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I!y s nature, schmmm\‘
rmm-mnmmmumocm>
Mmhtowwmm sr 8asingly

or more um wcyo Mr.um rm vuu htn rmn ) cxpmm crowm -n thd

use of orgm uhnm Mtry in synthesis ! By contrm the expioration-of ormc,

* toliurim chemistry in this respect is “still st gn sarly stage.

A. Tellurium nimm in Organié Synthasis
The element teliurium Was discovered in 1783 snd was nemed in 1788, The first
ormé derivatives of teliurium were prepared as esrly as 1840 Since that time [
co'qsidcrlblc number of publications has sppeared .on the general subject of telturium in
_organic chemistry,! however. only a very limited number of exsmples exist of the
spplications of tcilur}un to transformations not readily saccomplished by clagsical means.
) . . . | - ”
Tellurium Based Reducing Agents. One of tho tirst rcborts of the use of s tcltmL
'compouna 43 2 reagent n organlf: synthcsis involved-the spplicstion of a diaryi telluride for

detyrontination of vicinsl dibromides (eq. 1).¢ Since that time a number of other tellurium

reagents have been described which also‘ carry out th( u‘ma trqnsfo_rmation.

ATe + R "—-———» RCH=CHR + Ar.hlr.

. "ﬁ

These include Ar,Te,s NaHTe* (which can ba prepared in situ from. Te and NaBH,), snd

sodium 2-thiopheneteiluroate (2).” The latter is a particularly interesting reagent. Yields are

L4

1)

relstively mcxpwu fw ei iho woodtc ZM& nwm sources ef mw ruwm

@,

good and the elimination proceeds at, or below. room temperature with a high degree of -

anti-stereospecificity. The reaction is thought to occur by the pathway shown-An

" Scheme 1.

The tenunde reagent 2 is prepared /n sitd by sodium borohydride reductmn of
bis(2-thienyhditeliuride (1. Smc,g ‘diteliuride 1 is also 8 product, the reaction has been

LY
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, I . Scheme 1 .
| >
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o
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'»'refmed to:a cycle Wthh us catalytnc w1th respect to 1. Furthermore the reactron is self
'.vilndncatmg smce dltellurlde 1is dark red whereas tellurlde 2is colourless The reactlon is
; ‘perforrned by muxnng a catalytlc amount of dltellurade 1 (3 9 mole %): wuth the wcmal ]
L v”dlbromnde in ethanol under an inert atmosphere A solutlon of NaBH, in aqueous base is
| qadded unt|I the ed colour is duscharged At thls pomt the reaction is complete air is
- mtroduced to oxldleedﬁ&tellurlde anion 2 back to dltellurlde 1, and the products are.
|solated ' o e _ _ ‘
‘ " This reagent has also been used in a S|m|lar catalytuc fashnon to dehalogenate -
-chloro -bromo and’ lOdO ketones and carboxyllc acids.* In thns case, itis apparent that h
‘v‘sodlum borohydrlde must preferentually reduce the tellurlum tellurlum bond of 1 rather
than the ketone carbonyl smce halohydrm formatlon is not observed The correspondung

llthlum salt of 2 has been used. storchlometrlcally (2 equnvalentsl in dry THF to reduce

a-—halo,‘-ace__toxy, -mesyloxy_and -phenylthno_ Ketones to ketones. The mechannsm
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proposed for such transformaiions is shown in Scheme 2. In 'son'\e cas “5‘ for example.

‘\ o R P

‘ may be mvolved

X=CL,Br,1,0Ac,OMs, 8Ph
S o
t . PR / ) ) ) ’
- ) ; . ' -/
/ ‘ ‘
. A number of other /tellurrum reagents have been ,used for dehalogenaung .
.- halocarbonyl compounds These mclude NaHTe 9 Na2 el Na,Te,”‘ and ‘s_o,’drum s
4._0 0- -diethy! phosphorote/l(.uroate (4),13 v ‘
Tellunum reagents have ‘been employed for a varnety of other reductnon
processes. ‘Sodium hydrogen tellunde (generated in situ from. Te and NaBH,) was found
e
to reduce carbon- carbon double bonds n the presence of a varuety of functional groups

{equ. 2- 6).1213 S h» . o o " v‘.~". SRR i .: ) : ,;

!.Hfii

" 84% (2




/ 1 ~ | .5
& ¢ B
IRV 3
. N ’ "‘ . )
U PRCH==CHCHO =~ MMTs, o cHcHO - -
74 | @ !: l_ ﬂ.ﬂfo 14)
; CH==CHCCH, |
’ NaHTe (&)
© -J.

cu.cu."o[cu=cﬂtocﬂ.cﬂ. &5!9;4» cu.cu.-otcu.c COCH,CH, 161
I

Hydrogen telluride will--redute benzaldehyde at 0°C under nitrogen. (equatio‘n 7).

) however. the toxicity of the reagent its: thermal onstablhty and lts sensmvuty to-air and light

“make it mconvenlent to use.* o S o

K

PhCHO +'—l€l‘.‘|"e -—'i'-'zc—b Ph/CH.OH + T .

[N

‘ The compound can however be generated /n situ from alummum tellurnde and water

accordmg to equatnon 8.1

Ju

5 6T Y
RTONR S L R W R

3



T S )
' Usmg thns procedure benzaldehyde was reduced quantntatwely whereas n-o nal
- and cyclohexanone gave only 50% and 51% ‘yields of the correspondmg alcohols 1 The.r
- reagent se|ectuvely reduces the carpon carbon double bond of o. ﬂ-unsaturated carbonyl B

: compounds “No allyhc alcohols are obtanned By replacmg water in the reaction with D o
deuteratron can be accomphshed Hydrogen tellunde has also been used to reduce a
number of other functuonal groups 3, A[,o@tuc nntro-compounds and aromat!c v

- hydroxy!antunes guve amnnes whﬂle aromatnc nztroso-' 820~ and .azoxy- compounds are -

reduced to m:xtures f aromatnc ammes and NN’ dnaryl hydraznnes with the Iatter as zhe ‘

!

main products (eq 9-43. . f |
‘ e { R e . . _' e
. . R ' ’ . A i " . .
[}
 PhNHOH  —NTenO o gy & prNHNHPH o0

. i v . AhTo;.NaO 4 V\ o R :
_.._.__....> . .
PRNO  —SFre - PPNH 4 PrNeen oo
TR e . W% e3% FR
#A,
. ‘."‘ . B
P Al.'r.,,ﬂ.o I . L
: = , -————-» P :
PhN NPh CTTINEN, FhNH. + PhNHNHPH
| | T % . 8%
o ; - ~ ,’,&:
L . ; o } o
9 At.'r..n.o '
m=m S THF Ny "'N"' + . PriniNHPn (13

Alcohols have been converted to benzyl and neopentyl ethers usmg Vllsmerer salts -
. by reductnon with sodnum hydrogen tellunde ina process whlch was shown to proceed

through telluroesters (Scheme 3) prevnously unknown class of compound W



/ , . Scheme3" | - .. .° —// Yo

-
-
&
w
¥

Tellurndes whvch can be prepared m mar)y ways for example fro alkybl halides or

'R Te,) can be reduced to: the correspondung hydrocarbon wnth tnphenyltm hydnde 1t An

mterestmg example of the utuhty of thls reactaon is shown in equatlon 14 Thns two step_’ o

lo

process corresponds overan to reductton of an epOXIde m the presepce of a ketone a .

-

’ '_ transformatnon ‘not" easﬂy accompilshed by classncal means w:thout resortrng to'

‘ protecnon deprotectnon steps SR o vg'f '




o The reagem reacts exotharmrcatly wuth epox:d%s at raom

convemently in. srtu by ructnort of sodmm dnathylphosphnte l3) wath dmnta! teljuruum

‘ '_l)turc_vto guve nlkenes

*;elactwe» deoxyganmons ora possible. Among geqm; 'sumprs o 'd“

oiefms that wnth Z. stereochamistry ls moré ’ructava

| ‘ stereospecufuc a Z~epoxnde QIVBS 2 Z-olefm The react'on works for cyclohexene oxsde

., (1B

The mechamsm proposed ts shown m Scheme 4, Suﬁce teli raum metai |s

produced (Scheme 4) and sodium. duethyl phosphnte 3 reacts faster w:z,v tellunum than

. with epoxndes itis possnble to perform the reactson catalyncally wnth respect to tellunum o

o

o

e

*
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'Tellunum Based Omdlzing Agents A number of tellunum specnes have been used as

qudants in orgamc chemnstry Selemum dnoxlde |s a well: estabhshed lomdnzmg agent“

; 'employed m most cases to effect allyhc Ox'datoons n Tellunum daoxnde y contrast has
seen Inmlted use and it behaves somewhat dtfferently Applucatnons of‘tel urium. dro%tde as

-an oxndnzmg egent were gtudred as early ﬁs 1941, n however the results were not

. '

partncularly encouragmg due for the most part to the |ow solubullty of the' compound m o |

3

: .almost all orgamc soivents More reoently mnxtures of telluraum dIOXIde and acetac amd

' _have found appl;catnon as catalysts in certa:n oxudatlons For example ethylene |$‘

‘ converted almost quantutatwely mto ethylene glycol by the process summanzed in equatuon o




» R . 10
," , b |
- / . -
/
0 / ‘ ) 1
GH=CH, + 080, + WO = "%,'m““,,,,,,'“"i > HOCHGWOH 118

N o . .
LU e e . . < : £ A o e s .

Sumclary alkyl substntmed aromatvc compounds react at the benzyhc Posmon in the:

_ presence of pressunzed oxygen (equatuon 20). -

M‘C‘,Q:M >
HOAc, Yo O,

(20)
. Lile, LINO; ‘

I3

In contrast fo this reaction; ' in the absence'of pressurized oxygen the-séme

reagents give only acetoxymethylatnon products 30 Thgs result is also in sharp contrast to

.the behavior of setemum dioxide under the same condmons (equatnon 2 1)

._m..mt_,

HOAc,LiBr
20%

Acetoxymethylation, in" the case of tellurium diOxide is believed to proceed .

through carbene 5, whose origin is speculated to be as shown in Scheme 5.

i
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cham ox»dataon accordmg to equatnon 22.¢

" Scheme 8

| | _noac/uer o S
Te0, | — > TeloAc)B,,
.0 . .
RS . y T Q( —_— AcOCH.COOH +To(ll)+x
. _— N (- A . " _ ’ ,

' ok B .. '\.

i

CO, + Te(ll) + :CHOAc

| L } ﬁ— . A
OAc OAc

2

Orthotellurnc acid. (T e(OH).) can be used in place of tellunum dioxide , to effpct sade

To(OH); +AcOH
LiBr

' ArCH, —> ArCH,OAc (22 -

e

L«thnum brormde |s assentnal and it was fouhd that nng bromination ssde products
are: formed in lrght of 9y§e observatnons |t was suggested that the benzyhc acetates
arise by solvolysn}c&ﬁanzyhc bromides formed according to Scheme 6. The side chain
oxldatnon observed at high pressures of oxygen with tellurium dnoxnde (equation 20), may

be due to oxndatnon of aTellVito a TeNl) species which then reacts as in Scheme 6

)
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Scheme &

V) 4+ 2T ——— WM+ N,

'/kCﬂ.f}‘.. —_— neu.ua-u.

{ g

Both tellurium dioxide and teliurium trioxide. can be used in acetic acid containing
lithium bromide to effect more conventional oxidations. _Thus, cyclohexanone is oxidized

to (X-acet xycyclohexé’none {equation 23).:* Again this result is in contrast to what occurs

. with selenium dioxide.**

(23)

The teliurium dnox»de/hthnum bromide/ acetic acid/ acetic . anhydnde system has

atso been used to oxidize butadiene to a mixture of 1, 2-and 1 4-dsacetoxybutenes n

4

The reagem bus(p-methoxyphenyl)telluroxlde (6) IS a very mild, hnghly select:ve

~ oxidizing agent for many synthenc transformanons -3

-~n

*

i cgnv‘args -phosphinés to phosphine oxides, aromatic hydrazines to hydrocarbons.
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3

mercaptans to disulfides, \‘

d catechols 10 quinones (oqu\iﬁom 24-27). Xanthates.
thiocarbonates, thicamides. thiaries, and selenocarbonyl compounq{ sre converted to the

corresponding oxo deriv’tivcs.

S (24)

(25

{26)

2n

This reagent wnn not however oxnduze dithialanes, :enamines, aldehydes ’ketones
. alcohols pyrroles mdoles amino acids, aromatnc amines, monohydroxyaromatics, esters,
| hmdered thnocarbamates |somtr|les oximes, ary! hydrazones sulfudes -or selenides.

The reagent has been’ ‘used catalyticaily for conversuon of thnocarbonyl compounds

into the Oxo-analogues (Scheme 7).30
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8rCI,CCTL,Br

2(:-cu2 '

Ar= {p-MeO)PH

’ L
: 4
The tellurox:de s regenerated in the react:on medium, by oxndatoon to the dubrormde using

1.2- d:bromo-tetrachloroethane foliowed. by hydrolysis with aqueOus basc

The Tolluroxndc Elimination Rclction The nmporunce of sgiamum methodology in
vorgamc synthesis is due largely to the saieno;ude fragmentatnon reaction.! Mthough
discovered ony retently, it has become one of the most entenswaly studied and wadely
used of the modern reactuons By contrast: relatwety httle is known of the corresponding
behawor o‘f telluroxndes 3-33 The first roported cxample of tha teliuroxide elimination
reaction was the o:udat-on af severa| téllundes in benzene usmg rert~ba.:tylhydroperoxude,
to give mixtures of olefms and alcohols » The Iatter were. presurnap!y Jhe result of a
“1,2-shift of the teliuroxide or the' correspondmg tellunum dnoxode Subsequent studies

have estabhshed that primary alkyl ar:yl telluroxndes reqmr.e relatwaly higher temperatu::es

d longer reaction times than the, corresponding selenoxides (equation 28.%

o

C H,CHCHTOAr —C gy ::hc CoHCH=CH, + CgM,CH,CH.ToAr 28]

‘.N=Prc"a09h-— B
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Secondsry alky! aryl telluroxides undergo the fragmentstion at rm temperature
10 give mixtures of termingl snd intarnal alkenes. together with smaller smounts of
, sicohols tnd ketones (cqumon 29).¥ The sicohols may arise from 1 2-ullurrsh'ftn and

tho kotonn by subsequent oxidation of the c!cohols

N Mu.on‘a.

v

/\/W 129
/\/\/\\/

For linear olefins, the ratio. of terminal to intprunal‘ alkené is higher for the
teliuroxide ‘fragmehiatio'n {ca. 2.5:1) than for the ﬁorresponding selenoxide (1.6:1) or
sulfoxide (1.5: 1) reactions. J o |

The telluroxide elimination appears to be a less fac%ile process than the
correspondfﬁg selenium reaction. The reasons for this may be that all telluroxides were -
‘nsolated as hydrates Wthh sre most certainly dihydroxytelluranes with a four coordunate
tellurnum atom. This constntutnon may lower the basicity of the oxygen atoms 3

Secondly, longer bond lengths for the carbon-tellurium and tellunum oxygen bonds
may place the oxygen atom further away from an appropnate hydrogen atom.’' 3* The’
lower reactivity of pnmary vs. secondary tel!uroxudes may be fdue toa flow of electrons
from carbon.to tellurium in the transition state, making carbonn’.vm ion stability an important

factor.»s



g

A different, but relsted process is the resction of sikyl phenyl teliurides with
chiorsmine-T (equation 30).* With this reaction, one example of » secondary alky! pheny!

teliuride gave 8 mixture of terminal to internal aikeres of 2.2. 1.

d

. ]

|  Ne

ACHCHTOPh & p-CHANSONG —IH—a- mamm.. |
ety <o
, RCHECH, + PHTONHBO,PhCH, .
68-93% s s

Tellurium Reagents for Carbon-Carbon Bond Formation. For synthetic organic
chomisiry, reactions which form carbon-carbon bonds are of brimcry importance. To this
end, t%ilurium reagents have beén used cnly sparinély. Tetraaryl teuuridq‘s-decompose
upon heating to give diary! tellurides and coupled aryls (equation 31).3" % Mechamnistic‘:.

?aies suggest a non-radical, concerted process,

140°C »
PheTe Sealed Phyle 4+ Ph=Ph . 31
, Tube .’2% ‘ "%

Teliurium tetrachloride acts  as an electrophile towards activated aromatic.

compounds (ArX, X = -OR. -SR, -NR,, etc.) to give aryl tellurium halides (equation 32).-

ArH + TeCly, —— P ArTeCl, + ArTeCl, (32)

"
These)cariﬁbe reduced to diary! tellurides and/or treated with Raney nickel to generate
_ coupted biaryls (Scheme 8).* * Unactivated aromatic compounds will react with tell;irium' ‘

tetrachloride in the presence of Lewig acids.
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. Scheme 8 d
T . NoH " RaNi S k
‘ v ArTeCl, EtOn , ArTe . ‘——'——-—> l'Ar.-Ar
. . . . ‘ : R | e
S
R o NeH, RaNi . :
— —_—e Ar- .
'kr.‘, - EtOH , ArTe — : ,Ar'Ar .

o

. Dtaryl tellurium dnchiorxdes can be carbodetellurated by. treatment wuth Pdill* in the .

presence of alkenes olefmated aryL compounds are obtarned in moderate to quantitatsve :

. -
.
. - ' . . . -
= . . .

.

9

yJelds (equatlon 33)

©°

‘ Copey
PhTeCl, + cn,—cnn ~—————  PhCH=CHR -

‘ e
RO . R=Ph, CO.CH., CN CH0,00R CH,OH . , . .
s . : o CH'OM’ CH.B( g i

<

‘ Sn the absence of an alkene, coupled aryls are formed. The reactuon probab!y

. proceeds via a reactive aryl palladnum specnes resultnng from Te(IV) to Pd(ll) exchange The
reactnon can be done cata!ytncalry with respect to palladuum if an oxndnzung agent such as
terr butylhydroperoxlde or copper(il} chlorade is present

Another carbon- carbon bond forming reaction mvo!vung aryl tellurochlorldes is

carbonylation in the presence of ‘ietracarbonylnockel (equatlon 34).4 e
: .A:rTeCl. S e
' or —NiC . ArcooH - o iga
| Ar;_r.CI, H,0 o -

"~ A number of tellurlum stabmzed carbannons have been developed. PhTeCH,Li and
(PhTe),CHLi have been prepared and trapped by a varlety of electrophules (Scheme 9).¢

These reactlons become partncularly useful |n conjunctron W|th the above mentuoned'
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tellurOxlde ellmmaxlon (equation 35) or.in conjuncnon wnh the reactuon of tellurndes wuth

i

halogens (equatnons 36. 37)..

