
69. (scheme 73)

Hy, PY/C . . ¢ ’ ' -
« . . 0 ) | [l (]
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~ "initial formation of a bicyclic system 62. This is followed by

nonactic acid. (Scheq\e/75)

o
)
e ‘ a

o - -
[ N

t‘.;ompoutid 69 uaé converted to the epim.erié:aldeﬁy;ies 70 and
71 in a’ few steps. Treatmént of 70 with methylmagnesium
bromide produced méthy_l nonactate (72) and methyl 8-epi-

nonactate (73) without stereoselectivity. (\Sc\hemg 74)

Saponification of 72 had previously been sbo‘wn to give-
L ¢ >
nonactic acid,82

We have proposed an outline for the synthesis of *nlo‘nactic

acid whoich is similar to that of Wh%tg in that it involved the

a met.h'ylation and an oxidative cleavage to give a precursor to

L]
°

/

)



The methylation of 62 was’ firﬂt attqnptod with sodium

€0, CH, '

oTMS

3

CO,CH,
: CH,OH
[+] /
‘ CO,CH,
oH
6—6 R E] *

. Scheme -75

hydride and methyl iodide (8cheme 76). The la-u.n.n. spectrun

ind:.cated that: the pzoduct was in fact a nixtutc of 0-alkyl-

ated and the degired c-alkylated ptoduct. 18-!!.5.8. data gavc"

evidence for the presence of both prpducts. Tw{) large peaks

60 . -




[}

appeared in thc 3.80 pp- region corresponding .to the l’uthoxy‘
6q:oups in the utct functionaﬂ.ity u ull as' the o-alkylatod
adduct. 'rt.c showed one lugr‘ spot (1.0. very :imilar R values

-~ for \thb two compounds) a‘;ﬁ nny separation was cxt:uolx
difficult regardless of’\the -of‘vnnt system used.. s

-

coca";‘ .

cu.l

Scheme 76
'
The fqmat:ion of O-alkylated ptoducts in the alkylation

rnctions of ﬁ-dicatbonyls is clpecially favored when the

equil ibrium concentration of the %ol tautme: is high, as is
«the case uith B-kcto-este:s. Considering the fact that the
' enol form of conpound 62 is predon&¥ant, the results of tbis

‘ tuction are.not surprising. - : ' R )

o “Va:ious approacbu to the problem of C-alkylation of ﬁ-di-

T carbonyls focussed on the idea that O-alkylation could be

% : /inhibited by lﬁitiné the amount of free enolate ‘fon in the
j oL reaction soﬂ:tion. This could b.c achieved by careful contt;il
- of reaction conditio::s or by shielding the oxygen atom by

| association with a hydrogen bonding solveént or ;vith a metal
’ " cation.83 clark and !'1\1\110":“ found that the reaction of

. . several g-dicarbonyls with d\lgﬂ. iodides in the presence of - .
= TN . . '
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*\tetra—ﬁ;b\xtylmonim fluoride gave exclusively C-alkylated
products. The reasoning was that the pg-dicarbonyl compound
would behave as a“!’xydtogen-bond electron acceptor and thereby

” fom a tightly bonded complex anion with fluoride. The oxygen

i's shielded both by the large cation and by the enol hydroxy- °

: fluoride hydrogen bond and as a result O-alkylation is %
T q
inhibited. fstf
This methodology vas employed in the C-methylation of 62 g
¥
\ and gave ‘the desired p:oduct 74 in 70% yield with no appazent ;‘
. 3
' formation of the O-alkylated product (Scheme 77). ‘ .
o .
CO,CH, 4
> ° )
. ¢ (e
3 -G . . Ci ' j9
{ 62 ' 4 . '
3 . -
cheme 77 . »
?;H—II.H.R.“ data confipfied the stiucturé of the product. A
" I

methyl peak appears &t 1.68 ppm, twhile the methoxy protons

T TR

(corresponding to the ester) appear at 3.78 ppm. There is no
evidence of a methoxy peak due to O-methylation. MS and IR
- ' data further supported the structural assignnement.
The silylation of 74 was achieved in the usual manner.
n-BuLi was added to diisopropylamine and the solution cooled -

to -78°C. Addition of 74 fol lowed f:y quenching with TMSC1

- . : . .
62 o ; o
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yielded the desired product 75 in 96% yield. ] (Scheme 78) *
o v .
c03CH3 LDA co’ cH3
TMSCI i
(o) ‘ OTMS
\ ci v ci | |
e ., 78

. ' ' Schene 78

1i-N.M.R. data showes the two remhi%bridgehead protons
at 4.30 and 4.45 ppm (corresponding to C-5 }\fhd C-1 respect-
ively) and -8i(CHj3); protons (9 total) at 0.25 ppm. IR data

. shows a much sharper carbonyl peak at 1730 cm-1l, which is to

be expected 'since 75-has only one carbonyl group.
The next step i;a the synthesis outlined i;x Schenie 75 has

the ;ttemptéd ozonolysis of compound E.‘Bea'thcock et al.85 .
found that when siloxyalkenes were oxidized in the presence of ‘
ozone in a a\zethanoliic solutioﬁ; hydroxy acids or ketéacids
were isolated acéording to Scheme 79. )

The ozonclysils of 75 was attempted at severai different
temperatures, (-78°C, =-23°C, 0°C), and using Aifferent solvent
gbupo.itiona. (10190, 20:80 CHyCl,/CH3OH), and the two work-up

ptocoédures sugge:éed by Heathcock (Me2S, NaBHg). Most of

.these rea%;c;n conditions yielded a mixture of products whi.éh




OSiMe,
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; cH,ou o™ coou

OSiMe, .

°'f \é """cu,""ou" )\/\/\

Scheme° 79

v

was impossible to separate. On one c;ecasion, however, some

separation was accompl ished which yielded 30% of a product.

1H-N.M.R., MS and IR analyses idﬁicated Ahat thip product was

not the expected product, but was, instead, compound 7.

(Scheme 80)

CO,CH, | 0,. -23°¢
- 10:90 CH,Cl;
OFMS :
‘Scheme 80 . 16

Mass spectt;l data shows no evidence of a chlorine atom
which is usually distinguishable by its chatacterist'ic (m/z,
m/3 + 2) peaks throughout the spectrum. High resolution MS
gives avalue of m/z= 212.070 which is within 9 ppm of the

* expected molecular ion value of m/z= 212,068.. This result
; ,
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confirms th'at the molecular formula is c10“12°5° l4-N.M.R. and

IR data further supported this.sttﬁétu:al assigmeﬁt. ;o

The reaction was repeated several times according to Scheme 80.

Product 76 was observ"ed i:y G.C. a’nalysi\s, but ‘separation of
oA .

’ ‘the reaction mixture proved to be difficult,

DI /

.
. .
)

R 2
, - s / 2 N
: ./ b oo :
The attempted- synthesis of 3-chlorxo l*tg’fmethzlsiloxy_-l-
' ‘ ‘ 7 3 :
methoxybuta-l,3-diene - a

/
As a variationon thechemistry\of thebis silyl enol ether
- . -
34, the synthesis of the silyl enol} ether, 77, chlorinatad at
. L '
the C-3 position, ‘was investigated. Our aim was to havegthis

‘cgpound react in a manner similar to that of 34. (Scheme .81)

then e, e
i it P LE Dt e b o T o TR N S A e At

) Cl
- l CO,CH,
Cl  OSiMe, ' oH € '
—
7 7 NoCH, OCH, ‘
'ﬂ ZZ -
CO,CH, °
L ﬁ? ;
Cl H
Scheme 81
—

This diene could prove to be a useful complement to
that of the C-4 siloxy substituted diene aiready described, in

that a different substitution pattern could be incorporated

65
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LU : CH,0 ocH, - _TNo ‘
. . F oS Koa, T3
. . CH,0 OCH, )

v . 4 : - . l
into aromatic, straight chaipn and bicyclic systems, with a’
chlorine atom in place of a hydroxy or carbonyl group.
As a first, step in the proposed synthesis of 77, ﬁethyl

acetoacetafd (78) was reacted with phosphorous pentachlor ide

according to the method of Marshall86 £o give methyl 3-chloro--

2—Sutcnoatue (79) in 35% yield. (Scheme 82)

0 PGl _

‘ 78 coo R

——
B

* 1

. Scheme 82'

9+

The silylation of lg'to give 77 was attempted by several:
different methods, including LDA/TMSC1 and LiﬂﬂDS)TMSCl at

temperatures of -78°C ind;-23‘c. In' most cases the desired

‘product was not observed, hbwever, in one instance a product

was obtained which upon reaction with malonaldehyde bis(dimethyl-

acetal) gave methyl 2-chlorobenzoate (80) in 10% yield (Scheme
83). In this instance 77 was not purified and spectral

information was not obtained.‘

Cl  OSiMe,

Scheme 83
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Attempts were made to repeat this_i‘caction,_ but théae u

proved to be unsuccessful. Further work can be done in this

grea"in order to imp_rovo on the silylation rem_:tion‘orf 79 ‘so“

t}nat 77 be ful;y -characterized and its chemiitry. studied.

-
1]

‘ /
Conclusion -,
g

S8ilyl enol ethers have been used extensively in recent

-~

years as precursors to a variety of different synthetig

~ transformations. Further functionalization of basic silyl enol

éthers illows for the incorporation of these functional groups
into the final produci, resulting in hfghly substituted
compounds which may be difficult to synthesize by oto:her means.
It is with this in mind that we set about to synthesize and
ttuciy the sterochemisu:y and reactions of the chlorinated bis
s‘ilyi eno‘lhether 34.