®6)

.o Scheme 9 W
(PH)CHU  —TX > (PHTGHCHR  R=D,PhCH,
A o . ,
ermcn,”
RUISN ‘b S ' .
PhTeCH,Li ~ ———— PhTeCH,R R=D, PhGHOH, Ph,COH
PhTeR
. PHTeCHUI | o :
, ncu.x -—‘-’——’——» Pmcn.cn.a l’"i'i—"’e—» RCH=CH, (35)
' » Elimination ‘ : \
RX L’L“_)zc_’ﬂ.» (PhTe)lCHR -—SB%C—%’-—» Ph'!'eCH,R,
S o 2 T2 X
. Heat

RCH,X + PHleX,



(37)

Th‘e last reaetion‘ (equat@on '37) shows an example of a tellurium based acyl anion

equnvalent

© Tellurium stablhzed anions have also been used in the olefmatron of carbonyl‘

»

.a

‘ ompounds tequatlon 38) A

Vo

° . _70°c . aIL! _', . . | 410/0 “' ‘. .‘

L Several hnghly stablhzed tellur:um yhdes are known (for example eq 39) “lt s lnterestung .
{ r
to note that no epoxndes are formed in con‘trast to the correspondmg sulfur and selenlum ‘

reactions.

ool
¢

: CoE L 1BuOK,  Eo _ R

i E,TQCH,CQnEf -—T—H-F-b - RyTeCHCO,Et. —R———E’ %Cﬂc‘oliﬁt {39

Less ns known of teuurnum based alkylatmg agents One exar'n‘ple is. TeF's(OCH [Pl
: whlch was found to be a stronger alkylatmg agent than SO (OCH ), although weaker than
| FSO,(OCH,). Its alkylattng abrlity is attributed to the formation of the hlghly stabrhzed '

TeF,0- ion(anure 1). Ter(OCH,) was used to methylate D}MF, pyridine, and potass:um

]
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phthalnmnde However the reagent does have two electrophnhc sutes the methyl group

a -,

' and the telluraum atom so that m some cases n |s possub\e to observe nucleophnlnc attaclk

at tellurlum,‘ |

2 tht;re 1'  : B ..ﬂv ‘~ .
F/Tl'\;'_' — i~ T e T
o-- o RERE R L

Y

< ':Other Uses of Tellunum in Orgamc Synthes»s “The electroph;lhcnty of teﬁw‘ium-
i ‘tetrachlonde has been exp|0|ted in -a number of other: reactlons Tropyl derlvatlves :
: rearrange ‘at, ele\:ated temperatures or photochemncally to- benzene derlvatwes Wnth

tellunum tetrachlorude the reactnon proceeds at, or'near, O°C to gnve benzylic chlorndes

&

" - lequation 40)." '

+ TeCl. ¥ I-ICI‘ , (40)",_:;'\_'_-

e T

The reagent »aiso adds to c,arbon.-carbon double bonds (equation 4 1).

\RJ*/).TQCI. : R v . : D e
23& \’é - SUNE ) 41 : '
: TOCL ——’—k R/N-_f,f, e
.(\\‘ -
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The 1. 1 adduct can be reduced cleanly wuth sodlum sulflde back to thyalkene and

tellurium, “ Thus two step sequence ns useful as a one pot’ procedure for mvertmg the

T T

* geometry of an olefm (equatlon 42) R — T e

\

. 19% 8% .

K tetrachlorlde across the double bond followed by trans reducnve ehmmatlon
o »Unfortunately the stereospec:fucuty of thls reactnon vanes wnth substrate and solvent

. thereby lumltmg lts utlllty

“chloro- tnchlorotellura olefnns,;eact wuth sources of lodlne or bromnne to glve cis-iodo- or
! ,

bromo vmyl chiorides (equatlon 43). o

o nc::cn'—T'ﬂs_> >=< RN
B F-nally tellurlum me‘tal has been used as a catalyst in the dlrect format:on of urea
derlvatlves from amines - and carbon monoxlde (equatlon 44) 31 ” Formam:des are

byproducts Selennum also catalyzes thls reactron “but only.in the presence of oxygen

and produces water instead of hydrogen oo

o

To summarlze qhe use of telluruum chemlstry in synthetlc methodcgogy is still at an

- early stage of development The recent and contlnumg actlvnty in this fleld shows that

s

The process is thought to mvolve predomlnantly c1s addmon of tellurlum

. [ \ __ﬁ_b—!ﬁg—p / \ /\/ . .",R{."‘(‘lll.?l‘_.v

‘ ) Tellurlum tetrachlornde wzll add in 2 cis fashlon to acetylenes The: mtermedlate cis- '

43

D YN

| " RNHy + CO - ———If—-» __RNH/B'\_NHR + H o {44) -
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tellunum chemlstry is bemg examoned for dew and useful reactlons although xt rernams to

be seen whether te|lurnum wnll have as s»gmfncant an |mpact as selemum on the fneld of 5 f

"orgamc synthes:s / v ,“ o o w_,:‘

1

Our attermon was drawn to thns subject by 'S report that appeared in. the hterature

'some time ago.** Btsallyhc bro v when treated wrth soduum tellunde in DMF gave the

_bncychc tellunde 8. -Thus n ...‘. upon thermolysus extruded tetlurnum and gave

«hydrocarbon 9 accordmg to equatoon 45

7 Thns transformatton formally represents an’ mtramoleCular couphng of two allylic’
hatides to produce al, 5-d|ene We felt that if the process were found to be a general
. re%ctron it would be possn Ie to explo-t the transformatnon ln a synthetncally useful
ere able to develop a new wa)/GT'To?h:qng carbon- carbon o
t by the coupling of allyhc halides.* Allyhc\ﬂahdes have been

B ~f.:shnon In the event we

‘bonds: in an allylnc envnronm

o

coupled by other reagents and these reactvons are rewewed brnefly in the followmg

Lk

section. o v ‘».‘ | o T
.' B. The Couplmg of Allyllc Halldes o ~ o
' The couphng of allyhc hahdes to form 1.5- dnenes is synthet:cally |mportant because .
" j of the frequent occurrence in nature of the 1.5- duene system, partacularly in acyclnc
. polynsopreno:ds A Iarge number of reagents have been descrlbed whnch accomphsh thls
“\transformatlon., For the most part however they suffer from three shortcommgs
Allylic transposituon of one or both of ‘the allyl umts is often observed dunng the couphng
o Geometncal osomenzat'on of the allyhc double bonds is also frequently seen Funafly most
‘ reagents show no specnfncuty for the couphng of unlnke allylnc substrates '

The couphng of allyhc hahdes over magnesvum ns a well known process (for some -
',i”’exampies see references 56 63) In fact it'is often a competmg reactlo\\ dunng the‘ »

¢ -

. R o g J



example aquatuons 46 and 47) "
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A cyclic. transition’ state (Figure' 2) has. -been proposed - to ac'ceﬁnt_ f‘oriv the

regiochemistry .** *

;- L )’ . . ,"

x—m\/\/\n

“Itis possible to perform cross couphng reactoons of unllke allylic units with head to

head couphng by treatmg an allyhc halude in 121 THF HMPA with the Gngr/ward reagent of

another allyhc halide (equatnon 48) o Wrthout HMPA cons»derable couphy\g at the tertiary

o center is observed This. result was explamed by ‘%ssumnng that coordmatuon of HMPA

wnth the magnes:um atom prevents allyhc rearrangement “

P
. 5

46

- Figue2 A
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YA number of other elemontaf metals have been used to couple allyiic and benzyhc

V

hahdes These mclude zinc % alummum‘_ sodium amalgam in DMF ' and chemucally

' _actwated powders of nuckel cobalt platmuﬂ d iron prepared by reduction of the metal

halide with potassuum or lithium in the préser\ce of naphthalene 69 lron powder has been

used in water™ " and in DMF ? to couple allyhc and benzylic halndes In this case the

reaction is beheved to proceed by the pathway shown in Scheme 10 W

' . o '-Scheme10 /\’
- ’ Feo ,°-'+'_A
- PhCHLIL '_—Hﬁ_’ PhCHy CI
oo Fe + 2Pth_|;"_ R —— -2!’"0“: + FO'&

2PRCH; = PRCHCH.Ph
’ . ‘ . . o f‘ ' ) :n

B:sallyl 'Zinc compounds are thermally unstable and extrude zinc on heatung " The

reaction was shown by CIDNP to proceed through allyhc radicals and, as expected on the

Q
-basis of such a mechamsm a mnxture of lsomernc products is obtained (equatuon 49).

v . . P. -‘ . o ol':~A"l\.b

(49

19.29% tt \
. 19.5%tc 1205%1
N.2%cc 14.3%c

—7 - 183%
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_ Another reagent t at has been used extensuvely for couplmg allyhc halrdes (as well
as tosylates and acetates) is tetracarbonylmckel - Allyhc aicohols and athars are.inert.
With unsymmetrncal subStrates the diene products are rucher in‘the osomer which mvolves ;
‘coupling-at the less substntuted end lsomernc substrates guve ndentlcal product mixtures
(equat:on 50)." The reactuon works well mtramolecularly 11-20 membered rings can be

prepar.ed in good yneld (equatnor_\_»5 1) under‘c_:ondntao“ns‘ of high dilution.

8%

1)

u%.’

S ek A Lo NI
g ) 5
.

Unsymmetrical coupling may be achieved by treating the complex v'yith alkyl halides:
' Howevér, when the complex is treated with an allylic halide, an almost statistical mixture of

producté is formed due to ha_logen-meial exchange (equation 52).”" .

AR KNP R >95% : ' _' ' .
e | _ | M 62)

- 83% -
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\
I

. The major drawback to the use of this pv:occdure 1s the \)omilny and toiucny of
tetracarbonylnickel. x This problem can be circumvented however, by employing biscyclo-
. octadnenylnifckel as a source of Ni°." It'\ appears 1o be more reéctivg and less hazardqus.
tha}n‘i'etraCafbony!nnck.el. | .'

Allylic and benzylic alcohols héQé been symmetrically coupled using low valent
toiamUmJ“_'-‘ Initially, this react‘uon ‘was 'c'arrngd 'dut by. tresting an alkoxide with 0.5
pquivalant§ of')tlténnum tetrachloride. The resulting dichlorétitamum (IV) dnalkoxidé was
then reduced with potaésium metal to ‘the titanium (il d:aiingide. The latter thermally
'deco,rﬁpéses to ;He coupled hydrpca‘rb:on and titanium dioxide (Scheme 11).™ The‘/reac“tion‘.
.wa’s later rﬁbdiﬁéd to treatment of a monochlorotitaniumilll dialkoxide with methyllithium

as reducing agent.'® - ; - '

o c

Scheme 11

".'.‘._Ro- + mo, —— | (RO),TIC!,
K’ )
B-R + "rio,' <—h.-:t——— (Rpi.ﬂ
R =:.lllyl. benzyl’

‘A much more convenient system which ha§ been used extensively to gé'r'wér"ate.Ti(II) species
is Ti'CI,/vLiAIH.."“-" Some examples of the use of low valent titanium to couple allylic and

benzylic alchols are’ shown in equations 53-57.

PhCH,ONs S qiChbenzene,  on cipn B3
Thest T e ,

- p 1Tl bonzone =
CH. - CHC}"ON. _ﬁ““_—'_—» C.".— C"CH.CH,CH=CH.

2K ot ‘ 28% 54y
: o (3
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me —Tich LA, -~
ok ‘ e

R/k/ (57

, N
13% 8%

\ .
The mechanism proposed for this sequence is a homolytic cleavage of the allylic
car‘boh-oxygen bond of the titanium dialkoxide to 'pfoduce two allylic radicals vﬁ}hi;h then
dimerize (equation 58).%* As expected from é radical mechanism, allylié rearrangement is
observed and >a'mixture of regio- and geometrical isomers is obtained. When the.reac'iio‘n‘.
is performed on a mixture of ‘two different bélcohobls, an apprbiimately statistical

- distribution of products is generated.

Tor), —*—» 10, + 2R ———» R—R. (58)

R= allyl, benzyl ,

‘The reagents TiCl,/LiAIH, or TiCl,/LiAlH, have also been used to couple allylic and
benzylic halides.*¢ as have similar systems of .CrCI,/LiAIH." pnd VCig/LjéA‘lH." {equations
. 58-64). ‘ ‘ B
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' , ' (5O
monc,, TR UAM L N 80

1)
~
62)
. : \ \ » ‘
Q& —_— vc'};"“‘ Q——Q . (B3
. ' ~ reflux 20h L
g - » 80‘% « L
PhCH,Br Cly LIAH, PhCH,CH,Ph 84 .
. THF . : .
reflux 20h 82% :

These reactions probably brdceed via electron transfer from the metal to the allylic |
- halide.*¢
Chromous salts have been used catalytically in an electro hemical process (Scheme

12).%
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Scheme 12 :
‘J

e, R o+ §x |

R-R + X~
.

X=C\,Br

o

R=Aliyl, Benzy!
Yieids are as goo‘d as. or better than, those obtained with the CrCl,/LiAIH, reagent and the

process requires only a cagalytic amount of the chromium species.
The transition metal complexes Cr(CIO,),." V(Cp), ' Py,VCli,.*? (PPh,),CoCl.*

Fe(CO),,-pyNO complex,’ and Sml,** are also known to couple allylic and/or benzylic

halides. Cuprous chioride in DMSO performs a similar function.®
A complex generated by reaction of cuprous iodide with lithium dialkyl amides

couples allylic halides and affords mixtures of regioisomers. However, unlike other

procedures. this one is corhpletely stereospecific (Scheme 13).*"
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Schame 13

N
|
Li

/
: : R —Br
« -cm'
- 92%

~

Allylic organometallics can be coupled by oxidation hsing air or oxygen.* ”"Th‘e
presence offCoCI, offen favqurs formation of dienes.! The latter may be formed by
gjimerizatior: of allylic radicals produc}ed at some stage of the oxidation. The prbduct )
distribution.is markedly different from that observed when the coupling is performed over

magnesium (equations 5 and 66).

) ] O, ' (65)°°
AN /e o G OZ =

17 : 1



- elecrrochemncal means (equatnons 67 and 68:"

mn”'a\

m!‘

3

-

~__electrolysis L 83%
0% . 67,

PR A

56%

e NOT  electrolysis T h ’
: N - , :
[ ‘ W 68)

a

< N

- The: Iack of regiochemical and stereochemicalzcomrol exhibited by most of the,

. above reactnons and- tHie deslre to couple dlfferent allyhc umts encouraged attempts to
develop addmonal procedures ' B o

_ in one - such reactnon ‘a phosphomum ylide (derlved from one allylic halide) -is
: coupled wuth ‘another allyhc halide. The product is a phosphomum salt ‘which must be

reduced to the_ hydrocarbon (Scheme 14).7¢

"tss)« L

Allyhc and: benzyhc phosphomum salts can be coupled in low yield byl,



,"Scherﬁe Ja o o e :

; | ,_i.PPﬁ-'..v R/‘\/\;‘:’.

This reactvon preserves the posmon and geometry of the gouble bonds of both umts
Towards the same end, an allyhc hahde can be used to alkylate the amon dernved
from an allyl phenyl thioether 103107 “or an aIIyI aryl sulfone 108 109, Here a phenylthlo or

arylsulfone group must be removed to glve the 1 5- duene in favourable cases, the:

B posmon and geometry of the double bonds are preserved

: Regnocontrolled head to tail couphng has been accornplushed wrth allylic boron ‘ate’

N

PhCH=CHCH,Li -_-’—» PhCH—CHCH,BR, -

rfornplexes (equation 69).11¢

82% (89

i

R= nBu-

Srmular reg»ocontrol is observed when trualkylboranes are added to lnthnated allyl
sulfcdes equation 70).11 .

Y

S\/\ R | nBu,B :
. PN D S — S
1/\
LN S

o , ‘ N (70)
i - . 18%
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Completely ditferent: behavior is s'een- when’ cuprous iodide is added to the

’
{

' a!kylthloallyl mon (equauon 7 1) " The alkylatnon 1s Y to the sulfur and mvolves SN’ attack

4

.on the aIIyInc hahde

. . : -‘. ‘. o \

R NBr o

Cross coupl;ng has been accomphshed by-/in Sltu generatvon of a hthnated allyl

7u

©

anlon from an allyl mes:toate in the presence of an allylic hahde The products show allyhc

’(ransposmon of the anion portnon only (equatlon 72) SERIT

(72) .

\

All_;/h'c halides vand'va'cetates react with allylstananes in the presence of palladium and

2ing eatalysts (equations 73 and74). 114 ne :

‘ : THF AN

s"("a")' reflux 8h : 69% .

A ' Ph.PLPncuPdcn )\/\/\ f
M + N :( md/oer:Cl, B 'S Al



'[be reactnon |s thought to mvolve -1r aIIyI metal complexes and proceeds wuth'

mversnon etjhe stanane (Flgur S L e ,' : -
O T ;j\‘ - ~Fi‘9uhre‘-‘3‘: : | R
‘ “ - o k % ’/.._x— '; o

L2

Symmetrical couplings can also-be performed {equation. 75).11%

The c0uphng of. propargyhc compounds with allylrc substrates glves 1 S-enynes i

whnch can be partually reduced 1t01,5- d:enes A number of. procedures have beenf
‘ .-developed which generate 1 5 enynes na reg|o-' and stereochemaca"y spemﬂc manner-

'v(for example equamon 76111

. TMSC=CCH,Li "
' 50%




BIn RESULTS AND DISCUSSlON' :

°

AL exammed the response of allyhc halldes to Te: and found.that the reactlon can o

be used 10 prepare 1.5 drenes accordmg to equatnon 77.
R o 1

2&_,4»' T e, H one

¢ .

A varnety of allyhc chlorndes and bromndes were examlned and they generaly',
afforded good to excellent yceldJ of coupled products’ (Tabfe 1. ‘

Whole the reaction does requnre scrupulous attentnon to the exclusron of air, the'

e ,procedure is. simple to W The extremely air sensmve Te reagent ¥ is-most .

»convemently generated in .S/tu by a procedure analogous to that used for the preparation’ -
jof the correspondmg S2 ' and ‘S_e’: 1"" reagents; vOne_v ,s:‘mply m;ec_ts_ a commercial
- solution of Super Hydrides* onto a stirred 'portiOn of powdered vtellurium under an
: ,atmosphere of argon The metal dissolves over a percod of a few hours to glve a whnte

’suspensnon of .rthlum tellur:de (equatlon 78) . : ‘ . L

e + 2UEtBH —————> e + 2BEt, + M, (78)

A dioxane sdution*ofrtwo ‘rnotes of th.‘ ial»lylic h'a.lide' per' mole of fithium telluride is -

then added and the maxture is heated at reflux for the time specufaed in Table " - usually

1 h. Durmg thus pernod tellurnum metal is deposned The coupled products are then‘ :
isolated by‘ chromatography and drst;natnon. The progress of the reactuon can be veryy

app‘roxir‘nate_lyt monitored by ¢hin layer chromatography {TLC). - If the reactnon ‘is

in'complete a black streak appears on 'thel TLC plate; presumably. this is a result of

decomposmon of a tellurnum species durmg development of the chromatogram We '

established that the optumum relatlve molar proportnons of Super Hydride/ tellunum/ allyluc

halide is 2. 6:1: 2.

" «Some of these results have been pubhshed 5 '

~#*%This reagent may be prepared by a nimber of other procedures 113 or purchased
commercially.
wexfAldrich trademark fora 1'M solutnon of hthlum traethylborohydrnde In THF 124

"~35
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Footnotes to Table 1 a\ Unless mducated otherwnse reactuons were performed ina
mixture of THF: and dxoxane (ca 2:3 by volume) “and the solution was heated in-an oil bath
at 110°C. .

b! Yields refer to |solated products except where mdacatec otherw ise:
¢! Meso/d/ ratio of 1: 1 C NMR isolation). . :

di Meso and dt. -
.ei{16'+ 17)/15/14 ratuo of 1; 3930(NMR) :

f) Reaction run in THF .only. with an oil bath set at.80C. -

g VPC yieid.” .

" h) 18/19 ratio of 1.3:1(VPC).

1) 21/(22 + 23)ratio of 1.4:1 (VPC). :
" j) Meso and d7 isomers. ‘
" k) 28/27/29/24125/26 ratno of. 1.1.2. 1.7:3.53. 5 3 6 (determnned by a combmatnon of
“VPC and isolation).
. Mixture heated in a sealed tube at 160°C. '

“e .
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In addition to the ex:amples shown in Table 1 we also- attempted to couple

.3 chloro- 2- methyl 1 -propene:(31), -1 (chloromethyl) 4- ll-methylethe )-cyclohexene l32;"
and l -bromo-2- hexyne (33). While these hahdes all appeared to react completely w:th the
_tellurnum reagent (TLCY). extrus:on of tellurnum from thg resuﬂ'ant specoes was.very slow :
and attempts © isolate hydrocarbon products were unpromlsung In the case of
: lbromomethyl)benzene which’ behaved similarly under the standard reaction condmons
. the effect of usmg a hlgher reaction temperature was also examlned The reaction
' mlxture was heated for 3h |n a sealed tube at 160°C and some coupled product 30 (37 %)

‘ was obtamed

‘)\/m

31

/ -
32 ' :

As can be seen from the results m Table 1, the reactnon 18 nelther reguo-‘nor
: stereOSpecmc It proceeds with scramblmg of both the or:gmal position and geometry of
" the dOuble bonds (entrnes 5-11). Chlondes and bromides give similar _yields and similar
nsomer dlstrlbutlons lentrnes 1 and.2. 5 and 6). In the case of the geometrncally lsomer»c
J-bromo- 2 hexenes (entnes lO and 1ll similar ylelds ‘and ldentlcal isomer ratios were
obtained. o N R

All of th(g products were . ndentnfled spectroscoplcally although mduvndual '
;assugnments of meso and d/ stereochemistries were not made in most cases. For the
meso and d/ |somers of 2, 2 -blcyclohexényl (11) it wags possible’ to assign tentatnvely
relatnve stereochemnstry us:ng an argument that had been published for a similar problem ‘
with meso and dl/-2.2 -blcyclopentenyl (34).1% The dmstereousomers of the, latter showed

ldent'cal NMR spectra except for fine. splitting in the olefmnc regnon {Figure 4).
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Figure 4
. L
momet . WNMR
' ' s4e : jhk\
A J
. . ° . - . @
C ' . . : )

FﬁgureS* P o

-

rheso-34 L - a-3s

.

]

Sngmflcantly the olefinic splitting of one isomer (34b) resembled that of the partlal ot

hydrogenation pr oduct 35. The expettggd moﬁt favourable conformations of the meso and

d/ isomers of 34 are shown in Figure 5. T)‘te olefinic hydrogens of the:meso isomer in

~wh|ch the double bonds are on opposute sucfes of the molecule have an envuronment most

closely resembling that of the ‘olefinic hydrogens of the part:ally hydrogenated product 35.

On this basis, compound 34b was )udged to have meso stereochemlstry The isomer 34a

exh|bmng the Iarger olefinic splitting-was therefore formulated as the d/-isomer. ,
Exammatlon of the vinyl region of “the NMR spectra of the  separated .

dcastereousomers of 2,2 -brcyclohexenyl (11) shows similar “differences in olefinic

! splitting (anure 6). On this basis. we have assngned for the isomer of higher Rf. the c;/‘/
- configuration, and for the cornpound havmg lower Rf, the meso confnguratnon. it was n
) possible. to separate the dnastereorsomers of 2.2 bucycloheptenyl (12) and the separated

,”dxastereonsomers of 2.2 -bocyclooctenyl (13) did not show comparable dnfferences in the

S

——
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olefinic region ¢f their ‘spe’ctra.

Cn the ,?aée. of mesoj and /-3, 4-diphenyi-1, S5-hexadiene (16 and 17) it was

' . « ) .
possible- .to assign r'elative stereochemistry to the 'sepa'rated diastereisomers by

comparnson of their melting points with those reported for authentic samples prepared
mdependently in a stereochemically unambiguous tastion 13

- For the identification of compounds 24 to 28 which could not be completely
separated (see Experlmental) 1C NMR spectroscopy proved tQ be partlcularly useful. I:t L

was possnble to assagn the structures of these compounds from the close

. correspondence of their ”C NMR spectra with those calculated by emplrncal means

| (Table 2.
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. Table 2 Y ‘ y
C NMR_Chemical Shifts (8) for Compounds 24-29
Carbon ’ E ~ Observed and (Calculated)*
. | 2 4 [ 3 2 4 [ ]
10 < | Y
24 ' 25 ‘ 26 :
1 136 (13.9) 13.7 13.9 - S 14 3.9
2 227 - @27 290 22.7) 228 22.7)
3 388 @24 . 38 . 324 .+ 348 32,4
4 130.0° (131.9 _ 1306° 1310 . 131e na2e
5 1305° 1314 1300° (1314 1284 1299,
6 32.8 (30.00 T 328 130.0 64 342
7 328 - (30.0 ' 275 a0 - 439 (39.1)
8 1305° (1314 1300°  130.3 1431 483
9 . 300" (131.4) o 1284° 1303 , 38 s
10 34.8 (32.4) | 29.4 (26.4)- 383 (36.6
T1s 227 @27 ' 229° @229 202 20.2)
12 136 038 37 (13.9; 144 (14.4)

27 28 ,
1 136 03s) 138 0aa a2 nsy
2 22.9 22.7) 205 0.2 - 228 . - @227
3 29.4 (26.4) . 340 a2 295 264
a 1294 (1303 48.6 141.6) 130.5 (131,8)
5 1301 (1303 © 486 @16 - 128.0  (128.8
6 1275 (24.0) . 34.0 134.2) ' 3227 (28.2)
7 27.5 (24.0) 205. 2.2 - " 44.0 "139.1)
8 1301 (130.3) 13.8 4.4 - 1431 - (1453
9 1294 (1303 1418 11438 L M39 L Mas
10 294 264 » 1150 , . (176.3 366 36.6)
LA 229 22.7) | 141-8 1143.8 20.3 20.2)
12 '1-3.5 -« 1139 “ 115.0 11163 14.2 114.4)

a2 b - These assignments may be interchanged.

« - See Appendix for calculations.
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Mechanistic Coosrd;erations Using 3- bromocyclohexene as a test case. we- exammed
the role of trnethylborane in ‘the; reactron mixture. Using commerc:al lithium: telluride, the
-"couphng of 3- bromocyclohexene was performed both in the presence and absence of
| two equivalents of truethylborane The reactions gave similar yields (39% and 29%

respectuveiy) of 2.2 -bicyclohexeny! (1 1. The yields were lower than that for the reaction
' performed using Te’: prepared /in situ. This difference probably reflects the inferior.
duality of th’e commercial reagent which must undergo several transfer operations'(with
protectnon from air) before reacting with the hahde The commercial material'is also likely
to be in a different state of SUblelSlOl"\ than reagent generated /in situ. These
experiments serve to demonstrate that triethylborane in the reaction mixture has no
substantive effect on the coupiing.

A number of observations suggest a three steép mechanism for thls-‘couoling
reaction (Scheme 15). The first stage involves nuc!_eophilic displacement of bromide by
' telluride to give a biSaI|yric telluride. This then thermally extrudes tellurium to produce two
" allylic radicals, which recombme to giye the observed products.

A‘ conceivable a‘lternatilve .n:\echanisrn for this.reaction would involve an electron
transfer fron‘w Te! to the allyl’tr: halide to give a radical anior{ which wolld lose haiide and
thereby generate an'allylic radical (Scheme 16). This pathway would not mvolve an
_intermediate bisallylic tellurnde and was excluded on the basis of the following gxperiments
* which served to detect an intermediate. A solutnon of 3-bromocyclohexene in THF was'
added to a suspension of the Te- reagent at room temperature to afford a clear solution.
BC NMR analysus of this solution showed. in place of the diagnostically characteristic
signals (see Experimental) for 3-bromocycloh‘exene and 2. 2’-bicyclohexenyl (11), new
s‘ignalrs at 6125.8, 1125.9, 130.6 and 130.7. We attribute these to the sensitive bnsallyhc

telluride 36 (meso and d/ forms)

Te

36
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: ' , Scheme 15 ‘ .
’ wj‘ , - ‘ ; Te o '
' 2@-—&4-1’.’ — ©/\©
. .
‘ Te - ' »
O7Q == O
/ _ . n
O — OO
. . Scheme 16 -
<;>-Br + T — B + Ye : »%W
- _‘ =
— 4 B-
/ i | :
|
‘[ —
i .
i

in"a separate experimént, the same solution of allylic halide and Te* in THF was

kept at room temperature for 1 h (about twice the time period which had elapsed before

- »
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measuring the C NMR spectrum). diluted with dioxanes aan! refluxed for 1 h. The isolated
yield of 2,2‘-bn'cyclohexenyl (11) was 82%. Clearly, an initial reaction period at room
température* has no substantive effect on the course of the coupling reaction.

On the basis of this evidence. We conciude that bisallylic teliurides formed by ionic
dns;placement ‘of halide by telluride are mterméécates, and that the reaction does not
proceed. at least as a n'waloi‘ pathv;/ay, by electron transfer between Te* and the allylic
halide. The formation of a bisallylic telluride i1s also consistent with the observation 'that '
similar product yields and isomer ratios are obtained from allylic halides irrespective of ﬂ:\e
nature of'the halogen (entries 1 and 2, 5 and 6).

Thermat extrusion of tellurium from the propaosed intermediate could. in principle.
occur by two distinct’ pathways. The telluride could. decompose by homolytic

fragmentation to radicals, as described above, or alternatively the telluride could

decompose in a concerted, cheletropic fashion (Figure 7).

Figure 7

‘tv(‘To

We feel that our observations favour the radical pathway. D:recwpectroscoplc detem”‘

of radical intermediates would of course be the best evidence; however, attempts to

. observe such species by ESR failed. The solution in which the bisallylic teliuride 36 was

formed showed no ESR signé! either at room temperature or at 100°C. At the higher
terﬁperature, tetlurium was deposited.

Indirect evidence consister‘jt with the radical pathwayawas obtained from the
folliowing cross coupling experiment. Two THF solutions, one of 3-bromocyclohexene
and the Te'’ reagenf and one of 3-bromocycloheptene &nd the Te* Feagent, were
prepéred in the‘usual fashion and stirred at room temperature. Aliquots of each cleaf—
solution were mixed, \diluted with diéxane" and refluxed for 1 h. Isolation of "thé:

2,2'-bicycloalkenyls (67% after distilfatién, calculation based upon the size of aliquots

taken) gave material consisting of three resolvable (VPC) component‘s. in a ratio of

*In our preparative runs, we refiuxed the mixture soon after mixing the reagents.
**The proportion of dioxane was the same as in the preparative runs.

J

5

£}
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11 3 1% VPC MS served to identify the components  as 2,2 bncyclohexenyl (11,

3-(2- cyclohexenyl)cycloheptene and 2.2 bncycloheptenyl (12) respectnvely These reSuItSv

are clearly consistent wuth the presence of cyclohexeny! and cycloheptenyl radicals. The

" non-statistical ratno of products (expected rato 1:2: 1! can be explaxne.d as .a mixing

_phenomenon Two radlcals of the same vtype are formed inh the same region of space

w

-(from one molecule of busallyhc tellurlde) and thus have a greater than Statistical chance of"}
,recomblnung than do twg radlcals of d:fferent type (from dlfferent brsallyhc tellurndes)

‘Thns experiment 1s clearly’ consnstent wuthéa radical - mechanism, however it does not

exclude the pos&bﬂxty of Ingand exchar)ge b%}\nwen two dufferent symmetrncal bnsallyhc

tellurndes before the thermal extrusion of tellurium. -This stype of behavnor has been

pobserved durmg the thermal decomposition of tetraaryl tellurldes,’” Moput s

. unprecedented for diaiky! tellurudes. : ' T <

Further indirect evidence was also found in favour of a radical mechan:sm Aliylic

radlcals would be expected to give products re5u|t|ng from aliylic rearrangements This is

' arnply demonstrated &, entries 5-11. Mcreover, allyl»c radicals are known to undergo

geometrical isomerization fairly readily 710 and we observed that the geometncal!y
isomeric 1-bromo-2-hexenes (entries 10 and‘u') gave identical product mixtures.
However, it must be noted that isomerization of the double bond could occur, in principle.

also by a 1,3-tellura-shift (equation 79).

The stabnhty of an allylnc radscal arid hence its'ea‘se‘ of forntation sh0uld be
enhanced by substntuents partncularly those in the 1- and 3- posmons (Figure 8). Our
quahtatnve observatuons are that reactions »nvolvnng allyllc hahdes whrch woul’d_,gad— to
secondary-secondary (entngs 1-4 and 8) and prnmary tertnary (entry 9) radncals pryceed

more readuly (shorter reactuon times and hngher ,yields) than«those whnoh would mvolve

" primary- secondary (entries 10, 11 and éﬁloror%ethyl) a- (1-methylethenyl)-1-cyclo-
’ "hexene (32)) pr:m@( prnmarv (3- chloro 2-methyl- l-propene (31)), benzyl (entry 12, or

,\.
D e T L -L

" wRelative pea‘k areas. . )
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propargyl (1-bromo-2-hexyne (33)) radicals Also cases where especially stabnhzed
radncals would be formed (entries 5-7) undergo the reactnon very easrly '

The aliylic, benzyllc or propargyllc carbon*-hydrogen bond dxssoaatnon energies. of

Y

some. unsaturated hydrocarbons are shown in Table 3. If’ the same trend exnsts for

carbon telluraum bond dnssoc:atuon energnes then itis qualltatuvely similar to our observed s
order in-ease of reactnvuty of various substrates. \

. Table 3

) . :
Carbon- Hydrogen Bond Dlssocmtlon Energnes for Some Unsaturated Hydrocarbons

i

‘ Compound ) . BDE (kcal mol-!) . . - "Ref.
- ' -H o R .
= B 938=21.2 131

89+ 1 : T 132

P | = el

85+ 1 : 132
NN 83+ 1 132 ot
‘; ‘ : “ . . . . /_// .
OQ" ' _ - 823=1 . ‘ 133 S -
Y\/ L \ 77.2 * 1.5 . . 134
Further indirect evidence for radical intermediates comes from the similarity seen 9

in the product isomer ratnos from our tellurium couphng procedure and from @ther
.-
reactuons thought to proceed through raducal nntermedfates Conve?r\sely the product 3
ratnos seen in the telluriym couplmg reactnoﬁ are quute dcffergnt from those obtained from
<¢ ;

o
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: ‘'magnesium couplings, thought to proceed'via' a:cyclc. concerted mechanism (équatnons

.. 80,81 and 82
Pth >

[N
’

ref.

85
101

57

" ref. S e
-3

55

l99>¢

63

couph'ng Eﬁethod i ;':"rbc‘iuct ratio .
: 14:15:16, 17
Te: (X=8Br.Cl. -~ 493813
“ “electrochemical 52.48 - |
(X'= -PPh,NO, 1 " o
Mg X =clh 20.75.3-5
“coupling method . - product rat\o
& j === 1819 |
Te: (X = Ch ‘ 1301
oM=L LT
CMgiX=Bn . 07t
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o :
couphng?method S . productratio g ‘ref,‘ :
| 21:22:23 - "(,x
Te:: | BB42121:22423) 55
. .CrClV,l/LoAIH, | - 72.22:6 87
Mg s , C-major- . . 58

Sjnce allylic sulfides and selenides’** are known to undergo 1 ‘3-allylnc shifts, we‘
. brnefly examuned this aspect of allylic tellurude chemustry When (3- bromo- 1-propenyl),‘\
\ benzene was treated WIth a suspensaon of Li,Te, prepared from the approprnate
propomons of Super- Hydrnde and tellurium (see Experimental), an lmmedxate precnpltatuon
of tellurium occurred. After the usual reflu;( pernod {1 h). during which more tellurnurn was
deposned the coupled products 14- 17 were isolated (88 y|e|d: and found to be in the
same proportrons as the couplvngskuth Te?!. Thus experiment is‘consistent with radncal
path a (Sche‘me 17) and also-with path b involving 1 . 3-allylic shifts. For convenience the
incursion of 1, 3- aHylnc shifts is shown only at stage b but can in prnncnple occur at an
earher stage. Samnlarly SN’ reactnons ‘while conceivable, are not s%wn

A few addmonal comments o i echannstrc nature are in order For the c0uphng :
react»on to occur under the comparatlvely mdd condmons of thns procedure both carbon-
tellurium bonde should be allylic. This requnrement is demonstrated by the observatuons-
that (2- propenyltenuro)benzene (37) is a, dnstrllable liquid (bp 62°C 0.3 mm).¢ and the
'tellurnde 8 m which both allylic carbon- tellurnum bonds are not coplanar wuth the T bonds

‘requrres 3 ‘high tem‘perature (1 75°C) for extru5|on of tellurnum (equation 45)

-~

WT. :

Our reaction does proceed in refluxing THF, but gives more. reproducible results if a
THE-dioxane mixture is used. This is presumably a consequence of the higher reflux

temperature.
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Finally, this reaction demonstrates a fproperfy of tellurium not shared, at least in
adequate degree, by selenium. A comparable experiment using 3-bromocyciohexene and-

Se* gave only selenide 38, as a mixture of diastereoisomers with less than 2% (VPC) of the -

&



Furthermore. the selennum analogue of compound 8 decomposes’ slowly at 200°C to

o-xylene and ethylbenzene (equation 83). 13 L e
CH,CH,

,(837

An exampie of the thermal extrusaon of selenium to - give bibénzyl produc‘ts is
_ shown in equat:on 84 .13 This, however does not seem to be a generally useful process

for the couplcng of allyhc and benzylic halides.

(84)

The greater ease of extrusion of tellurium from bisallylic or bisbenzylic tellurides -

-1“.

when compared wnth selemum is not surprnsnng in hght of the known trend of decreasmg

bond strength as one descends a parncular group in the peruoduc table (T able 4).

'
L)

Q



Bénd

Cc-0
c-s
‘C-Se
“C-Te

Bond Strengths for Carbon Bonded to Sor'ne Group V! Elements

'kcal mol.' '

85-91
69 -
59
(54)*

* Calculated using Pauling eguation.'*

x

T

Ref.