All of the reactions involving the bis silyl enol ether 34
gave yields which were lower than similar reactions with the
unchlorinated compound 18. This may be due in part to the
presence of the chlorine atom at the C-4 carbon which renders
this position less nucleophilic . Subsequently, the eptire
mdlecule is less reactive than its uncillorinated analog. In
al lr»calees longer reactiolz times were necessary to give the
desired products, but still, the yields were not significantly
increasead. yowever, while yields were low, mixtures of isomers
were not; observed, and in most cases separation of the desired

product from the reaction mixture was straightforward. This

67
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’ particylar feature may be 'imdbttant'ifwa highly ’func_t—ionaliz"ed .
Jproduct is required, and other methods- for its preparatiun

prbv}é to be difficult to carry qut d:ué to -theapossibil ity of
mixtures of products. e . _ ‘

' Schemes were invést’igatedJ by whiich the synthesis of natural
“produt;:'.:s' Griseofulvin ‘and Nonactic acid were attempted.

Pinally, initial studies were done in the synthesis of a'c;-a

+ chlorinated analog of 34. . Ly
-y
]
<Y
> %»
) :
i
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EXPERIMENTAL

511 chcnicals uud were reagent grade. All solvents were
dricd prior to use; hcuncl and tetrahydrofuran (THF) were

dried over sodium metal/benzophenone, and methylene chlozk‘de

«
i

was dried over. phosphorous pentoxide.. _
Proton Magnetic Resonance and CG§bon-13 spectra were
takc:; with a varian 760, T60A, XL-200, XL-300 and a Bruker
AM-250 lpact:aute; with tct:ancthyllilau; KHS) used as an
intozﬁal reference. éilicon-29 Magnetic Resonance spectra were
taken with the XL-200 using the do&ouplod INEPT pulse
sequence,87 with TMS as internal reference. All N.M.R. data
are reported in parts per million (ppm) and peaks are
designated as singlets (s), doublets (d), triplets (t),
or multiplets (m).

" Infra-red spectra were recorded op a Perkin-Elmer Model
257 spccttophoto-otct and calibrated with poly:tyxcno filn. |
All I.R. datn are :opo:ted as wave numbers (cn"l). 3

Mass Spectra were recorded on a Dupont 21-492B )
spectrometer using a direct insertion probe with an ionization
potential of 60 ev (in ali” cases unless oth‘rwiu indic’at'od)“
and on a ZAB-HS spectrometer at an ‘ionizatioq"éofe‘néial of
70 ev. The Chemical lonization mass specvtarm, was recorded oﬁ, a
uewlett—rackard 5980A smqtromater.

Ga: Cb:cnatog:apbic upaut:lops were pozformod vith a

Hewlett-Packard 5890 GC using a flme ioniz'a!.:ion‘ detector. ..

' !
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Column chromatoérabhy was performed on.ngrck silica gel 60

(230-400 microns). using the flash chromatography method.38
;_Anelting points were taken on a Gal lenkamp App$ratus and .

are uncorrected, as are boiling points. . e
Elemental aﬁalyses were performed by Guelph Chemical™

Laboratories, Guelph, Ontario’.
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Methyl 4-chl oro-3-tr imethylsiloxy=-but-2-enocate 136') :

Zinc chloride (0.5 q) was heated and liquefied jover a
£1ame. Triethylamine (26 ml) was added and the solution
stirred for 15 minutes. Dichloromethane (50 ml) was added and |

the solution cooled to 0°C. Methyl t-chloroacetoacetate (37)

(13 g, 86 mol)' was added dropwise and the solution stirred
for a further 15 minutes. The reaction was quenched with
trimethylchlorosilane (22 ml) and stirred. at room tgnoerature
overnight, The solvent was removed under reduced pressure and

the residue dissolved in cold dry: hexanes. The solution was

. filtered under Ny and the solvent\selﬁved to yield a brown oil
'whlch was distilled under vacuum (0.1 torr, 55°C) to yield
© 11.3 g of product 36 (60% yield), It had:

ly-N.M.R. (CDCl,): "0.31 (s, 9H, -'-si'(cti:;)3).13.69 (s, 3H,
-COOCH3), 4.59 (s, 2H, ~CH,Cl), 5.20 (s, 1H,=CH);
29gi.N.M.R. (CDCl3): 23.6; |

13c.N.M.R. (CDCl3): 40.9 (-CH,Cl, E-isomer),

‘ ‘6.1 (3—18@02) ’ 50.6 ("'OCH3' z-ismet) ’ 51.0 (B—ilﬂlct) ’

101.1 (-C(OTHB)-QB, !—isomer), 101,5 (z—isomez), 160.6
(Clcnz-_(_:(orHS)-cu-, z-isomer), 164.9 (E-isomer), 166.7

‘ (=CH-CO,Me) ; i
. 'I.R. (neat): 1710, 1620, 1245, 1135, 840;

7n




¢
?
H

M. 3- : m/2= 222 (1. 5%, u*), 224 (0.5%, M* LD -
207 (1008 u*-cu3),
. | exact mass £0r CqHy,0 Sﬁhl (:ﬁ-cu . &Ic. 207.024
b o 771293 §J/ W found 207.028

1‘“,3-_-313gt:imethxl‘ﬂ‘loxﬂ-i-chlo:n-l-methoixp_" ’uta—l,i—diene '
(34): - H B R

-
-

PRSI

- B . o LT '

a
EIEL P

v ‘ Di;sop:opylmine (0.55 ml) in 15m1 THF was cooled to 0°C.