139
140
140

E
1

Conclusions. The procedure.decribed herein represents a-new method for coup’hh”gﬁ_'_

allylic halides. The reaction appears to proceed via bisallylic. tellurides which decompose -

o ~ thermally into allylic radicals. These then' dimerize. The reaction ge'nyerauy gives good to

. ‘ ' excellent yields of coupled products and represents a new aspect of thé use of tellurium

. in organic synthesis.

v

\
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. .EXPERIMENTAL

General Except where stated to the contrary the followung partnculars apply Al
expernments were performed under a shght static pressure of argon All apparatus was
oven dried overnlght (120°C) and cooled™in a desiccator over Drierite] Solvents fo'r'
chromatography were distilled before use Solvents for reactions were drled by
'dlstlllatlon from a suutable drylng agent under nltrogen and werg. transferred by oven drled

syrunges " The stlrrmg of reactlon mlxtures was accomplished by the use of Teflon coated

) magnetic stnrrmg bars Durmg product lsolatlon solutions were dried (where necessary)-

with anhydrous magnesnum sulfate and evaporated under water aspirator vacuum at room

te?nperature I those cases ‘where compounds were lsolated simply -by evaporatlon of

the:r solutions (and not also by subsequent distillation) the residues were kept under oil

pump . vacuum and checked for constancy cf wenght. Isolated products were submltted

durectly for combustlon analysis, wuthout Jheed for further purification. Melting pomts_

(mp) were determmed on a Kofler block meltlng point apparatus and are uncorrected
Botling points (bpl reported for products dlstllled in a Kugelrohr apparatus refer to the
oven temperature Commercual thin layer chromatography (TLCY plates (silica gel Merck
GOF 254) were used Plates |mpregnated with silver nitrate were prepared from Merck
smca gel B0PF-254. Forvsuch plates. the % silver nitrate refers to (weight of AgNO,)/
{weight of.'silica gel). For TLC, UV active Spots were detected at 254'nm Other -spots
were detected using iodine or by spraymg the plate with 8 N sulfurnc acid in methanol
followed by charring on a hot plate Silica gel for column chromatography was Merck
» type 60 (70 230 mesh). All vapour phase chromatographlc (VPC) analyses were
performed on a Hewlett-Packard 5830A gas - chromatograph equlpped ‘with -an FID
detector using pre-packed Hewilett-Packard 6ft x 1/8 in o.d. stainless steel analytical

columns, with nitrogen as the carrier gas. The column used for these analyses was 10%

W/ W Aprezon L, 2% KOH on acid washed Chromosorb W (80- 100 mesh) at temperatures '

between 90 and 200°C. For yields evaluated by VPC, an mternal standard was used and
responseact'ors compared to-the standard were calculated for each component in the

mixture to be analysed. Infrared (IR) spectra were recorded with a Perkin-Elmer model

52



297 spectrophorometer. Liq'uids and oils in general were run as neat films on sodlurp
chloride plates. Sohds yvere run as solutions In the given solvent using 0.5 mm sodium
chlorrde solut»on cells. Only dsaonostically sugnzficant peaks are reported. ?’roton nuclear
magne“nc resonance (NMR) spectra were recorded with Bruker WF-80 (at 80 MHz). Varian
HA=100. (at 1OO MHz) Bruker WP 200 iat 200 MHz) or Bruker WP-400 (at 400 MHz) |
spectrometers in the specrfued deuterated solvem with tetramethy|snlane as an.internat
standard. Carbon-13 nuclear magneuc resonance (”C NMR) spectra were recorded wuthk.
Bruker WP-60 (at 15.08 MHz:, Bruker HFX- 90 (at 22.6 MHzI, Bruker WH-200 (at 50. 32
~MHz) and Bruker WH-400 (at 100.64 MH2! spectrometers usmg deuternochloroform as an
mternal standard. The following abbreviations are used. with respect to NMR spectra s =
singlet, d = dOublet t= t'rplet Qq = quartet. p = qu:ntet, m = multiplet. br ="broad. Mass
spectra (MS» were recorded with an A.E.l model MS 8. MS 12, or MS 50 m'ess
spectrometer. Macroana'yses were performed:- by’ the m|croanalyt:ca| laboratory of thrs

department. ' .

Materials Dry. droxane ether .'and tet'rahydrofuran (THF) were'drstilled immediately
'before use from soduum and benzophenone ketyl Dry terr-outyl alcohol was distilled
immediately before use from calcium hydride.’ Commercnal (Aldrich) n-butyliithium i
hexane and methylluthnum in ether were tltrated before use by the dnphenylacetuc acid
method.!* Super- Hydndem was purchased as a 1 M solution in THF and used at the stated
concentratnon Hexamethylphosphorlc triamide (HMPA) was distilled from calcium hydrade
under reduced pressure (0.1 mmj. 4- Methylbenzenesulfonyl chloride was purified before
use by a literature procedurel 143 Lithium chlornde was dried by heatmg at 100°C under oil
'pumpacuum overmght Commercial (Alfa) Ivthnum telluride was stored under argon in the
dark and was transterred to reacti‘o‘ln Vessels“in 5 glove bag under argon. The following
allyli_c ‘halides were prepared by the procedures given' in the .literat'ure' cited 3-bromo-
cyclohexene !t  3-bromocycioheptene, ' 3 bromocyclooctene 144 3-chiorocyclo-
.'hexene 145 (3-bromo- 1 propenyl)benzene 14¢ (3-chloro-1 propenyl)benzene W E)-5- chloro-
1.3-pentadiene, '*! (E)- 4-chloro-2- pentene,'“ 1 bromo 3- methyl 2-butene '*® and’ ; 1-.
bromo-2-hexyne (33).)$! (£}-1-Bromo-2-hexene was prepared from commercial {Aldrich)

(E)}hex-2-en-'1-ol by a literature procedure.'* (Z)- 1-Bromo-2-hexene was prepared by the

-
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same procedure 157 from (Z)-hex-2-en-1-o0l.'% (Bromomethyllbenzene and 3- chloro- 2-

methyl 1-propene (31) were commercial (Aldrich) samples All allylic halides were stored

at 0°C and freshly dlstille_d just befere use.

s

Preparation of the Tellurium Reagent, Te: . The apparatus consisted of a 25 mL round

" bottomed flask to Wthh were fused a condenser and side arm. The flask contained a

Teflon coated magnetic stirring bar and the condenser was connected via a vacuum take-

off toa vacuum/argon line. The side arm was closed usung a rubber septum or, for those

4 reactlons Wthh requuredlong'peraods of reflux (greater than 3'h). a stopcock fitted with a
rubber septum. The apparatus was oven dried overnlght (120¢CY. assembled hot charged
|mmedlately w:th commercial telluruum powder (ca. 200 mesh) (255 mg 2.00 mmol) and
.evat.uated {oil pump) while being allowed to cool. The apparatus was then filled with

argon and purged o‘f air by three cycles of o;l pump evacuation and refiling wnth argon

Super Hydrlde (1M, 5.2mL, 5.2 ‘mmoll was then added by 'syringe and the mlxture was '

stlrred at room temperature for 5-7 h.* during which time a gas was evolved and the
tellurium powder dissolved. The mixture became purple and then slowly faded to a' very
pale pink or off white su5pen5lo_n. At this point, the réagent was ready for use. ln those
cases where it was let stand for longer periods, even under a positive pressure of argon,
the reagent deteriorated. a erlmson colour developed,' and lower yields of coupled
products were obtained. A v

Although this procedure has been described for. a 2 00 mmol scale, lt has also

been used successfully to generate 1.00 mmol and 4.00 mmol batches of the tellurium

reagent. . . '

Coupling of 3-Bromocyc|ohe>tene. 3-Bromocycloffexene (322 mg. 2.00 mmol) in dry
dioxane (2.0 mL plus/2.0 mL rlnse) was added by syringe to the tellurium reagent (1.00
mmol), prepared as described above. The mixturie was lowered into an Oll bath pre- heated
to 110°C and refluxed for i h.. At this pojnt, TLC (silica, hexane) analysis of the reaction

mixture showed no further streaklng of tellurium on the plate and so the reaction was
*The length of time reqwred for preparation of the Te’ reagent could be shortened
considerably by heating the mixture at reflux. In one experiment, the reagent was
prepared in 45 minutes and gave completely satisfactory resuits in the coupling of 3-
bromocyclohexene. ‘ _ _ , :
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judged to be complete. The mixture was then cooled to room t“‘empera'ture"and fulterled
with the aid of CH.Ci, (ca 100 mL) through a pad (2 x 2.5V cmi of Celite. The filtrate was
concentrated to an ol and bartutaoned between CH:CI; (50 mLs and water (.‘50' mL!. The
aqueous phasé was back-extracted W|‘th_ CH,Cl, (2 x 25 ml) and the cxlbmed organic
extracts were dr:ed and conc'entratea to an oil. Chromatography over sikca gel (60 x 1
cmi usmg hexane followed bv Kugelrohr distiliation (110°C. 15 mm) gave 11‘;/1 40 mg.
86%! as an apparently homogeneous (TLC, silica. hexane' oil of greater than 96% purity
IVPC! NMR (CDCI,. 100 MHzl § 1.10-2.33 (m. 14H). 5.40-5.86 (m 4H). “C NVR (CDCI.
22.6 MHz) 0223 255 26.1, 40.2. 127.7. 128.0 130.5. 1307 exact mass. m'e
162.1406 (calcd for Cy;H,. m- e 162.1408). -
Examination -of the material by TLC lgahca gel nmpregnated with 5% AgNO. 31
hexane-ethy! acetate) resolved the two dnastere0|someruc components. Chromatography
of a portion-of the mixture {127 mgi over silica gel nmpregnated with 5% AgNO, (60 x 1’

T——

ch) using 4 1 hexane-ethyl acetate. gave the faster moving diastereoisomer (57 mg. 46%

recovery!| and the slower moving dnastereo:s’omer (56 mg. 45% recovery). The more
mobile material had NMR (COCI.. 100 Hz) 0 1.06-2.42 (M. 14H), 5.40-5.92 (m, 4H), :C

,NMQ (coel,, 22 6 MHz, 0 224, 255 26.1, 40.2. 128.0, 130.7. exact mass. m/e,
162.1407 (caled for C;;H,,. m'e 162.1408). The slower. moving:compound Had NMR
{CDCI.. 100 MHz»_,«S 1.08-2.35 (m, 14H), 5.40-5.88 (m. 4H); >C NMR (CDCl,, 22.6 MHz) &
222,254 26.1,40.1, 127.7. 130.4; exact mass, m/e 162.1413 (calcd for C,,H,, m/e

A‘l .1408i
62.1408 "

@

Coupl_ing of 3-Ch|ofocyc|ohexene. The procedure for 3-bromocyclohexene was
followed exactly, using ‘3—chlorocyclohexene {234 mg. 2.00 mmol) to give the same

diastereorsomeric mixture 11 (133 mg. 81%) of greater than 98% purity (VPC).

Coupling of 3-Bromocycloheptene. The procedure for 3-bromocyclohexene '.was
foilowed exactly. usi?wg'3—bromoc'ycloheptene (350 mg. 2.00 mmol) to give, after
chromatography over silica gel (60 x 1 cmj using hexane and Kugélrohr distillation (165°C,
15 mm). 12!** (165 mg. 86%) as an apparently homogeneous (TLC, silica, hexane) oil of

greater than 88% purity (VPC). Examination of the product by TLC (silica gél impregnated’
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with 5% AgNO.. 3 1 hexane-ethyl acetate) partially resolved the two. diastereoisomers.

The mixture had NMR (CDCI. 100 MHz) § 1.00-2.47(m. 18H) 5.42-5.97 (m 4H. ''C

NMB (CDCI. 226 MHz & 27.0. 28.8. 30.6, 31.0. 31.3, 315 455 46.0. 1315
1318 136.3 136.6. esdct mass. m’e 190.172f.(calcd for C,H, mie 190.1721.

PR e

Coup'ling of BBromocyclooctene The procedure for 3-bromocyc|ohexene was

4,\\

followed exau.tly using 3- bro&\@cyclooctene (379 mg. 2.00 mmoll to, give, after
chromatography over silica gel (60 x 1 cm? usmg hexane and Kugelrohr distillation (TBO“C

15 mm, 131 (179 mg 81% as an apparently homogeneous (TLC. snhca hexane) oil of

 greater than 97% purity (VPCI NMR (CDCI,. 100 MHz) 6 0.86-2.67 (m 22H). 5.14-5.86

(m. 4H: C NMR (CDCI,. 22.6 MHz) 0 26.0, 26.8. 272 29.6. 29.8. 34.3. 408 41.1,
129.3 128.4, 133.3. 134.5. exact mass. m/e 218.2037 (calcd for C”Hw, m:e
218.2034). : S E g S .

’Examinat‘:on of the material by TLC (silica gel. impregnated with 5% A.gNOv\, 31
‘hexane-ethy! az_'ezate)‘ resolved the two di,é'stefgotsomerlc co’r/hponents.‘ Chromatography
of a portion of the mixture (107 mg! over sii_ica ge! impregnated with 5% AgNO, (60 x 1

cm) using 3 1 hexane-ethyl acetate ga r Kugelrohr distillation (180¢C. 15 mm). the

faster moving isomer (52 mg, 49% re ‘ as a'white solid (mp 53-56°C) and the slower

 moving isomer (51 mg, 48% recovery) as a viSoous oil of greater than 96% purity (VPC).

The former had NMR (CDC,. 100 MHz) & 0.72-2.72 (m. 22H), 5.08-5.92 (m. 4H). *C

NMR (CDCl;. 22.6 MHz) 0 26.0, 26.8, 27.2. 29.8, 34.3, 41.1, 129.2, 134.4; exact
_ méssf m/e 218.2036 (calcd for C, H,,. m/e 218.26?;4). The latter had: NMR (CDCI;, 100
: MH‘z) 5 0.76-2.80 (m, 22H), 5.08-5.90(m, 4H)‘~ 13C NMR (CDCl,, 22.6 MHz) § 25.9, 26.8,
- 27.2, 29 6. 34.3, 40. 7 129 4, 133 3; exact mass, m/e 218.2038 (calcd for Q,,Hu, m/e

218, 2034) :

Coupl‘ing of (3- Bromo 1-propenyllbenzene. The procedore for S-oromocyclohéxene
was followed exactly, usmg {3-bromo-1 propenyl)benzene {384 mg, 2.00 mmol) to gnve
after chromsatography over smca gel (60 x 1 cm) using 991 hexane ethyl /cetate a
: mlxture of 14,126 15 12¢ 16 128 and 17'% {215 mg. 91%) as an apparently homogeneous (TLC,

silica, 95:5 hexane-ethyl acetate) oily, white solid. Examination of the produc_f by TLC

i "
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(siica gel impregnated w;th 5% AgNO. 3.1 hexanefethyl acetatel indicated a mixture of
four isomers. An 'H NMR spectrum (40(‘)' MHz) of the isomer mixturé indicated that the
products were present in the relative proportions (16 and 17) 15:14..1.3.9 3.0,

A ;aortnon of the mixture (211 mg) was crysiétli'zedofrOm hexane to afford a sample
of 14 (28 mg. .gﬁe material from the mother liquors was then-chromatographed, over
siica gel mpregnated with 5¢ ‘AgNO; 1100 x 2 cm) using 5 1 hexane—ethyl acetate to give
a further portion of 14 (44 mg) The combined samples of 14 {72 mg. 34% recoverw
were, recystallrzed twice from hexane [mp 77.5-79°C (ht”* mp 79.0-79.5¢C)l. The

chromatography also afforded 15 (77 mg. 36% recovery) as an oil, 16 (13 mg. 6%

. recovery) as a white solid 1mp 77.5-86.5°C) after recrystalhzatron from hexane (ht.*? mp

86-87C) and 17 (8 mg, 4% recovery) as an oil (L1 mp 35-35. 2“C) Compound 14 had
NMR (CDCl,. 100 MHz) 6 2.16-2.58 (m, 4H), 6.04- 6.60 (m, 4H), 6.92-7.52 (m, 10H): »C

NMR (CDCl,. 50.32 MHz) & 32.9. 126.0, 126.9. 128.5, 2129.9, 130.4,"'1.37,7, exact,

mas%, m/e 234.1411 {calcd for‘C Hie.m/e 234.1408). Compound 15 had: NMR (CDCl,,
100 MHz) & 2.49-2.79 (m. 2H), 3.26-3.58 (m, 1H),- 4895 19(m 2H), 580650 m,

3H). 6.80-7.60 Im, 10H); ”C NMR (CDCI,, 50.32 MHZ) 0 39.0, 50.0. 1146, 126.0,_

126.3, 126.9. 127.7. 128.4, 131.4, 137.7, 141.4, 143.7. exact mass, m/e 234.1412

~ lcaled for Cy4H;;, m/e 234.1408. Compound 16 had: NMR (CDCI,, 100 MHz] 6%3.57-.

; 7,2% 6»83"- 422 (g, 1OH);

y\

1?’4(5 5, *1&2“«6,;,, exact

4 ﬁom 1 R
o 08 pound ih%d NMF%CDC 100 MHz)

‘&

NMR (coo 50 32 %vn-nﬂ 6“ b5

A

Couplmg of ‘%3 Chloro 1}:wropenyi)bén2ene '_ for (3-bromo-1-

followq,d Aexacttyx psmg (3-chloro 1 propenyr)benzene (306 mg

' 'samé H NW 400 MHzl lsomer mrxture of 14, 15, 16 and 17 (219

ESEAN

LAD

3.74 im. 2H), 4.65-4.98, m, 4H) 5.66:6.06 (m, 2H., 7.00-7.44 (m. 10H) 15C NMR (cDCl,,

,1284 1287 14;%2 142.7; exact mass, m/e-
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Coupling of (£)-5-Chloro-1, 3-ponndiuno (£1)-5-Chloro-1. 3-pentadiene (205 mg 2. OO

mmol) in dry THF (2.0 mL plus 2.0 mL rinsel was added by syringe to the tellunum rengent

(1.00 mmol prepared 8s described previously. The mixture was lowered mto an oil bath
pre-heated to 80'C and refluxed for 1™ At this point, TLE (silica hexane) analysis of the

reaction mixture showed no further streaking of tellurium on the plate and so the reaction

was judged to be complete. Analysis of the solution by VPC showed a mixture of 181

(62 mg. 46°%) and 19'** (48 mg 36%).:

To 1solate samples of each tsomer for characterization, the reaction was repeated
on a larger scale (4.00 mmol of the teI‘lurium reagent). After being refluxed for 1 h. the
reaction mixture was cooled to room temperature, and filtered with the aid of CH,CI, (ca.
100 mLi through a pad (2 x 2.5 cm) of Celite. The filtrate was concentrated by distillation
at atmospheric pressure through a Vigreux column (12 cm) to ca. 25 mbL and was mixed
with water (50 mL) and extracted with pentane (3 x 50 mL). The combined ofgamc
extracts were drued and concentrated Vugreux column, 1 atmosphere) to a volume of ca.