S Lot v,

N-Butyllithium (2.6 ml, 1. GM in hexanes) was added slowly and
the sglution cooled to -78°C. ‘Methyl 4~chloro-3- trimethyl- ~ :
siloxy-but-2Z~enoate (36) (0.73 g, 3.3 mmol) in Sml THF was

édded dropwise and the solution stirred for 10 minutes., The

reaction waa quenched with trimethylchlorosilane (0.66 ml) and

“

A T PN

~ stirred for 10 minutes at -78 ’c then allowed to come to room

Eemperature;' The solvent was.removed under reduced pressure

o kn

and the residue dissolved in cold dry hexanes. Thé solution

Il

- was fH tered unde: Ny and the solvent removed undex reduced’ <

- . pressure to yield 0.856g of product 34 (89% yield). It had:
v K " ‘ © "\7 ﬁ

lH-N.M.R. {CDCl3): 0.227 (s, 9H, -Si(CH3)3, 0.233 (s, 9H,
o ’ “ -51(033)33, 3.54’58' 3“. —COOCH3) '.3089 (S, 1“, HC' );

2951-N.M.R. (CDCl3) 2 19.6, 22.7

T,
p

13con.u.r, (CDC1y): 55.0 (-0CH3), 75.8 (~gH=C(OMe)) ,
97.1 (Clﬂc-C(O'rMS)-), 147.6 (cuc-cwrum ) o

o o AT i W

158.4 (=CH=C (OMe} (OTMS) H

72
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. ozganic layer was washed with water and dried (MgSO4). The

. .o . . : PN % .
- ~ . [
) R A -~
- « e
. - , - - . < R

. e 3 - .. s . i i e Rt e e 5 e g L
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<
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'I.R." (neat): 1645,71292, 1255, 850;.

'oM S. : m/z= 294 (15. 6%, M*), 296 (5 8%, Mt + 2),.73 (100%);

exact -mass for C Ho40,8i C1 : calc. 294.087
11723%35"2 found 294.089

o t ~

[

Hethxlr 3-ch1oro—z-hxdroxzbenzoate 539) :
t ° - .
J . *

1, l 3, 3—Tetramethoxypropane (38) (0. 36 g, 3’4 mmol) was

dissolved in 20 ml dichloromethane and the. solution cooledf to‘

-78°C. Titanium tetracbloride (0.5 ml) was added £011lowed by a
dropwise ~addition of 1 3—bis(trimethylsiloxy)-4-chloro-1-

methoxybuta—l 3-diene(34) (1.0 g, 3.4 ‘mmol). 'rhe ;olutxon was
stirred at -78°C for 3 hours amgl then left stirr ing ove:night
at-'room temperature. The reaction was qpenched w1th aqueous

oy

k8
‘sodium bicarbonate so,lution\and extzacted with ether. The

©

solvent was remoyed }uﬁer reduced. pressure to.yield 215 mg -

crude prodact., Purificé/tio(n By flash chiomsﬁogfaphy (94:6
4
hexanes-ethyl acetate, v/v) yielded 100 mg product (39)

(25% yield). 1t had:

1“-1«.& R. (CDC13): 3.93 (s, 34, Ar-COOCH3)  6.60-7. 90
.,(m, :m, Az-H)Y, 11.53 (s, 1H, Ar-OH);

I.R. (neat): 16‘(&) 1440, 1325, 1255, 1153, 753; _
M.S./: m/z= 186 (35.4%, M*), 188 (20,08, M*+2), 1547(100%);
Zétac‘t mass for CgH,0;Cl : calc. 186.008 ’ ‘

_ o o found 186.011 .

I H [
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Methyl 2-hydroxy=-3-chloro-4,6-dimethylbenzoate (41): -

. o ) - ’ . . Q‘
The bis silyl-enol ether 34 (1.75 g, 5.9 mmol) was
-dissolved in'10ml methylene éhloride. 4-Trimethylsiloxy-3~ R

penten-z-one (40) (1.0‘ g, 5.8 mmol) was added and. the solution

W« Y, a - - ~ -
TSR Nt ‘*‘-"rﬁi‘fh%%i“ ‘%; e .‘*1" gl i s
g2} o i a0 Yt _viqt‘:‘:;‘,“:‘ ‘

cooled to -78° C. 'rxtamum tetzachlonde (2.0 m1, 18 mol) was

added slowly and the resulting dark ted solution was stirred

L

v

at -78°C fdr 2 hours then left stirring overnight at room

By

‘temperature. The reaction was quenched with agqueous sodium

7
bicatbonate and extracted with ethe:. The solut:lon was washed

vt

"I ’
s
-y

i

‘ w;th water and the organic layer dried (ngso4). 'rhe solvent-
AV —_—

+ was removed under high vacuum to yield 600 mg crude product.

- Recrystallization from methanol yie]ided 290 mg product 41

.

A
UG s R ey S e

(23% yield). It had: ' )

.t
Q

mel’ping}“point:\ 92-94°C.
" lgoN.M.R. (eCl3): 2.37 (s, 3H, Ar-CH3), 2.48 (s, 3H,

Ar-CH3), 3.96 (s, 33, Ar-COOCH3) 6.67 (s, 1H, Ar’-ﬂ?t’fl.92 (s, ;

.a. (Nujol): 1665, 1260, 1210, 965, 805;

M.S. : m/z=.21% (32%, M%), 216 (20%, M*+2), 182 (100%);

-

IS mass for Cogmioncl : el MAMO gy

!

-

Anal. Caled: e, 55.9f;‘ H, 5.17. Found: C, 55.86; ,n,ﬂzo. '
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Methyl 2-hydzoxy-3-ch1orc-«l:metbylbénzoate (43):

et

. 3-Ketobutyralde};yde dimethyl acetal (42) (0.33 g,
2.5 mmol) was dissolved in Sml methylene c;alonide. The bis
sily] enol ether 34 (0.75 g, 2.5 mmol) was sddeﬁ, the solutio‘n
‘stirred for 5 minutes then cooled to -78°¢. 'ritanium
tetrachloride (0. 55 ml 5 mmol) was added slowly. The dark red
solution was stirred for 2 hours at -78°C then overnight at
room tempe:atute. The reaction was quenched with aqueous
sodium bicarbonate sol/utic\m and extracted with ether. The

solution was washed with water, dried (MgSO4) and the solvent

removed to yield ‘400 mg cr}ude product. Purification by flash

chromatdgrappy (4:1 hexanes-ethyl acetate, v/v) yieldeq 145 mg
of 'product 43 as white crystals (29% yield). It had :

" melting. point :.74.5-76°C;

lg-n. M.R. (CDCl3): 2.42 (s, 3H, Ar-CH3), 3.93 (s, 3H,
Ar-COOCH3)p 6 6 7.6 (dd 25’ Arbﬂy J'B Hz)'
11.33 (8,““, I-OH), ’ , . <

}

I.R. (Nujol): 1660, 1250, 1140, 970, 810;

M.S. : m/z= 200 (27%, M*), 202 (263, M*+2), 168 (100%);
‘ exact mass for %:9390391 : cale. 200.024
) found 200.023

‘1
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i ‘/ ‘__ Methyl z-hjdroxy-S-ch10:0-4-methoxy-6-mothylbcnzoate (45):

" —_—
~—

-

J3-Ketobutyraldehyde trimethyl ortho ester (44) (0.40 g,
2.5 mmol) was dissolved in 10ml methylene chloride and the ’
solution cooled to -78%C. The bis silyl enol ether 34 (0.75 g,
. ' 2,5 mmol in 5ml metixylene chloride) was added slowly and tHe
| solution stirred for 15 minutes. Titaxadm tetrachloride (0.74
f ml,. 6.8 mmol) was added dropwise. The red-brown solution was
» srirred at -78°C for 2 hoﬁrs then left at room temperature
; : (overnight. The rection was quenched with aqueous éodium
F; " bicarbonate solution and extracted  with ether. The organic
1 layer was waqhed with water, dried .(MgSO4), and the solvent
( . . removed under reduced px:essure to yield 300 mg crude product.
Racrystal lization from methan61 yielded 141 mg of product 45 .

s white' crystals (24% yield). It had:

Y

IH).N:M'R' (CDC13)3 2055 (8( 3H, AI-CH3)1 3-91 & 3093 (.'

3H & 3H, Ar-COOCH3 & Ar-ocHz), 6.30 (8, 1H, Ar-H),

e

| P ' Cos
{ . I.R. (Nujol): 1650, 1565, 1315, 1300, 1275, 1225, 1105

: . 985, 800; ) .

r . ‘ . v . '
u.g. . m/z= 230 (398, M%), 232 (25.8%, M*+2), 198 (1008} . - ¢
.exact mass for CjoH;104Cl : calc. 230.035 . , ~ .

found 230.033

Anal. Calcd: C, 52.10; H, 4.8l. Found: C, 51.97; H, 5.09. .

¢

zlting point : 158-160°C; ' - /\'

PR SIS
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Methyl 3-keto-—4-ch1oro-s—hydtoxy-S-methyihexanoate (59) ¢

1

Acetone (3) (0.50 ml, 6.81 mmol) was dissolved in 20ml dry
methylene chloride and the solution cooled to -78°C. Titanium
tetrachloride (0.40‘m1, 3.65 mmol) was added slowly. ';‘he silyl
enol ether 34 (1.0 g, 3.42 mmol in 5ml methylene chle;:ide) was
added dropwise. The brown solution was stirred at -78°C for
3 hours g:hen allowed to come to room temperature. The reaction .
was quenched with aqueous sodium bicarbonate solution then
extracted with ether. The organic layer was washed with water
then dried (MgSO4). The solvent was' removed under reduced
pressure to yield 700 mg crude product. Purification by flash
chromatography (7:3 hexanes-ethqu acetate, v/v) yielded 310 mg
of product 59 (44% yield) and 170 mg starting material.