2 mL. Chromatography over silica gel (30 x 1 cmj using pentane, concentration (Vigreux

column, 1 atmosphere) and further chromatography o flqa gel impregnated with

AgNO; (30 'x 1 cm) using 3:2 pentane-ether effecﬁ‘dreseparatlon of 18 and 19
Concentration (V:greux column, 1 atmosphere) and e distillation (100°C, 500 mm)
gave homogeneous { TLC silica, hexane; TLC, silica gelamoregnated with 5% AgNO,; ether)
samplfs of 18, of greater than 94% purity (VPC)-and 19, of grea,ter than 93% purity (VPC),
the major contaminant in the Iatter“bein‘g 18 (4%). Comoound 18 had: NMR (CDCl,, 100
MHz) 6 2.02-2.40 (m, 4H), 4.81-5.30 (m, 4H), 5.53-6.74 {m, 6H); 3C NMR (CDCl,. 22.6
MHz) 6 32.2, 115.0, 131.5, 134._2, 137.2; exact mass. m/e 134.1095 (calcd for C,H,..
m/e 134.1096). Compound 19 had: NMR (cDct,, 1OOYMHz) 0 2.10-2.45 (m, 2H), 2.63-
© 3.00 (m, TH), 4.86-5.28 (m‘,.6H),5‘.46-6.54_\(m, BH) 13C NMR'(CDCI,, 22.6 MHz) 6 37.6,
47.6, 114.7, 1158.2, 132.5, 137.1. 140.4; exact mass, m/e 134.1087 {calcd for C,,H,..
m/e 134.1096). T o .

w '

Coupling of (£)-4-Chloro-2-pentene. (E)-4-Ch|oro—2;penten'e* (419 m#, 4.00 mmol) in
dry dioxane (4.0 mL plus 4.0 mL rinse) was added by syrunge to the telluruunﬁ reagent (2. OO

*This compound contained ca. 10% of the other double bond isomer, as estlmated by *C
"NMR spectroscopy. , ¢

4

*



' mmoll prepared as described prevrously The mnxture was lowered lnto an onI bath. pre-.

““heated to 110°C and refluxed for 1 h. Analysxs of the solution by VPC showed ‘the
presence of 201 (228'mg 82%). ’
In order to isolate.a sample of the product. the reaction was repeated exactly as

above. After being refluxed for 1°h. the mixture was cooled to room temperature and

filtered_wi'th the aid of CH.Cl, (ca. 100 mL} through a pad (2 x 2.5 cm of Celite. The:

filtrate was concentrated by distillation at atmospheric pressure through a Vigreux column
(12 cmi'to qa. 5 mlL and partitioned between pentane (50 mL) and water (50 mL). The
aqueous phase was washed with pentane (2 x 25 'mL) and the combined pentane extracts
- were dried an_d ooncentrated‘ (Vigreux column, 1 atmosphere) fo an oil. - Chromatography
over ellioa gel“.(GO.'xv 1, cm) using pentane. concentratlon {(Vigreux column, 1 atmosphere)

and Kugelrohr distiliation (70°C, 12 mm) gave 20!** as an apparently homogeneous _TLC

silica, shexane) oil of greater than 88% purity (VPC . Analysrs af the product bb}TLC (\s;mcai ‘

gel impregnated with 5% AgNO,. 3.1 hexane-ethyl acetatelvmdlcated a mixture of at least

three isomers. The product had. IR (film) 865 cm*! (strong}, 720 em-(weak):, NMR (CDCI;,

100 MHz) 8 0. 72 1.14 im, 6H), 1.47-2.54 (m, 8H). 5.03-5.62 (m, 4H); °C NMR (cDCl,.
¢2<6MHz 5 13.1. 175 18.0. 18.3, 18.6. 36.5, 41.9, 42.4, 42.8, 1225, 122.8,
wfn 123.9, 134.9, 135.1, 1360 exact mass, m/e 138.1408 (calcd for Cihu. m/e
138.1408).. : . -/

‘Coupling of l-Bromo-3-methyl-2-butene _ 1-Bromo-3-methyl;2-butene (596 mg. 4.00
mmolj in dry dioxane (2.0 mL plus 2.0 mL rlnse) was added by syringe to the tellurium
reagent (2. OO mmol) prepared as descrnbed previously. The mrxture was lowered into an
-oil bath, pre-heated to 1 10°C, ‘and refluxed for 3 h.* Analysis of the solution by VPC
‘showed a mixture of 21”5 (120 mg, 43%) and 22'*¢ plus 23'** (83 mg, 30%). »

‘In order 1o rsolate samples of each isomer for |dent|fncatron the reaction was

repeated on-a Iar’ger scale (4.00 mmol of the tellurium reagent) After being. refluxed for

3 h, the mixture was cooled to room temperature and fultered witk the aid of CH,CI, (ca.

Al ,
- 150 mL) through a pad (2 x 2.5 cm) of Celite, The filtrate was concentrated by distillation

|
at atmosphernc pressule through a Vigreux column {12 cmj to ca. 50 mL and partmoned

*Analysis of the reaction mixture by TLC (sullca hexane) after 1 and 2 h, stlll showed ' -
streaking of tellurjum c}ln the plate. A

i
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between water (250 mL} and pentane (4 x 75 mL). ‘THe combined pentane extracts were

dried and concentraied (Vigreux column, 1 atmosphere ) to ca. 2 mL. Chromatography-

over silica.gel 60 x 1 cm) us;ng pentane and concentratuon (V|greux column. 1

- @

jere) gave an oil, which was c@romatographed over silica gel mpregnated with 5%

- ‘phere) and Kugelrohr d|stﬂlat:on (120°C. 90 mm). gave homogeneous TLC. silica,

.. hexane; TLC silica gel smpregnated with 5/0 AgNO 9 1 pentane ether) samples of 21

(100% pure by VPC), 22 (greater than 98 pure by VPE) and 23 | ‘l(ﬁ pure by VPC)

’ Compound 21 had: NNIR (CDCI3 100 MHz) 5 1.81 (s 6H; 1.69 (s 6H), 186 2.12 (m, 4H)

4975 28 (m, 2H); BC NMR (CDCl 226MHZ) o 17.7. 257 28.4, 124.5, 131.5; exact‘

mass, m/e 138. 1408 {calcd for C,.,H,, m/‘e 138. 1408) Compound 22 ’had- NMR (CDCI,.

1OOMH2)5099(S 6HI 1.681 (s, 3H) 1.73 (d, J—14Hz 3H), 198(d J=7.4Hz 2H),

,4.78-5,02 {m, 2H), 5.14 tm, J = 7.4, 1.4 Hz, 1H), 5.66-6.02 (m, 1H): 15C. NNIR (CDC!3

'22.6 MHz) § 17.9, 25.9, 26.5, 37.4, 40.8, 110.0, 121.2, 132.8, 148.7; exact rhass,
‘m/e 138. 1409 (calcd for C,m iy m/e /1 38.1408). Compound 23 had-NMR (CDCl,, 100
- MHz) & 0.99 (s, 12H). 4.785, 06 (m. 4H) 5.78-6.14 (m, 2H); B3C NMR (cDCl,. .22.6 MHz)

& 225, 41.3. 111.7, 146.2; exaf:t mass, m/e 138.1405 (calcd for CyHy,. m/€

138.1408). ; R

2

Coupl"i'ng of (£)-1- Bromo-z-hexen’F The procedure for 3- bromocyc1ohexene was

N

followed using (£)- 1-bromo- 2- hex%ne* {327 mg."2.00 mmol) and a reﬂux period of 21
e - Chromatography over silica gpl {60 x 1 cm) using hexane and Kugelrohr distillation

100°C 13 mm)] gave an apparenjy homogeneous (TLC, s:luca hexane) oil (100 mg. 60%

judged to be a mleure of isomers by VPC (three peaks 5.94% 39.49% and 54.2;3 AT

TLC"(s_iI'ica'gelk impregnated with 5% AgNO,, 9:1 hexane-ethy! acetate).resolved four

DR

components

To obtain a sample of each component for characternzatlon the reaction was

repeated on a larger scale (4.00 mmol of the tellurlum reagent). ‘Chromatography over

*This compound contained ca. 10%'of the other double bond isomer, as estlmated by ”C
‘NMR spectroscopy.
~#Even after 21 h atreflux, some streakmg of tellurium was notlced when the reactnon

mikture was analysed by TLC (silica, hexane). Furthermore, when the reaction mixture was .

s chromatographed some tellurium was depossted as thie mixture moved down the column.

S

-3

4

s
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B0 x1 cm) using 9.1 pentane-ether Concentratuon (Vngreux column, 1 '



’ f.or CpH;, e 166.1721).
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sihica gel (B0 x- 1 cm) using hexane. afforded a homogeneou's (TLC, silica. hexane) clear,

s co)0urless oil 433 mg. 65%) Chromatography of this: isomer mixture over sihica gel

mpregnated'with 5% AgNO. | twuce 70 X 2 cmiusing 19 1 hexane -ethyl acetate. once (70

X.2 cmiusing 97.3 hexane ethy!. acetate and once (30 x O 5 cmi usmg 97 3 hexane ethy!

acetate] gave four fract)ons wh)ch were each rechromatographed over smca gel(15'x 1.5

. cm' using hexane Kugelrohr - distillation of each fraction - gave material that was

'hom’ogeneous by TLC (silrca,yhexa‘ne silica gel (rnpregnated.wnth 8% AgNO,. 8 1 hexane-

_ethy)acetate) S - \ . e L

The (east polar fract)or (59 1mg. 13% recovery. bp 120 C 20 mm) was 24! of

greaten than_97‘)° purity {VPC) .and had" IR (film) 97Q cmt (stro\ng), NMR (CDCl; . TOUMHZ‘
8 0.89.1t, J =7 Hz &M 117158 m. 4H), 1.80-2.16 (m 8H) 5.30-5.51 Im 4r: :iC
NVR (CDCI,, 22.6 MHz) 6 13.6. 22.7. 32.8. 34.7, )30,0;..130.5, e.xa_ct mass, m'e
166.1723 (calcd for C,H,,. m/e 166.1721). \ Cw . A\'

The second fastest fraction (61.8mg. 14% recovery bp 13Q°C. 20 mrh) was 2514
of greater than 92% purity VPC) and had IR (film) 970 cm-! (strong) 720 cm! (weak),

 NMR (CDCI;, 100 MHz) 5 0. 85 and\® 86 (2 overlapp)ng rlp)ets J =7 Hz 6H. 1. 13 1.56

‘tm, 4H) 1.78-2.20 (m. 8H) 5.22-5.46 (m 4H) B3C NMR (CDCI 22.6 MHz) 5 1&3 7 22.7.
229 27.5;29.4, 32.8, 34.8, 129..4 130.0: )30 6 exact mass m/e: 166 1720 (calcd

~ The third fastest fractlon-(87 5 mg. 20% recovery, bp 130°C 20 mm) was made ‘ ,.

up of three components as judged by VPC: 26 (66.48 %, 2715 (23. )4/0) and 28 (10. 06/0

The mixture had® (R (f:lm) 1000 cm’ ! (moderate) 970tem: (strong) 815 cm- ! {strong), 745

ﬂ‘ (Weak) NMR' (CDCl,, 100 MHz) 6 0.73- ) 04 (m, 5.8H)," 1.08-1. 59 (m, 5.8H). 1.78-

2. 20 (m.. 5. 4H) 4. 77-5.07. {m, 1.8H), 5.26- 5 79 (m, 3.2H); 13C NMR (CDCI 22 6 MHz)
“displayed signals: correspondlng to 26 at 6 14.1,20.2, 22.8, 34 8. 36.4.. 38 3 43, 9
113.8,128.4,431.6,.143.1; signals correspondmg to 27 at 6 13.6, 229 27.5, 29.4,

‘ 1294 130.1; and signals correspondnng to 28 at 0 138 205 340 486 115.0.-

141 .8; the mlxture had exact mass, m/e 166. 1721 {calcd for Ci,Hp. m/e 166.1721).

The most pcilar fraction (35.4 mg 8% recovery bp )35°C 20 mm) was made up

of two component§ as Judged by VPC: 29 (78.48%) and 28 (21.05%). This mixture had IR

T (film) 995 cm-! {rh derate) 915 em! (strong) “745 cm} (very weak); NMR (CDCi,, 100 ‘

»



’ ' ' d . . ‘lm’“ ‘ y
MHz) 8 0.78-1.04 im. 5.3H 1.15°1.62 im. 6.8H 1.85°2,30 (m, 4,6H. 4°60-5.14 m

2:3H) 5.36-5.82 m. 2.#‘9Hl BC NMIR (CDCI, 22.6 MHz' displayed signals correspondingto

293t § 14.2 20.3 22.9 295 32.7.°36.6. 44.0 113.9 1280 130.6..143 1 anc
agnalscorrespondxng fo 28 at .0 13.8. 205 35.0. 48‘0, 115.3, 140.3. the mixture had
exact mass, m e 166.1722 (caicd for C,.H,, m e 166.1721;. E

b

T \y . . X..Y
Couplmg of Z1-- Bromo 2- hexene The procedure for (El-l-bromo-2-hexene was
4

. follovs)ed exCept on.a laraer scale l2 00 mol of the teliurium reagentl using (Z:-1 -bror{go-_

e

2- hexene* (653 mg. 4.0C mmol. Chromatography over silica gel (60 x 1 cmi usé\g- |

hexane. and Kugelrohr distillation (1 10 C..13 mm) gave the same product mrxture ll77 mg,

53%)1(VPC. TLC. lR, IH and :C NMR and MS) as that obtalned from (F)-1 bromo -2~ hexene‘

e

Couplmg of (Bromomethyl)benzenel

" a) lBromomethyl)benzene 684 mg. 4.00 mmol} in dry duoxane 4.0 %L plus 4.0 mL

previou;sly. The mixture was lowered into an oil bath, pre-heated to 110°C and refluxed

for aatotal of 48 h. No tellurium was deposited and analysis of the reaction mixture by

o

‘rinse) wa‘s‘added by syringe to the tellurium reagent (2.00 mmoll prepared as described *

TLC (silica; 491 hexane-ethyl acetate) showed no starting. bromide, or 1,1°-(1, 2-.

ethaned:yl)blsbenzene (30) by comparlson wvth an authentnc sample . '

b) A thick walled ampoule (volume ca. 25 mL) was oven- drled overnlght (120°C
charged w:th telturium powder (ca. 200 mesh) (255mgk 2.00 mmol), ciosed with a rubber
‘septum and purged of all air by three cycles of onl pump evacuatuon and’ refllhng w:th
argon (by means of a needfe, pa;sfng through the septuml Super- Hy‘drude l'l M., 5.72 miL,
5:2 mmo} wa‘s injected and the'_rnlx-ture was lowered into a ‘sonic bath (used instead ot
ma’gneticy stirringl and heateg t‘to) ‘%a. 7h0‘5C. _Afi_er 45 -r.nln;,'allﬂof» the teflurium had dis‘s'olved
and the mlxture had bec,ome a 'rnilk'y Whitesuspenslon. lBromorn'ethyl)benzen‘e (685 mgf
4, 00 mmo!) in dry dioxane (4.0 mL plus 4.0 mi rinse) was added. The ampoule was
sealed, and heated in an ol bath at 160°C for 3 h. The mixture was cooled tq room
temperature and filtered with the and of CH, Cl (ca. 100 le through a pad (2x 2 5 cm) of

*Thns compound contained ca. lO% of the other double bond isomer as estimated by ”C

?NMR spectroscopy. ..

&4 . -
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Celite. The flltrale* was concentrated to an oil, and partmoned between CH, Cl {50 mL)
and water (50 mL) The aqueous phase was back- extracted wnth CH Cl, {2 'x 25 mL) and
the comblned Organlc extracts were drued and concentrated to an oil. Chromatography*~
~ over silica gel (60 x 1 'cmi usmg 49 1 hexane- ethyl acetate and again (60 x 1 cmi usnng’ :
hexane followed by Kugelrohr distillation (1 10°C 0.25 mmi gave 30 l136 mg 37% as.a
white sold. homogeneous by Tl.C (sihca, 49 1 hexane- ethyl acetatel mp 45-50¢C (lit.}*
' mp 52°C). NMR (coC!,, 1oo MHz) & 2.90 (s, 4H). 7.02-7.38 (m. 10H) 'C NMR 1€DCl,,
22.6 MHz) 6 37.9.125.9. 128.4. 128 5. 141.8-exact mass, m-e 182.1093 (calcd for
C.H,.. m/e 182. 1096l
Attembted Couoling of - 3'-Chloro-§-methyl—l-propene (31).5/ , 3-Chloro-2'-methyl-l-
propene (31) (362 rng.ﬂ"il.OO mmol} in dry dioxane (4.0 mL plus 4.0 mL rinse) was added by
syringe to the tellurium reegent (2. Ob mrnol) prepared as described previously. The
reaction mlxture was lowered lnto an oil bath, pre-heated to 110°C and reflgxed for 50h.
At this stage. llttle tellurnum had been deposited, and analysis of the mixture. by TLC (silica,
hexane) showed con5|derable streaking of tellurium on the plate. No attempt was made to

isolate hydrocarbon products from this reaction mixture. : A

O .

: Preparatlon of 1 (Chloromethyl) 4- (T methylethenyl) - cyclohexene (32) The general »

fprocedure of reference 158 wias used 4-(1 Methylethenyll 1 cyclohexene 1-methanol
(20.00 9. O 13 moll and dry HMPA (45 L, 46 g. 0.26 mol) were dissoved m anhydrous
ether (130 mL) under nitrogen. The solution was acooled to 0°C and a solution of
methylllthlum in ether (1.8 M, 73 mL, 0.13 mol) was a%ded over 45 min with mechanical
stifring.” A solution of 4-methylbenzenesulfonyl chloride (25 g. 0.13 mol} in ether (130 )

- L) was added over 30 min. Dry lithium chioride (5.57 9: 0.13 mol was added in one|

portion and the stirred mixture was allowed to come to room temperature overnight.

" Ether (100 mL) and water (100 mL) were added. the layers were separated, and the ether o

phase was extracted with water (4.x 100 ml) and then with saturated sodium chloride

~(100 mL). The ether solution was dried and evaporated to an oil which was distilled

B

*Tellurium was deposited during. workup
#*Tellurium was deposited all the way down the column.



.

‘through a 20 cm Vigreux oolumn The fraction boﬂgng at67. 5°C (O 7 mmi was collected,
- but contained a small amount of polar materal (TLC silica, 91 hexane ethyl acetate!.

' Chromatography over silica gel B x2.5cm usung hexane and redustmatnon as before gave

i o
32(12 81 g 0. 075 mol 57°o) as an apparentiy homogeneou‘s (TLC silica. 9.1 hexane ethyl ‘
acetate) iquid which had: NMR (CDCI,. 100 MHz} 1. 20- 2:@44% 10H containing a singlet

m“‘

"az 0 175 4.00(s. 2H). 4.72 (m, 2H. 5.87.m. 1H); ”CN Cl;‘ 15.08 MHz) 6 149.4

sl 1342(5 127.0 (di 109.0 (1. 50.1 (1. 40.7 (s). 307m 27.4 ). 'Z'G/l (v, 20.7 «f
.Y

exact mass. m/e- 172 0834 caled for CyoH,.*°Cl. m/e 172. 0833; m/e 170. 0858 icaicd
for C, H,,*Cl. m/e 170.0863). Anal. Caled for C,,H,,C!: kC,-7O.‘37;A H, 8.86. Found. C.

70.55, H, 8.88.