Compound 59 had:

lH-N.M.R. (CDCl3): 1.38 (s, 3H, R-cu3)n.*~1.\3qgk~(s, 3H,

R-CH3), 2.74 (8, 1lH, R-OH), 3.73 (s, 3H, R-COOCH3) 3.80 (s, -
2H, -O0CCH,COOMe), 4.25 (s, LH, -CH);

I.‘li. (neat) : . 3520, 2990, 1730, 1440; .
M.S. (CI): m/z = 209~(413, M+H), 211 (12%, M+H + 2), 151(100%);

L
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. . Methyl 4-chloro-4-(l‘'-hydroxycyclohexyl) acetoacetate (60):
. 3 /’

- -

i

-

CYclohexanon'e (58) (0.17 g, 1.76 mmol) was dissolved in 5ml

i

methylene chloride and the solution cooled to -78°C with
stirring. Titanium tetrachloride (0.37 ml, 3.4 mmol) was added
dropwise and the solution stirred for 15 minutes. Bis silcyl

enol ether 34 (0.52 g, 1.76 mmol) was added dropwise and the

v e e g e g e

) solution stirred at -78°C for two hours then ovérnight at room
temperature. The reaction was quenched with aqueous sodium

bicarbonate solution, the organic layer washed with water then

A

1 e e R R T TR g T T Y

; dried (u'gsb,;).'l'he solvent was removed under reduced pressure™
to yield 350 mg crude product. Purification by flash
chromat;ogA y (3:1 hexanes-ethyl acetate, v/v) yielded 111 mg

of product as % yellow oil (25% yield). It hads

-

TR e e o A A s, B oMb K s Yo TV W o P

5

14-N.M.R. (cnc13/ : 1.2-1.8 (br, 10H, -(CH2)s-), 3.70 - 3
N (s, 1H, -OH), 4.10 (s, 3u,*x-/co.6c33). 4.20 (s, 2H, -oc_égzcooue). ‘
4.67 (s, 1H, -CH); ’ c k

I.R. (neat)-: 3510, 2950, 1750, 1445, 1330, 1245;

'M.S. :'m/z= 213 {2.4%, Mt-cl), 28 (100%);

' exact mass for C;iHyeO4 (MV-Cl) : calc. 213.113 | /
: 1171654 found 213.118 )

e
-
e
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1,5-pimethyl-2-methoxycarbonyl-3-0x0-4-chloro-8-oxabicyclo-
[3.2.1] -octane (61):

i

The silyl enol ether 33 (0.75 g,. 2.54 mmol) was dissolved in

é ml methylene chloride. Freshly distilled acetonylacetone (59)

(0.299, 2.54 mmol) was added and the solution stirred for 10
minutes then cooled to -78°C. Titanium tetrachloride (0.60 ml,
5.1 mmol) was added slowly. The red-brown solution was stirred
at -78°C for 3 hours then left overnight at room temperature.-
The :eact;on was guenched with agueous sodium bicarbonate
solution and extracted ﬁiFh ether. The solution was washed
twice with water, the organic layer dried (MgSO,) and reduced
un&er high Gacuum to yield 450 mg crude product. Puriiicatioe
by flash chromatogtaph& {(4:1 hexanes-ethyl acetate, v/v) '
yielded 180 mg product 61 as white crystals (30% yield).

It had: '

melting point : 95—96.5‘C;
1_N.M.R. (CDCl3): 1.47 (s, 3H, R-CHy), 1.58 (s, 3H, R-CHj),
l1.6«2.7 (m, 4H, R-Cﬂzpﬂz;R)l 3.61 .(31 1H, "Cii).p 3.72 (s, 34,

‘R-COOCH3), 4.29 (s, 1H, -CH); ' S

I.R. (Nujol): 1760, 1735, 1340, 1315, 1220, 11‘20}
M.S. : m/z= 246 (4.3%, M*), 248 (1.2%, M*+2), 28 (100%);

" exact mass for Cy31H1504C1 2 calc. 246.066

found 246.065 >
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Z-Methoxxcarbonyl-3—oxo-4-chlor048—oxabicyclo- [3.2.1)-0ctane

62): ; ’ . .

)b
o
4

2,5-Dimethoxytetrahydrofuran (60) (0.42g, '3.2 mmol) was
dissolved in 15ml methy]iene chloride and the solution cooled
to -78°C. Titanium tetrrachlo(;ide (0.50 1;11, 4.6 mmol) was added
slowly and the solution stirred for a further 10 minutes. The

silyl enol ether 33 (0.65 g, 2.2 mmol in 5 ml methylene

chloride) was added dropwise. The resulting dark red solution

was stirred at -78°C for 2 hours then left .overnight at' room
temperature. Aqueous sodium bicarbonate wgs; added and the
solution extracted with ether , washed with watér and dried
(Mgsoy). The solvent was removed under high vacuum to yield -

245 mg crude product. purification by flash chromatography

(4:1 hexanes-ethyl acetate, v/v) yielded 145 mg product,

(30% yield), as a 1ix -ure of 0il and crystals corresponding to

the keto (62a) and enol (62b) tautomers of 62. Washing the

mixture with cold methanol separated ‘the mixtui:e and gave

’ 1398 mg of crysi:alline product 62b. It had:

melting point: 100.5-102°C;

W )

lon.m. R+ (CDC13): 1.5-2.3 (m, 4H, -C-CHCHp=C-), 3.82 (s, 3H,

. R-COOCH3), 4.05 (s, 1H, -CH), 4.64 (4, J=4Hz, 1H, -CH), 4.98

(d, J= 2Hz, 1H, C-CHCl1l-C), 11.45 (8, 1lH, =OH);

I.R. (Nujol): 1675, 1625, 1380, 1290, 1250, 1230, 825, 635;

80 . "
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M.8. : m/z= 218 (24%, M%), 220 (7.7%, H"'+2),‘ 69 (100%);

exact mass for Cgﬂllo‘CI : calc. 218.036
found 218.035

L

Anal. Calcd: C, 49.44: B, 5.07. Pound: C, 49. 33, H, 5.24.

5‘5..

2-Methoxycarbonyl-2-methyl-3-0x0-4-chloro-8-oxabicyclo-

g

[3.2.1] ~-0octane (66):

b
Tetra-n-butylammoniun fluoride trihydrate (0.64 g, 2.0 mmol)

N
oxabicyclo-[3.2.1]-octane (62) (0.44 g, 2 mmol in 5ml THF) was

was dizisolved in 10 IIZTHF. Z-Carbanethoxy-3-oxo-4-ch1o:o—a-

. added and the solution stirred for 30 minutes. Holecwiat
sieves (3A) were added and the solution stirred for \90 ,
minutea. The solution was decanted. then quenched with pethyl
iodide (0 13 ml, 2 mmol) and left stirrxng at room tempetatuxe
overnight. The solvent was removed upder reduced pressure, the
residue dissolved in ether and filtéred. Ti\e filtrate was
washed with water then dried (MgsSO4) and the solvent reduced
under high vacuum to yield 320 mg of pure product as a §gllow '

oil (70% yield). 1t had:

14-N.M.R. (CDCl3): 1.67 (s, 3H, R-CH3), 1.8-2.3 (i, 4H,
~C-CHpCH,-C), 3.78 (s, 3H, R-COOCH3), 4.50 (4, J=7.9Hz, 1H, =CH),

4.71 (m' IH' -CH)' "78 (d' J‘lHZ, "C’CHCI-C“); o

yfﬁhn 1728, 1450, 1275, 1050; Y
- “ ‘ / ",k: N “
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M.S. ¢ m/z= 232 (2.3%, M%), 234 (0.9%, M*+2), 28 (100%);

exact mass fpr 610H1304$l : ::::d ggg.gig

w

2-Methoxycarbonyl-2-methyl=3-tr iméthylsiloxy-4-chloro—8-ox a=- ‘ '

Y

bicyclo-{3.2.1}]-3-0ctene (67):

Diisopropylamine (0.18 ml) was dissolved in 10ml dry THF
and the solution cooled to 0°C. n-Butgllithium (0.56 ml, 2.5M
in hexane) was added slowly, the solution cooled to -78°C‘and
stirred for 10 minutes. 2-Methoxycarbonyl-2-methyl-3-0x0-4-~
chloro-8-oxabicyclo-[3.2.1]-octane (66) (250 mg, 1 mmol- in 5 ml’
THF) was added slowly and the solution stirred for 15 minutes.
The reaction was quenched with chlo:otrimethylsi'léne (0.22 ml),
stirred for a further 15 minutes at -78°C then allowed to come,
to room temperature. The solvent was ret;\oved under reduced
press::re and the residue dissolved in cold dry hexanes.v'l‘he~ Iﬁ ’ «
solution was filtered under N, and thevsolventb remae\;e:inunder

high vacuum to yield 160 mg pyoduct (67) as a brown oil
(55% yield). It-had: T

lH-N.M.R. (CDCl,): 0.25 (s, 9H, -Si(CH3)3) 1.56 (s, 3H,
R-CH3), 1.8-2.3 (m, 4H, R-CH,CHz=R) 3.70 (s, 3H, R-COOCH;), v
4.31 (t, 1H, -CH), 4.45 (d, 1H, =C(C1)~CH); "
I.R. (neat): 1730, 1650, 1250, 880, 840;

M.S. : m/z= 304 (1.9%, M%), 306 (1.0%, M*+2), 28 (100%);

exact mass for Cj;3H,7048iCl : calc. ‘304.990
‘ found  304.093

*
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2-Methxl-'Z-methoxxcarboﬁxl—3 ,4-dioxo-é-o;rabicxclo- [(3.2.1) -

i

octane (76)': o . ‘ : Yo
) .