: Attempted Coupling of 1- (Chloromethyl)-4 (1- methylethenyl) 1- cyclohexene (32)
Compound 32 1341 mg, 2.00 mmol) in dry droxaner(.? OmL plus 2. O mL rinse) was added

- by syringe to the teltur;um reagent (1.0C mmol) prepared as descr;bed previously. The

~ reaction mixture was lowered into”an oil bath, pre heated to 110°C and refluxed for 48 h.
. Workup In the usual manner produced a dark yeﬂ'ow malodorous oil which dep‘osned
*tellurium on s"tandnng and upon attempted column chromatography. Attempts to isolate

pure hydrocarbon products were unpromising.

Attempted Coupling of 1-Bromo-2-hexyne (33). 1-Bromo-?-hexyne (33) (323 mg.

2.00 mmol) in dry dioxane (2.0 mL plus 2.0mL rinse) was added by syringe to the tellurium

reagent (1.00 mmol), prepared'in the usual manner.’ The mixture was lowered into an oil

bath, pre-heated to 110°C and refiuxed for 43 h. Almost no tellurium was deposited and

-

attempts to isolate hydrocarbon prbducts were unsuccessful.

CoUpIi'ng of 3-Bromocyclohexene Using Commercial Li,Te.

a) Without Triethylborane A solution of 3- bromocyclohexene (316 ‘mg, 1 96-

‘mmol) in dry dnoxane (2.0 mL plus 2.0 mL rinse) was added to a stirred suspensoon of
.commercial hthlum teliuride (Wg 0.981 mmol) in dry THF (3.0 mL). The mixture was

~stirred for 30 min at room temperature and was then lowered into-an oil bath pre-heated

+

LA
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to~ 1 1.0‘;C and refluxed for 2 h. Workup{\ chromatography and Kugelrohr distillation as
preeruSIy described for the ouphng of 3- bromocyclohexene gave 11 (62 3mg C. 384
mmol 39%) as an apDarently homogeneous (TLC. silica. hexane) oil of greater than 99 o
purrty (\VPC). - : : ‘ ST
~ b}-With Trlethylborane 1{5 experrment was performed as descrrbed for a)
above except that trtethylborane (0. 460 mL. 320 mg 3 27 mmoh was added to the
suspension of I|thrum telluride (178 mg. 1.26 mmol'in ary THF (4 O mL) before the addmon
of 3- bromocyclohexene (405 mg 2.51 mmol' Workup * chromatography and
Kugelrohr distillation ‘as before gave 11 (68.0 mg 0.384 mmol; 289 %) as an apparently
homogeneous (TLC: silica. hexane) ool of greater than 99% purity (VPC).
| 9
Detection of Bis(2-cyclohex"enyl)teliuride (36) by *C NMR. _ 3:Bromocyclohexene (644
mg. 4.0‘0 mmoll in dry THF (4.0 mL plus 4.0 mL-rinse) was added to the tellurium reagent
(2.0»0 mmol prepared m the usual manner, in a septum stoppered centrifuge tube. The .
n tube contained a magnetic stirring bar and was filled ‘.With argon. The mixture was stirred |
‘ at room 4eraperature for 15 min,** and then centrifuged for 10 imin‘to remove a small
amount of partrcmate.m(atter. A portion of the supernatant (2.0 mL) was transferred to a
septum stoppered argon filled NMR tube. THF d; (1.0 mL) was added and the :C NMR
spectrum of the mixture was recorded {22. 6 MHz). The diagnostically significant features _
of the»spectrum were. resonances at 0 125.8, 125.9, 130 6.and 130.7. and'the absence
of resonances between & 30.0 and 65.0.- The NMR sample remained unchanged on
stagdmg ‘under - argon for longer than ten days. However, upon expOSure to air. the
mixture rapidly deposited black telluraum BC NMR spectra were also recorded for 3-
bromocyclohexene and 2.2 brcyclohexenyl (11) in the presence of one and two
~ égyrvalents respectrvely, of triethylborane The former had: 1*C NMR (THF d. 22.6 MHz)
6195, 25.4, 33.7. 49,1, 130.0 and 131.2.%% The latter had »C NMR (THF-d,, 22.6

*A small amount of telluroum was deposited during workup.

. **This delay periodhas no substantive effect on the coupling reaction as was shown by
the following experiment: 3- Bromocyciohexene (644 mg, 4.00 mmol) in dry THF (4.0 mL
plus 4.0 mL rinse) was added to the tellurium reagent (2. 0 mmol) prepared as described
previously. The solutidn was stirred at room temperature for 1 h, and was then diluted
“with dioxane (20 mL). The coupling reaction was completed as desribed previously for 3-
bromocyclohexene to grve 1126 3 ,mmol; 81%) of- greater than ‘99% purity as
judged by VPC. A
***Sngnals due to trrethylborane ar¥fy




", MHz) § 23.2.26.2.26.8 41.2 128.2. 128.6 131.2, 131.3.

Attempted ESR Detection of Radicals During the Fermation of Bisallylic Telluride
{36). A suspenevon of the tellurium reagent (1.00 mmol, prepared as described ‘
previously, ang a solution of 3-bromocyclohexene (322 mg. 2.00 mmoli.n dry THF (2',0..
mLi were mixed in an ESR flow reaction vessel under argon by slow. simultaneous addition

from two syringes. No ESR signal was observed.

Attempted ESR Detection of Radic‘als‘ During the_D'e“composition of Bisallyli‘c_
Telluride (36}. The tellurium reagent {2.00 mmol) was prepared as described previously,
except in a septum sealed centrifuge tube. 3-Bromocyclohexene (644 mg. 4.00 mmoli in
dry dioxane 14.0 tnL plus 4.0 mL rinse) was added by syringe. .The mixture was stirred at

room temperature for 10 min, and was then centrifuged for 10 min to remove any

'partiCUIate matter. A small portion of the soiution was transferred by syringe to a septum

sealed. argon flushed quartz tube. The tube was placed In a vanable temperature ESR
probe and heated to 100°C No ESR svgnal was detected even though the solution went

from clear yellow, ‘to brown with a black (tellurnum) precnpntate

Cross Coupling of 3Brom0cyclohexene and SBromocycloheptene 3-

Bromocyclohexene {644 mg 4 00 mmol} in dry THF (4.0 mL plus’'4.0 mL rinsei was added

o the tellurium: reagent (2.00 - mmob, prepared as described previously. 3-

E Bromocycloh_eptene {701 mg. 4.00 mmol) in dry THF (4.0 mL plus 4.0 mL rinse) was added

to another sample of the tellurium reagent (2.00 mmol). These solutions were stirred at’

room temperature for 30 min, and then aliquots (3.0 mL) of each were mixed, diluted with

" dioxane (8, 2 mL) and Iowered into an oil bath pre- heated to 110°C. The reaction mixture

was refluxed for 1 h Workup in the usual fashion followed by column chromatography . |

over silica gel (60 x 1 cm) using hexane, and then Kugelrohr ‘distillation (145-170°C, 17
mm) gave 107 mg of a clear, colourless, appare'ntly homogeneous (TLC} silica, hexane) oil.
VPC analysis showed the product to be greater than 98°/9 pure and to consist of three

resolvable components in a ratio of 1: 1.3:1. The first and third peaks. had retention times

corresponding to 2,2'-bicyciohexenyl (11) and 2,2'-bicyciohepteny! (12). respectively.
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Examination of the material by VPC/MS showed the three peaks 1o display molecular ions

ofm e 162 176 and 190, r‘espectwelyt

Co'upling:of (3-Chloro- t:propenyl)benzene using Te ' . " The procedure used previousty
for tHe coupling of i3-chioro-1-propenyllbenzene was followed. except tnat the tellundm
reagent was prepared with different proportions of Super-Hydrice +i M. 2.6 mL 2.6
mmoli and tellurium powder (255 mg 2.00 mmol' After .a surring period at: room
temperature of 6 h ali the tellurium had dissolved, and the mixture was dark crimson. (3-
Chioro-1- propenyl)benzene {30€ mg 2.00 mmoli indry dioxane (2.0 mL plus 2.0 mL rinse!
was added causing an immediate deposition of tellurium. The m:xture/;;s lowered Into
an ol bath pre-heated to 110°C. and refluxed for 1 h. During this period further
" deposition of tellunurﬁ was observed. Workup as before, foliowed by chromatography
over silica gel (60 x 1 cmj using 99 1 hexane-ethy! acetate gave the same (!H NMR. 400
MHz) 1somer ratno of 14, 15, 16, and 17 (207 rhg 88%) as obtalned by ‘the previous

couphngs of (3-chloro-1 propenyl)benzene and (3- bromo 1 propenyl)benzene

Attempted Coupling of 3-Bromocyclohexene using Se’. A suspensnon of Iuthndm
_ sr=Ien|de in THF was prepared by the hterature procedure 13 Under argon. grey setemum
powder (158 mg. 2.00 mmol) was added portnonwnse to Super-Hydride (1 M. 4.2 mL, 4.2
mmol! with magnetic stlrrmg. THe milky, white suspension was stirred for a further 20
min, then 3- bromocyclohexene (645 mg, 4 00 mmol) and dry tert-butyl alcohol*» (0.37
mL, 0.29 g. 3.9 mmol) in dry dioxane (4. 0 mL plus 4.0 mL rinse) were added by syrnnge
Wuthm 1 h al' of the hallde had reacted‘(TLC). After a further 2.5 h at room temperature,
the mixture was lowered into an’ oil bath 111000 end refluxed for'3.;‘;’>4h. No metallic
selenium was deposited,'and VPC analysis of the reaction mixture indidated less than a 2%
yield of the coupled product 11. v. .

In a preparative experiment,* grey selenuum powder (154 mg, 1.95 mmol) was
added portuonmﬁunder nitrogen to Super-Hydride (1 M, 4.0 mL, 4.0 mmoll. After the
mnxture had. begﬁ“s@rred for 20 min, 3-bromocyciohexene (647 mg 4.02 mmol) and dry

f?lz,q .

tert-butyl aIcthj*“ {0.37 mL. 0. 29 g 3.9 mmol) in dry THF {4.0 mL plus 2.0 mL rinse) was

*This exper‘i’fnent was performed by N. Moss.
mrtert- Butg | alcohol was found to have no effect on the tellurium react»on

s,,,:;::, %{3
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added by syringe. After 3 h of stirring atAr‘oo.m temperature. the reactason was f:omplete,
(TLC) and the mixture was ta‘k'en'up n ether {40 mb» aﬁd washed v»:lth water (:;: x 20 mbL).
The combined aqueous extracts were back éxtrécted with ether (30 mL).- The combined
ether extracts were dried (Né:SO.) apd ’cbncentrated to an‘oily sohid.. The crude product
was chrorﬁatoéraphed over silica ge]‘(do x 1 5 cm; using 9 1 hexane-ethyl acetate then
again over sillca‘gel (66 x 1.5 cmi using hexane. to give 38 (306 mg. 65.‘35. as a
homogeneous (TLC. silica 9 1 hexane-efhyl aéetate) oil. Compound 38 had NMR (CDCI..
100 MHzi & 1.31-2.31 (m_12H. 3.52-3.77 (m. 2H, 5.52-5.96 (m. 4H: :C NIVR (€DCI.
22.6 MHz 6200 20.1.24.9 307 310 36.6 128.4 128.6 1289 129.0. exact
mass. m'e 242.0571' icaled for C),H,,Se,'m?e 242.0574). A satisfactory combustlo;ﬁ\'\l.

anaiysis cculd not be obtained for this compound.
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V. APPENDIX

!

The“féﬂowu_ng equations were used to calculate e NMR chemical shifts. for combcunde
241029 ' O -

For acyclic. sp' carbon atoms: the chemical shuft of a particular carbon atom s
given by the equation’*" = 4 o ; .
s = Bs + 'L DmAsm + YeN, + AsN

m=2 ¢

" where s is the number of carbon atoms bonded to the carbon in question; 8s. Asm, Ys

and As are constants (given below); N, and N, are the number of carbon atoms 3 and 4
bonds away from the carbon atom in question; Om is the number of carbon atoms bonded

to the carbon in questlon which have m attached carbon atoms (including the carbon atom

n questlon)

‘ ,’ Constants
B fffgt__.;e A 1534 B, '723.'46,, B,
Ay 0986 A, 9.75 Ay 6.60 A,
4, 17.83 A;_, 1870 Ay 1113 Ay 3.96
. 2548 4, 2143 Av 1870 Au - 7.35
Y, - 2988 %, 269 % - 207 - V. 0.68
A 049 A, 025

For sc’ carbon ajoms the chemical shift of a particular carbon afom is given by the
equation!t’ - o g v
-1233+na +nf3 +n'Y +noz+nB+n'Y
where nx is the number of carbon atoms in the x posmon and o, f. ’Y o', f3'wand 'Y are

constants. glven below

‘ (_:onstantc 7 o
o w6 . .a .79
B ‘ 7.2 B . -8
Y —15 oy 15

The follownng ad;ustments to calculated chemncal shifts were also made For

alkenes thh C/.s“stereochemustry 1. 1 ppm was subtracted from the calculated chemncal ‘

~ shift of the sp2 carbon atoms ¢ and 6 ppm was subtracted from the caIcuIated chemical

shift of the o carbon atoms. mo
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1. INTRODUCTION : .
P The funga! metabolites Mevinolin (1) and Compactm (2)mn have a wide range of
biological aetmtTe'Ean/dare the sub;ect of consnderable patent and journal iterature. For
/exarﬁ’l/lvlevmohn is fungicidal'#and it mhnblts elongauon of the roots in etiolated
radisht " and wheat seedlings.” Compactin inhibits the growth of piant callus’ and the
productlon of Juveniie hormone in some insects.® !¢ and it induces abnormal gastrulation in
sea urchin embryos.!! Both Mevunolm and dompactln prevent gallstones in hamsters1 and
>

act as neoplasm inhibitors.!! Interesx in these compounds however is due largely to the

fact that they sngnlfucantly lower blood cholestero! Ievel§ n many mammals b 141t most

Heart dlsease is the major cause of death |n ‘wdlatern’ soclet:esl In the United

+

States for example it accounted for 38% of all deaths in 1881.!* While heart dtsease 1S
&

actually a wide variety of diseases, ;hg,m-a;or cause of many Is atherosclerosis, or the

bufup of fatty deposuts on the. inner walls of arteries.’” A sngnmcant risk factor for

atherosclerosis, and therefore, a factor xmphcated in the occurrence of heart disease,

an elevated leVel of cholesterol in blood.? Clearly, compounds which lower blood .

cholesterol levels are of considerable importance in the study of heart disease.

nMevmohn |solated from Aspergl//us terreus,' appears to be |dent|cal to Monakohn K,
. isolated-from Monascus ruber.*

‘##Compactin and ML-236B, nsolated‘almost simultaneously from Pess I//um L
brevicompacture® and Pen/u///urﬂ citrinum* respectlvely appeang tdentrcal .
metabolites. 4 .

K 78 Sy
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“In the human body more than 50% of the total cholesterol ongmates from de novo
bnosynthes.ls o ThIS process therefore represents an obvious target for control of blood
cholesterol lex\els. | Mevnnolm an& Compactm are thought to act. by a reversible,
competitl;e /inhib{t’lon of ther enZyme 3-hydroxy-3-methylglutaryl coenzyme A reductase,-.*
This enzyme is res.pohsible for rne'dlating the rate Iimitlng step in cholesterol blosynthesis

nameiy the two stage reductuon of 3 hydroxy-3- methylglutaryl coenzyme: A (3) to

4 mevalonate (4l (equatnon l) B -
= * o S
¢ o ’
o T A
. 3-HMG GoA &ducnu"
2NADPH
T 3
*\{ The active forms of Mevinolin and Compactin are thought to be the lactone ring

’ _ fg opened dlhydroxy acids 5.’ * They may be effective because of the close resemblance of
9
the upper portuon of these molecules to both the natural substrate {3) and the*product (4)

of _the enzymatic reduct,l,on. e

ty -

However itFs not Only the lactone unit. whlch is |mportant since simply replacmg ~
the C 3. methyl group of Mevinolin wnth a hydrogen (as in Compactm) resultsina 3.to 5
. fold decrease in actl\nty 126 Clearly it would be valuable to. have analogues of these :

. compounds*a’(/allable both to assess the effect of’ varuous structl.:ral features on blologrcal ‘

1
R
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act'ivity, and also to explore the ‘;possibiluty of designing a clinically useful drug to treat

. L T ‘
hypercholesterolemia.

A number of analogues of Mevinolin and Compactin arevavailab_jle by fermentation.

~For exarnple ML-236A (6], ML-236C (7)%¢ and 4 ,4a-dihydrocompactin (8)!" are cometa-

,p\htes of Compactnn while 4,4a- dnhydromevunolm {9} has been .isolated along with

Mevun‘oh‘:\ 2 All of these compounds show attenuated hypocholesterolenuc activity

compared to Mevmohn or Compactnn.

oo

. Fermentation has also been used to modify the natural products For exarnple

ML-236A (6) may be produced by fermentatxon from Compactmﬂ—and Compactvn is

5 produced from ML-236A 6 or ML-236C (7) by some Penncnhum strams % Microbial

v

Ox:datuon of Mevmohn or Compactm has also served to. prepare 3- or Sh‘wydroxy )

deruvatives n-3 Tests to determine. the mhlbnory activity of these compounds against .
cholesterol synthems /n wtro showed that the addition of an hydroxy! group at the 3 .
posmon caused a2 to 3 fold enhancerent of activity . '
Stl” other analogues are available by chemncal modlfncatnon of the natural products
A nurnber of compounﬁs have been prepared where the a-methylbutyrate side chain is '
replaced by various esters, or ethers 3-8 Modufucations that have been made to the Iactone '

portnon lnclude ring expanelon to comp0und 10. -and conversnon to the mevalonolactone

derivative 11,4



gt

. Opening of the lactone to a dihydroxy acid has pe%itted preparation of many

metal or.amine salts of the natural products*-* as well as

. B 4

}af‘var'iety of &jihydroxy acid
esters* ¢ ¢ {Scheme 1). R ' o 42’;» Yot "

Scheme 1

4

A number of modifications to the. hexahydronaphthalene portion have also been

_made.. These. include complete, or part@avl, reduction of the diene system,? 3’ ¢4

Cycloprbpanation of one or both double bonds,* and allylic oxi_d,ation." ‘



While such microbial and chemical alterations to the natural products do provide
analogues a much more general approach would Be that based on total synthesis. Work

in this area I1s challenging because. in addition to the fact, that Mevinolin and Compactin

possess 8 and 7 asymmetric centers respectxvely they are also highly funct|ohahzed and”>

bear a sensitive B -hydroxy- O-lactone moiety.

When we began this project late in 1981, no work related to total ‘synthesis of

these molecules had appeared in the Iteratdte. The perceived importance of the

compounds is such. however, that wuthun two years, fnve syntheses of Compactrn"’ 5t and
one of Mevunohn“ have been descrnbed In addition, three preparatlons of - the
hexahydronaphthalene portion of Compactun” s one of the correspondlng unit of
Mevmohnt‘ and four synthons for the Iactone portion have also appeared.*'**

.

A. Total Syntheses of Mevinolin and Compactin _
L

. The first reported synthesns of (+)-Compactin is shown in Scheme 2.8 The key

Lo

- chiral rntermednate enone 14 ‘was prepared in '70% overall yield from opttcally actlve ene
dioi 13 wh|ch in turn, was obtamed by mncrobual reductuon of 12 Cuprate addition to the
enone system of 14 occurred exclusuvely from the convex ﬁ-face of the molécule 16 give
the correct C- 8 stereochemcstry The resultlng eno!ate%as trapped with formaldehyde to
produce’ 15. Dehydratuon and hydrogenatnon &rated the c- 7 methyl group with the

- requ15|te stereochemrstry ‘Elaboration of the hexahydronaphthalene was stranghtforward

except that it was not possnble_ to serecttvely est_ernfy the C-1 hydroxyl of 16 so that

I M
Y

diesterification, followed by selective hydrolysis of the C-4 butyrate, was used, to make

17. The lactone portion was added to the bicyclic nucleus by reacting 19 with the dianion
of .methyl acetoacetate. The resulting in‘separable mixture of diastereoisomers 20 was
reduced to(_.a mixture of four'diastereomeric diols 21. These were separated into fwo
pairs. One of thern was .suf)jected to lactonization to give 22, as a mixture of tvyo
diastereoisomers, from which (+)-Compactin was isolated by HPLC. This route _provided
opt'xcally active Compéctin in 14 steps from 14 in 0 B% overall yield.

| Another synthesns of (+)- Compactm and also of (+) Compactln starts W|th the
cis-isomer of enedlone 12 and is shown in Scheme 3.2* In this work the C-7 and c-8

' substituents are»-appended in @ somewhat d:fferent manner. Allylation of enone 23 after

e
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_ the lactone portion involved trqa¥g

85
protection of the hygroxyl occwred‘selecttvety fro’rh the 'c'onvex B-face of the moiecule
to establish the, proper C 8 stereochemcttry The C 7 methyl group was introduced by
treatment of the ketone with methylhtum The correct C 7 B stereochemxstry and the

C-5, C 6 double bond were introdugey

techOIborane reductnOn of the tosylhydrazone
derived from enone 24. Cleavage, f'ethy! e‘ther i 25 could net be accomphshed
directly, but rather gave bromosthe

3 3

of aldehyde 28 with diketene-TiCl, followed by

methanol to grve a muxture of dﬂatgefeomernc alcohols 29. " The synthesis of (x)-=Compactin

was completed by the sarﬁgsequence as In the prevuously/ described route to '

+)-Compactin . 3! » . . // -

An intertnediate, corresponding to 27, was also prepared using (S)-2-methylbutyric

. anhydride rather than the racemic reagent. A separable mixture of diastereoisomers was
obtained, one of which corresponded to intermediate 18 in the prewviously described

synthesis of (+5-Compactnn.“‘-‘l This sequence therefore cofistitutes & formal total

synthesis of ( (+)-Compactin:

‘The authors of this work have recently descrnbed an alternate and.more effnment
r .

. generated by regnoselectme hydrogenatlon of triehe 30. The resulting dlene 31 was a

mlxture ©f 1somers drfferxng ‘h» the stereochemnstry of the C 7 methyl group. The
correct B isomer. was converted by a étranghtforward sequence to compound 27.

Fhe Diels-Alder reaction has found extensive use in approaches to Mevinolin and

"~ Compactin. (f)-Compactin“yvas prepared .by the intermolecular Diels-Alder reaction of

chiral dienophile 32 with the chiral diene 33 to give, 1n a single operatnon the mtact carbon
skeleton of (+)- Compactun (Scheme 5).5* The reactron proceeds by the endo addition of'33

to the exo face of 32 to form adduct 34°in 70% yaeld : lntroductuon of the C-7 methyl

,v’

¥ which then had to be reduced.” Introduction of

7'-eraoute to compound 275 In thelr new approach (Scheme 4), the diene chromophore was

-

_group was accomplished by Ilthnum drmethyl cuprate coupling with acetate 35 :t_self’

derived from 34 by sulfoxide-sulfenate rearrangement and Mitsunobu reactlon {to ad;ust

the C-7 stereochemlstry), The C-4, C- 4a double bond and the C-1 Q-hydroxy! were

’establzshed y Grob fragmentation of alcohol 36 to 37, whuch was readﬂy converted to

- Compactmr

o
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./ "~ Chiral dlenophlle 32 was prepared (Scheme 6. by 2 route in whnch. resolutu n of-
/ v‘ l acrd 38 lS the key step. whereas dlene 33 was prepared in optically active form usmg the'
' carbohyd"ate deruvatlve 39 as a source of the’ chural centers (Scheme 7). ' |

A hlghly convergent and enantioselective synthesis of (*l Compactnn was achieved’

based\on\untramolecular Dlels Alder chem:stry\Qcheme 8l * \E.E.E)-Trienone 42 was'

T~

efflc:ently prepared by Wadsworth-Emmons couphng of. ahlral segments 40 and 41
- Cyclization of 42 in refluxlng chlorobenzene afforded the desured Irans-octalone 43 (28

together wnﬁ two crs-lsomers {45% and "9%). K Selectrsde reductlon of the ketone
produced the reqwsute C 1 a-alcohol Esterlfucatlon with (S)-2- methylbutyrlc anhydrlde

then gave 44. a compound which, embodles all of the chlral centers present in

®

{+)- Compactm“ Elaboraatiton of "the lactOne portlon and lntroductlon of the C- 4, C 4a
double bond completed the synthesm o ’ ' ‘ C

; o Optically act:ve phosphonate 40 -was rnade (Scheme 9} from readlly avaulable
l4Sl Y- lactone 45, Stereoselectnve preparatlon of the (E, E)- dlene 47 was accomplrshed ‘
by addmon of. trans-crotyl pheny! sulfone 'anion to aldehyde 46 followed by quenchlng

with acetic anhydrlde and reductlve removal of the sulfo?le and acetate units.

The synthesns of 41 (Scheme 10 depended on the asymmetrlc rédu tzon of «s\

3 keto acid derlvatlves by Baker s yeast R ,’ ’ B '

/

‘ The versatlllty of thns Compactln synthesus\was demonstrated by conversuon of
) compound 43 nto’ Mevmolm (Sch‘eme 1 1) se Thus scheme represents ﬁwe flrst and to date .
only total synthesls of Mevmolnn There exnsts an addmonal chural center (c- 3l i .
I Mevmolm compared to Compactln Thls center was mtroduced stereospec-flcally b
Michae! addition of. Ilthlum dlmethyl CUprate to enone 48 derlved from 43 by silyl en l:
Ether formatlon and oxldatlon The cuprate addmon proceedbd exclusuvely fcom the
Ol face of the molecule because the bulky tert- butyldlmethylsulyl group hindered attack

I

- from the B face Ketone 49 was converted ln‘to Mevmolm by a route analogous to that ;

)

| used for the synthesns of Compactin.st

BN



i LiAlK,

e
.

2. MaH - Mel
k™ /m,
3
f

[

!
i

S

nur mr 0% 10 -m'

1. 1501 pyrinine.

2. Nal “sethyl ethy!

ketone

3. szzm NaH

4. 6! ua(ug) MelH

nznvo °c
83
. .

2 PRSH - HIPA ut AIBN-
150° [ uin
-9 % coverall

,3:2(

N s

.

ntl Olnuﬂ-n

2.‘%\ o

W le"

1. UMN“:
2. Collins oxidation

[ 3. a-BarisenBon,comus

"v.m SERTIY



~—

1. K-Selectride 7%

2. (S)-2-sathylbutyric snhydride
oyricine 28°C 200 01

150 A7Lsa F 1 ONON 708
/ ) -
!

.
¢

1. 500, 0°C 15 wia
2% 1Wen

2. 1:10 473 sq W : CNyON
s : .

3. 00¢ OW.

& oy

149 ey
2. Coltins emigation:
LY




T SoMTC swger
R ntm -u"c

1. KO EUOW/H,0
- 7 2. haker's yoast i 4
. o L Hheou nzo e .
._ SRS ,,:sz Mes o
- ‘ \ L S 2, mw

/ e ' 1. LOAJE : P :

2. PTS BN ope ‘
,d‘-————-——— \M/

3. ‘dimethoxy mm
CopeTeOH .
8. LA, o _ -
. 5. PRCH Br MaH oMe
" - “48% 1:3 3: as , .
' eow -76% S
.1 .
. : ..
-




s . — ° .
5i 1. keSelectride. AT 89-%
‘z. t n, 1% 0g
o 3 (S)e2-mmthylbutyric
. - :
. anhydride py DWW
L L. B A
4 o T4 IN DM EtOM RY 90 3
o ; Collins oxtdation '~
. - . .m";,.quf cu,cn ‘_&
: ' 56 % ‘overalt . . '
. Y .
il




| e Svmhuu of the mmymompumm Portion of Mevinotin snd cmmtn
e e mtw%otocuur lea-Aloor resction has aiso, been employed in . numbor of
' fynthnn,ofv,tho noxnhydronuphthulono portion of Mcvmolm ‘and Compacﬂn in ono such
e .pproach (Scnamo 12), trans-ocmonc B81. was proparpd efficiently by the Lewis accd
‘ modmed nntrupolocullr Dmls-Aldor ructnon of mm 80" Bromunatton and ~double
dohydrobrommmon of 82 nfforded diene 83, Q compound wh'ch roprosonts tho .
hoxmydronupmmmmof Compactin. - S
o. \) Both double bonds of the daano can be introduced during tho mtramolocmar_

. D

igis-Alder step if a. vmylauone serves s tho dmno corrponont This is demonstrated in
Schemes 13 and 14 for the proparmon of tho hoxahydronaphthalenos corrospondmg to -
Compactm" and Ma_wnolm,“ rnspectw,oly. = 1~ vinylallene, was synthesized by
" isomerization of a ro\iaiiy available 1.4-anyne; ‘Compound 54 in 'Schorne 13 is a separable
| rixture of two diaotereoisomero one of 'which corresponds to interrnediate"la'wnich had
prevcously been converted to (+)-Compactm 051 ang so this sc_:her,n'eb represents a formal
: Qotal synthesns of (+) Compac n. o : ‘, ) B { \

A conceptually dsferent approach to the hexahydronaphthalene portnon of
¢ . -Compactin is given in Schéme 15.% Here the bvcyclvc unit is constructed by annellatmg the |
feft‘ hond ring onto the right hand one. Theus-ra;latlonshlp btheen-:.mo C-7 and C-8
substituonts was'e'staolished by the. Diels-Alder addition of ethyl (Z)-crotonate (85) to

' Damshefsky s duene {56). to give. adduct 57; /whnch was el4borated to enone 58.
Attachment of the left hand ring: was: acezomphshed by comugate addmon of lithiated
duthnane 59 followed by aldol condensatnon Hydrolysss of dithiane 61 and L- Selectnde
reductnon of the denved ketone estabhshad steraosolectlvaly the C-1 a-hydroxyl group
Esterification wnth (S)- 2-methylbutync anhydnde gave 62 as a rmxture of two‘

'dmstereossomers Thns compound represents the |ower part of Compactnn Compound'

'60 was’ also converted by a slughtly d:fferont ser:es of. reacuons {Scheme 161 mto- o

cornpound 63 an analogue of 62 in whrch the diene system occupues the 3 4 4a, 5

]

. posmons
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C. Lactone Synthons

.

A number of synthons efor the lactone unn of Mevmohn and Compactm have also

‘been desd'lbed and In most cases. Q;Iucose deruvatwes were used as appropnate chiral

‘ startmg maternals

One Synthesus from the known epoxy trityl ether 64 is shown in Scheme 17 and.

'was ‘used to. prepare the two chlral Iactone san«‘rons 65 and 66 o

A

The Qt-anomers of these synthons were made by an almost identical route (Scheme

18)e - S ” ; L

Scheme 18

THF ¢ tert-Butariol.

N NHy

Collins
Oxidation

l'.‘ ‘TsC) pyridine
2. Nal )

ch

Couplmg of these synthons with ‘various lower portions, and elaboratnon to
B hydroxy-a-lactones is shown in Schemes 19-21-°
A slughtly dnfferent route startang from.. methyl - Dglucopyranos»de 68 IS
| 'sbfnmernzed in Scheme 22.4 ¢ This Iactone sgynthon 69 dlffers from 67 only in that a

benzy! protecting group has replaced the ’ieft-butyldiphenyIs‘ilyl group.
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Lactone synthon 69" was used to alkylaﬂe the anion of some sulfoxides and

sulfones (Scheme 23)*' $* and a procedure was developed for. elaboratlng try«o a

B- hydroxy- -iactone lScheme 24l o
’

Another, very dlfferent approach ‘was used to prepare a chiral lactone synthon ‘

- (Scheme 25).% In thig procedure the key step l_m/olves cyclocondensatlon of aldehyde 70

‘with the highly -'fUnctlonalized diene 56. Thus. aldehyde 70 reacted . with Danisvhefsky‘s_
diene 56 under Lew:s acid cataly%@orm adduct 71 w:th complete Cram rule selectlvnty

By using a chiral, aldehyde the requlsrte absolute stereochemlstry was obtamed Addition -

of isoptppanol to the enone system of .71 and /reductlon with fL-Selectride occurred

'vcomplet y stereoselectively Acetylatlbh of thef'alcohol a‘nd‘ m dificationof the side.
v stereochemlstry of the natural products.
Clearly a great deal of research has been dlrected towards the: total synthesls of
Mevmohn and Compactln as well as to portions of these molecules The percelved
importarice of the compounds and their analogues both for the purpose of understandmg
 their blologucal propertles ahd as a challenge to synthetuc chermstry wnll no doubt stlmulate .
further work in this field. J . o A '
'~ When we cthldered our approach towards the- total synthes:s of Mevinolin and
Cbmpactm we sought a highly convergent synthesls and one that would be flexibie .

enough sQ that a: varnety of analpgues could be- prepared wuthout any substantlal

s . .
o B v o

modlflcatlons to the general plan
‘ Retrosynthetlc analysis suggested that these compounds could be constructed

from three parts “(shown in Scheme’ 26 with protectlng groups omlttedl The

a~methylbutyr|c acid sude chain IS now corhmercually avallable (Aldrlch) as lts acid chiloride

ahd could be appended to the hexahydronaphthalene by a simple reaction.

o /

The lactone synthon contams both of the chlral centers present . m /the°

| correspondlng portion ‘of the natural products and could in prmclple be attached to the
/

blcycﬂc unit by nucleophlhc opening of the epoxlde Oxidative rlng closwe would

complete elaboratlon of the " lactone Our _strategy to efflmently construct the lactone‘

synthon in optically active form was to start wnth one chlral center mtact and to mduce the -

~ second center of chirality.- The preparatlon of 3ust Such a lactone synthon has been

By Y
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* ' scheme2e

. ;'.—-."7

completed in our: laboratory and is outlmed in Scheme 27 ¢ The sequence beglns wrth. -
readnly avanlable (Sl malic: ac:d 73 and, by /a seraes of stralghtfor‘ward transformatlons
converts it mto the key chlral homoallyllc alcohol 75. The second center of chnrahty st "
mtroduced at this. stage by lOdOC!l'bOl"lathh) to afford compound 76:and |ts C 5 eplmer in ‘
a ratuo of about 9 to 1 Treatment of compound 76 wuth base produced epoxy alcohol 77 .
‘_whuch was protected as uts THP ether so as’ to provude the requured target molecule 78. E
The hexahydronaphthalene portlons of Mevmolm and Compacttn (anure 1 contam
five and fOur chural centers respectwely ‘ _
Our ptan for attachment of - these unlts to the chnral lactone sython 78 mvolved

"nucleophmc openmg of epoxlde 78 by the carbon bearung the substltuent X (see Figure 1) ,

For - our purposes an hydroxyl group was chosen as group X because it is easy to replace o

by a number of ant)on stablhzong groups, We consndered that a convergent approach to
the hexahydronaphthalene would anQIVQ bulldlng up this system by annellatmg the left hand‘ -
ring. of the blcycllc unit onto a pre-exlstnng rlght hand rung - Our anellatlon strategy '

outlmed in Scheme 28, mvolved mtramolecular carbonyl couphng of an. aldehyde enone to‘ ‘
form the C 4 C- 4a double bond and an aldol condensatnon to make the C-l c-82 slngle-" V'
B bond. This aldol_condensatqon would be expected _to occur _from_ the less hmdered face

. -
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of the enone to generate the dosiro_d,rihg juhcﬁon stereochemistry at C-8s. The aidehyde
functionality required for intramolecular carbonyl coupling would have to be masked
during early stages of the work and we felt that ».carbon-carbon double bond would serve

' this purpose well.
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in the f,ollov(ring section, four topics will be discussed.
'Mode! studies that establish the viability of the snelistion plan outiined in Scheme -
28. | o n |
The synthesis of compounds 127b ‘ and 1278 by that routo These are
substancos which represent the nexahydronaphthalone portuon of (:)-Compoctm and

\
\

of its C- 1 epcmer

‘3'

: The use of the same genera' approayh to prepare compound 138 as a pnxturn of
/
diastereoisomers, a consequence of using a racemic nght hand ring-and an opt:cally

actlvg précu’so' to the left hand portnon Compound 138 possesses the appropnate

- features of the bucychc system of Mevinolin.




ay

X‘ | 10

y mode! studies on coupling the hexahydronsphthalens portion 10 our

gm}at uctomiymnon . \

\ .
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Il. RESULTS AND DISCUSSION

li

A. Mode! Studies on the Anneliation Approasch

, In order to determine the visbility of our itmo;yjﬁmmd in Séhcmo 28 for
preparation Sf tha'bicycktic unit, we m(tr.npt.d to make the Mode! compouﬁ'd_ 103b.

e

R . .
i

.

s/
’ .

According to our plan, 103b would be constructed flqm 2-cyclohéxenone (79) and
‘4-pentenal (80). The latter is a known compound.* and it was prepared by two different -

procedures.

o

The most direct route. Collins oxidation™ of 4-pentenol (81), gave only a modest

’

' yield (equation 2).

e ’ !

& %

| 51 w0 ,

~Some‘of these results have pfeviously beén reported.s’ ¢

11
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Furthermore. the resction was inconvenvent bacause rather large volumes of solvent have
1o be separated from a relatively low boiling product. o

Since 1.4-enals can be prepsred by Claisen resrrangement of ally! vinyl others, we
8iso examined this route. snd in'the ovor?t. sidehyde 80 was prepsred conveniently, in

-

acceptable yieid. and on s relatively lsrge scale 50-100g) by pyrolysis of

| 3-ethenyloxy- 1-propene (82) (squation 3).** The latter was availsble by s shightly modified
. . ) . .

(see Experimental) literature procedurs.’