Silyl enol ether 67 (363 mg, 1.2 mm&i)iwas dissolyed in’
10:90 CH,Cl,/CH30H and cd,oléd‘to -25¢C. Ozone was bubble\d.“
through the solution for 1 hour at which time themixture
tumed‘ a light blue. 'rhe:'bubbling of ozone was discontim‘:)éd

and the solution st’itred for an additional 30“'minutes.

"Dimet';hyl sulfide (2 ml) was addedﬂ;md the'solution allowed to

come to room t’emperaéure’ and then'ét”iirred overnight. The -

]

solvent was removed under vacuunm and the. residue dissolved in

methylene chloride. The solution was wastFed twice with' Hzo,
dried (Mgso4), and the solvent removed under reduced pressure
to yield 110 mg crude prdduct. Purification by flash -
chromatography (8:2 hexanes-ethyl a_nqei::ate, v/v) yielded 75 mg"l.

1

of ptoduct 76 (30% yield) .. 1t had:

ly-n.M.R. (cuc13)~ 1.81 (s, 3H, R=CH3), 2.0~ 2.5 (br, 4H, '

C-CHZCHz-C-)a 3. 75 (8, 3H, R—COOCle), 4.58 (d; J=7.1 HzZ, )

. ].H' -CH), 4.77 (d J.-’ 3"2, IH' -CH)'
* I.R. (neat):, 3450, 1735, 1435' 1450, 1270, 1055,

M.S. : m/z= 212;(14*). 28 (100%);

exact mass for c10“12°5 A calc. 2124068—.,
T ) found 212.070
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\ Methyl B-Gﬁloxo-z-butenoate {79):

Compound 79 was prepared according to a literature

proée_eduxe.” Phosphorous pentachloride (25g) was dissolved in

60 ml CHCI 3e The sol utioh was stixted for 45 minutes then

coo],pd to o* C. Hethyl acetoacetate (78) (10.8 ml1l, O. 10 mol)

.'-wasy added dropwise and the sturmg continued at’ o‘c for two

|’\.

houtp. The reaction solution was added slowly to 600 ml

crushed ice. 'rhe organic phase was separated and washed with

H0 (3 x 50 ml) ’ cold 5% NaOH {2 x 50 ml) and saturated brine

- and the extract dried with Mgso,.

Tziethylamine (8.5 ml) was carefully added to the previous

‘solutign and the mixture refluxed for' 3 hours. After cooling,

the solution was washed with Hy0 (3 x 50 ml), cold 10% ag. HCl

h (2 x 50 ml) and saturated brine. The extract was dried over

Mgso“ the solvent removed under vacuum and the dark brown

residue distilled (5-20 torr, 62°C) to give 5.65 g of product

[
H

79 (42% yield). It had-

hr-n.n.n. (CDCl3): 2.60 (s,.3H; B-CH3), 3.72 (s, 3H, R-COOCH3),
6.06 (s, 1H, —C=CH-CO-);.

-

his is in agreement with literature values.89

\

¥

3-Chloro-l-trimethylsiloxy-l-methoxybuta-1,3-diene (77):

‘;’ - ' -~
Diisopropylamine (2.lml, ,lSmmoﬂl) was dissolved in 40 ml THF
and the solution cooled to 0°C. n-Butyllithium (10.3 ml, 1.6M

in hexane, 16.5mmol) was added dropwise and the solution
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lcoolet_l _to‘ '-:78°C; TMSCl (2.52°ml, 20mmol,) was added dr;:pwise and
, the solution stirred for 10 minutes.. netiiyl 3-chloro-2- '

butcnoate (79), (1,3g97 9. 4m01) was added dropwue and the

solution stirred for a further 10 m:.nutes. The sblvent was

removed under reduced pressure and the resiqxue dluolvcd :I.n

s “"5

cold dry hexanes.’ This solution was filterre& and the sqlvent

removed, under -vacuum to yield 1 659 of crude product 77 (85% A

V-

" crude yield). : :I\- . Lo '

“ethyl 2-chlorobenzoate (80)

Y

»

-

f
’

1;1,3,3-Tetramethokypropat;e (38) (1.05 ml, 6.4@?1) . was
dissolved in 50 ml caécrz and the solution-cooled to -76°C. b
)Tithnium'teti’achlo‘ride (1.76 -ml1) .was aﬂded dropwise a;xd the
dolution stirred for 10 minutces. The product of the previoug ’
reaction 77 (1. 32 g, 6.4mmol)was added and the aolution
stirred at -78°C for 3 hburs gollpwed by stirring overnight at
room temperature. The reaction was qnenqzhed with aqueous
csodium bicarbonate and extracted with ether. The organic layer
was washed with water ‘and dried (MgSO4) T;\e golvgm; was

removed under high vacuum to yield 850 mg crude product.

. Purification by flash chroﬁatobraphy (95:5 hexanes-etﬁyl' .

' acetate, v/v) yielded 105 mg of product 80 (10% yield). \\

ly-N.M.R. was*in agreement with literature values.90

Lo
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