N
208
/ Cu-bm — {3
S % ‘
82 ‘ Y

With aldehyde 80 in hand. it was possible to sxamine the aldo! condensation with
e‘r’\one 79.# In grinciple. the crossed aldo! condensation of a metal enolate with an aldehyde

can produce two diastereoisomers (equation 4).#« .

| - -
+ RCHO e
m/gcm, , . R; R; R, 4
. ’ m

»
« orytheo
Diastereoselectivity has been observed for the aldol condensation under

-

conditions of either kinetic or ‘thermodynamic control.” " Under t}.erm‘odynamic control -
usda!ly highér/ temperatures and/or longer reaction times - wh’ére equilibration of the
‘aldols is possiple, thF threo-preguct is hor?nally ,favopred. Under conditions of kinetic
control - low temperatures snd short reaction times - where .equilibration of the aidols is

not possible, diastereoselectivity is often strongly dependent upon enolate geometry: the

*For recent reviews of the aldol condensation see references 72, 73.
»«These designations are not rigorous for all possible combinatjons of R,. R, and R,.
recently proposed convention’ suggests that with the carbon Backbone of the mole
drawn in an extended zig-zag fashion {as shown in equation 4), the erythro-configuratpn is
designated as that where R, and OH bear_a gauche relationship.  The threo-configuratign is
that where these two groups exhibit an ant/ relationship. '

r
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Z-enciate usully favours the erythro-aidol. wheress the E-snolste favours the
threo-product. This stereochemical dependence on enciste -geometry has been
rationshized Sy proposing 8 cychc. six membered transition state, which assumes 2 char
' conformation with as many substituents in oquatorial positions ss possible. '
A cychc enone such as 79, has two possibie sites of deprotonation. the &¢'- and
the Y-positions (Scheme 28).
Soheme 29

(5 <—Y-deprotonation _ ‘“&" o-deprotonation
~ B
' - Y

kinetic
‘ .
hermodynamic

Deprotonation at the «¢'-position is usually faster (hence.the site of kinetic
deprotonstion) but produces a cross-conjugated enolate. Deprotonation at the
7Y -position on the other hanq. generates a fully conjugated enolate and is therefore usuatly } ‘
the pfoduct 01“ enolization under conditions of thermodynamic control.

Construction of the hexahydronaphthalene alcohol 103, requires kinetic
errotonatioh and, therefore, the use of kinetic control for the gldél reaction. —

In the event, kinetic deprotqnafioh of enone 79 {(LDA, -78°C) and conqensgtion with
aldehyde 80 (10 min, -78°C) foliowed by quenching o.f the reaction with saturated

N #

ammonium chloride solution, afforded aido! 83 in 56% yield together with some

. dehydration products 84 (19%).
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.

The aldol, which appeared to be homogeneous by TLC proved to be.a mu(ture of erythro- )

' and threO‘dlastereOIsomers (83a and 83b) the 'H NMR, spectrum of aldol 83 showed that -

wh;le many of‘fthe sugnals for the two dnastereonsomers were OVerlappmg the carbnnol

proton svgnals were resolved (two multlplets at 6 4 20 and 3.92 in aratio of

kS

g approxumately 1 1) An mterestmg observatuon concernmg thns reaction was that while
i quenchmg the reactnon wnth aqueous ammomum ch|or|de afforded almost equal am0unts -
of the two dlasteremsomers quenchmg with glacnal acetuc acud afforded the same two
; isomers in a ratlo of approxlmately 2: 1 in favour of that ha@ry‘g its carbunol resonance at 0

i392

e

~ Since the enolate derived from a six membered ring ketone must have E-geometry.

. and because this aldol reactiort was performed under. conditions of kinetic control, the

" major product (from the acetic ‘acid‘fquenched' reaction) is. predicted to’ be the

'tf}reo-diastereoisomer'(83b) Evndence in fav0ur of such an assrgnment was obtained on

the basis of the followmg considerations. .
B Hydroxy ketones in non polar aprotlc solvents -are thought to: exust in
mtramolecularly hydrogen bonded conformatnons . with the maxgmum-. .number of .

substituents disposed _equatoruafly, ‘as shown in Figure 2. The coupling constant (J)",."

i
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between the methlne and carbinol protons is usually larger ltypucally 6-9 Hz) for the
threo-lsorner where these protons bear a trans-diaxial relationship, . than for the
eryrhro-compound (typlcally 2- 4 Hzl where these protons are gauche T

Flgure2 ' . o E "

The: carblnol proton SIgnals at 0 4. 20 and 3.82in the NMR. spectrum bf aldol 83
. sumpllfled upon D,0 exchange to what appeared to be two doublets of triplets with J =
9.6, 3.2 Hz and 3.3; 7.5 Hz respectlvely ' lrradlatlon of the methylene protons H-2),
however caused these sngnals to collapse further to two doublets J=3H2 for the sngnal ‘

,'at 6 4:20. and J = 7.3 Hz for the sngnal at 5 3 S2. These data suggest, therefore that

B the major product from the -aldol condensatnon was that wnth threo, stereo'chemlstry and

that the minor |somer has, the erythro conflguratuon ) N _

There are in the literature, however cases where J eryzhro is found to be larger
than 'J threo.’ An alternatuve means of. |dent|fy|ng aldol dnastereolsomers has been
described recently.- The MC NMR’ spectra of a large number of dlasteremsomerlc
B hydroxycarbonyl c0mpounds were examined and emplrlcal observatlons were made o
which are of value for assngmng stereostructures For Ol-methyl B hydroxycarbonyl
systems (Figure 3) the chemlcal shlfts of the methyl methme and carbonyl carbons Were |
found to be the most duagnostlcally useful For all three cases, upfleld shlfts were
observed for the erythro-compound relatlve to the threo-lsomer (Table 1) The orngun of
- this effect was proposed to be due to dlfferences in. steric mteractlons in: the preferred

chair conformatnons (Figure 2) of the two mtramolecularly hydrogen bonded lsomers



Figure 3

W
‘Table 1

'BC NMR Chemical Shifts(§)
_ " ofSome a- Methyl 8- Hydroxyketones—

..'f ; carblnol_ methme v

erythro 71.6-78.1 38.6-53.8
" threo- '74.0-825° © 40.8°55.2 |
E . Ce E \ . . ) . .
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F

methyl

7.6-12.9

10.9-17.9

For the aldols 83 the methme carbon resonances comcnded ( 651. 3) but the '

carblnol resonance for the ‘minor nsomer (acetnc acnd quench) was upfceld (' 68.4) of- the

correspondmg s;gnal for the major component ¢ 0 70 5)

These - data therefore are ;

L consxstent wrth the ass;gnment of threo—stereochem:stry to the major product The

correct only by eventual conversion of the aldol mlxture 83 to bncychc alcohol 103b and its

S/

/ssngnments must, however be con51dered tentatlve at thns stage they were proven

c-1 epimer 1033 (where the rngnd structures perrnlt an unambnguous stereochemxcal»

assugnment by NMR).
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- The next step for conversion of aldol 83 to compound 103 was protectnon of the’

hydroxyl Treatment of 83 wrth pyndnne and. acetic anhydrlde at room temperature

o~

afforded acetate 85|n 90 yield. o e o

' Exposure of acetate 85 as a solutnon in methanoi dnchloromethane (1 1)to ozone at .
' ~78°C followed by reductrve workup (dlmethyl sulflde room temperature) then gave

aldehyde861n74oyteld R T LI

5y

Wrth this compoun\ in hand we were in a posmon 1o try the, carbonyl couplnng

o

leadnng to the hexahydronaphthalene unlt lt has been demonstrated that many s:zes of .

‘ rlng can be- formed by tntamum mduced mtramolecular couplung of dlcarbonyl compounds ’

*-under condltnons of high dulutron "wu However when enone. aldehyde 86 was treated wrth ’

TuCI Zn(Cu) couple by the procedure desrubed in the . I»terature " httle uf any of ‘the

~ desired bicyclic compound 87 was obtamed We con51dered it ii‘kely that thrs was due tp

the unsuutabuhty of. the acetate protectmg group for a reactron mvolvmg low valent

. tutan:um because @f the h;ghly reducmg nature of thusxreagent "o
. ¥ RS
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A number of attempts were made to prote'ct the al'cohol functionality'of; 83 asa.

" methoxymethyl ether, but under a variety of reaction conditions. none of the desired.

: product 88 wae d,etected.' :

When the aldol condensatuon to form 83 was quenched at -.78°C v{)ithv-,

'_methoxymethyl chlbrlde . no new products were detected (TLC) at that temperature'

s Upon warmnng to 25°C o aldol remamed only the dehydratlon product 84 could be .

’, lsolated (27 yleld) R - oo ———«—

When aldo! 83 was treated with a mcxture of methoxymethyl chlornde tnethylamnne

_and a catalytsc amount of 4 (N N- dnmethylammo)pyrudme only the startmg materual and

: deh dratron\ roduct 84 were detected even after a four day reactlon perlod at room. -
- Y P

o

. :temperature

- Non- basuc condmons yvere also examnned Aldol 83 was treated wvth methyla! and.

- phOSphorus pentomde at room temperature in chloroform accordmg to the hterature
“procedure 1 After fwe days some of the aldol remauned and the only major product was

84.

BA U )

Attempts to prepa\e varu us squl ethers were much more successful When aldol

83 was treated wnth p muxture f tnethylamme and chlorotrnmethylsnane in ethe? it ‘was o

AR
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A

- slowly. converted to tnmethylsllyl aldol 89.. After l- h at room temperature and a' '
prolonged perlod (22 hl at reflux the reactlon had pro eeded only to approxnmately 50 |
converslon However lf a catalytlc amount (20 rnol ‘lol of 4-(N N-dtmethylamlholpyrndune‘_

lDMAl’l was added. the reaction was complete af | r an overmght per:od at’ room o

temperature and proceeded in hlgh yleld (93,

zonolysns of tnmethylsnlyl aldol 89 under the condmons used\succes,sfully to

prepar enone aldehyde 86 (methanol dlchloromethane solvent dlmethyl sulfnde workupl‘

A vanety of ozonolysls condmons were. exammed When the reactlon was -’

repeated wuth trumethylphosphlte as the reducrng agent total decomposmon of the™ -

starting materual was agam observed If, however pure methanol was employed as the

solvent in place of 1.1 methanol-dlchloromethane and tnmethylphosphute was used as .

“ reduclng agent then aldehyde 90 was isolable. in. ynelds ranglng from 43% to 74% (average , ‘

©

6 1 % over five expenments) J
I

Catalytlc hydrogenatlon is-a partncularly ‘mild reactnon and it was ‘also exammed for

reductlon of the initial ozonolysrs products A solutuon of- trumethylsllyl aldol 89 in ethyl

C acetate .was treated w1th ozone (778°Cl then stlrred at roorn temper?ture wuth 5

. . -
L] N
P o . ) E A
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palladourn on carbon under an atmos;)here of hydrogen Two substances were |solated by

chromatography the deslred enone aldehyde 90 137% yreld) and keto aldehyde 81 (15

Th:s undesured overreductnon c0uld be avmded by use of Lmdlar s catalyst 4 however |

enone aldehyde 90 was strll produced in only modest yleld (38%)
' The tnethylsulyl (TES) and terr-butyldumethylsnlyl (TBDMS) protectmg groups were
als‘o exammed for aldol 83. Tnethylsrlyl aldol 92 was prepared (85%) by treatment of aldol

83 with chlorotnethylsrlane in pyndme e

)

Ozonolysus of 92 under a varrety of condmons (T able 2) gave no better ynelds of

aldehyde a3 than wrth the trumethylsalyl protectmg group




C Tabloz L EEE
Ozonolysls of TES Aldol 82 '

s&v’\e‘nt N ) : , reducmg agent o yield of 93‘.
e‘thyl ‘ cetate . ’ ’H,(Lmdlar s catalyst - 42% '_" |
methano! - dmethyisulfice . ag%
methanol - trirheth_ylphosphite ' 539 -

L The’_ tert butyldnmethylsnlyl aldol 84 'was prepared (57%  using tert-

butylchlorodnmethylsnlane and lmldazole in W,“’ but proved no better in the ozonolysis

“\

step T I TR S

A modnflcat:on to the viny! group was exammed as -a means of lmprovnng the yueld
a2l the ozonolys:s » Ozone is thought to be an electrophullc reagent since kinetic studues of

: lts addltnon to varlous substltuted olefms sh0w that substltuents generally lncrease the rate

4 H .;

of attack if they are electron releasmg ‘and decrease the rate if electron .withdrawing.'” "
i ozonoleySls of’ the enone carbon- arbon double bond competes w:th ozonolysus of the
'fvmyl group -of -89, then substntutlon of the vmyl group should make this process Iess
‘;‘.competltlve Another consnderatnon is that decomposmon of a prlmary ozonide to’ a
carbonyl component and a cacbonyl oxide occurs in. such a way that the carbony!

component is derlvedlfromthe less substituted end of the orngunal-double bond.* For

these 'reasons. ozonolysi 1 would be expected to result nn decomposltnon of the

prin1ary, ozonide 95 to ca ide 96 and aldehyde 80 (Scheme 30). Iif the ozonolysus
. were “carriec‘l out iny] ethangls ; rbqnyl oxlde would be trapped -as a methoxy-

"hydro;r‘y'peroxide 97 cumstances aldehyde 90 lS K durect product of the

#For a review of ozon

Y
\

‘ ference 88.
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Scheme 30

o
: ‘.-
o7 |

ozonolysis and not the resuft of subsequent reduction ' In principle' it shouid beb
unnece’ssary to reduce the ozonolys:s ‘mixture in order to obtaun 80. Even if reductnon
were performed fto decompose any peroxidic byproducts gr;sent) 90 would not be
involved, so that if reductson of the ozonolysns products |s responszble for the lower —
yields obtamed m prevubus reactoons .this problem might be- cnrcumvented in the case ofA '
101 '

. %

Compound 101 was prepared in two steps from 2 cyclohexenone (79). and:'

5 methyl 4-hexenal (99). The latter is a known substance and it was made by the literature

. route’° 9 shown in Scheme 31.

Aldol condensatton of enone 79 with aldehyde 99 in the usual fashion gave 100 in

43% yueld asa mixture of tv;;o dnastereorsomers in aratio of about 2. 3:1.
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Scheme 31

o= fer]

Protectnon of the alcohol as its trnmethylsnyl ether afforded 101 in 74% y|eld.

) _
100 ’ - . 101
' Tﬁis compound d_i'd,l in fact, prove to be a better substrate for ozonolyeis. Over
foor attempts ozooolysis (metﬁanol -78°C) followed . by reductive ‘workup
E (tnmethylphosphlte) gave aldehyde 90 in ynelds rangmg from 62% to 87% {average 77%).
" However, the aldol condensation and protectnon steps proceeded in poorer ynelds and
thereby made thls process less efficient overall than the route invélving 4- pentenal (80).
An atternat»ve reactnon used to’ c?eave carbon carbon double bonds is the
" Lemieux-Johnson oxidation.” Treatment of the trnmethylsulyl a@ 89 under the reported.

conditions (NalO. catalytnc -0s0,. :1l H O-ether) however resulted m complete

’ 'decomposntnon of the starting material and no detectable (TLC) amount of the \desnred
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aldehyde so . o , . : ;
Wlth enone aldehyde 90 in hand. rt was possible to examine once again the crmcal
rmg closure Treatment of 90 -with low valent titanium according’ to the literature:

‘ pr'ocedure.” gave eompoun,d 102 in 55% yield, 'after.vcﬁrorna‘tography and dustillation.‘

Some aspects of this reaction are worth notirwgr The reported progedure involves
high dnlutlon conditions (slow addition of the~substrate hy motor drnven syr«nge pump to
the reducmg agent) and was used to prepare four to sixteen. membered rmgs so 31 Slnce a.
six membered ring is formed.in our reaction ‘and_should be an entropucally favoured
process non- hngh dilution conditions were exammed The substrate 90 (as a soluuon in
dry DME) was added |r/1 one. portron to the totan:um reagent‘ however a lower yueld {36%
of cychzed product 1¢2 resulted
The workup procedure descrnbed for this reaction calls for filtration of the crude
mixture through Fiorisil. ]’hns appears to be critical for retention of the trimethyisilyl
protecting group. ’_When ihe reaction mixture was instead fiteced through Celite,- which
presomablr/ does not retain ell of the tiﬁanium species, only a mi'XtUre of alcohols 103 was
obtained. . Furthermore. this desilylated product was obtair\ed in better yield (74%) than the
- trimethyisilyl derivative 102. Alternatively, 162 could bendesi|ylated by treatment_ with

excess fluoride ion” to give alcohols 103 in 81% yield. o : &

LR

“
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Because these bicyclic compounds possess relatively rigid structures. it was
~possible to make ‘unambiguous stereochemical assignments by NMR. In the 200 MHz 'H
NMR spectrum?of the mixture of 103a and 103b. while- many of the signals fqr the two
dxastereon;omer‘s 'dverlapbed. the signals for the carbinol (H-1) protons were clearly
resolved at 0 3.88 and & 3.49 for the major and minor isomers (originating from the
acetic acid quenched aldol reaction), respectively. Upon D,0 exchénge. the sugn‘all at
3.99 gppeared asa broad‘singlet (W,,, = 9 H2) whereas the ssgnﬁl ot & 3.49 aapeared asa
mump!et (W,,‘ = 35 Mz). On cofnparison of the"staredchémistry of compounds 103a and
103b (shown in Figure 4}, it as seen that the carbinol proton of 103a sHould have two large
couphngs because of its trans-dnaxlal relationship to both H-8a and H-2 axial. and one small
~ couplhnlg to H-2 equatorial because of its c;s-relat-onshup to this proton. The c'_:‘arbmol »
proton of 103b however, would have only relatively small ‘c0uplings because of its
gauche-relationship to all ‘'of these protons On the basis of such expectations, the |somer
with its carbinol signal at & 3.99 and showmg no large couphngs (the major isomer from
thPT acetic acid quenched aldol reaction) was assugned struqture 103b. The isomer with its
carbinoi signal at 0 3.49 iand éhowingvlarge.couplings\must, thérefore, hg_vg structure -

w

103a. ' - ~

Figure 4

Further evidence for this stereochemical assignment was found in the 13C NMR
spectrum of the m|xture The most diagnostic feature was the fact that c-1 |n the major

isomer showed a chemical shift at & 68.4 whereas the correspondmg signal for the minor

J
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isomer. appeared at 8 73.0. These chemical shifts are consistent with those for carbon
atoms in a cyclohexane ring bearing an axial and equatorial hydroxyl group. respectively.
For example c)s-a-rerr-butylcyciohahnol {104} where the hydroxyl group is axially
oriented shows a chemical shift of 0 65.0 for ghé carbinol carbon whereas the
corresponding trans-isomer 108, v\«ith the hydroxyl group equatorially disposed, shows a
‘ chemical shift of 0:70.4.% These observations also suggest that the major' and minor

) *
isomers of the mixture of bicyclic alcohols have structures 103b and 103a respectively.

6705

HO
t-butyi

104 . : -~ 108

‘This conclusion also provides unambiéuous evidence that the g@idol condensation
used to prepare 83 favoured the threo-aldol 83b 'over thé erythro- aldol 83a when acetic
acid was employed to quench the reacti.on. ' ‘

' .Ha\'/ing demonstrated the viabil‘ity of our annellation approach, we used the same

sequence to construct the bicyclic portions'of Mevinolin and Compactin.

B. Synthesis of the Hexahydronaphthaiene Portion of Compactin
Our target molecule. embodying the four chir}al centers present in the lower
portion of Compactin, was diol 127b. This compound also possesses the functionality we

considered necessar'y for elaboration into the natural product.

[

127b
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By our annellation sequence, diol 127b would be prepared from 4-pentenal (80) and

the suitably protected enone alcohol 118.

1

An appropriate enone (120) was prepared from cis-acid 114 by the route outlined
in Scheme 32. The acid 1s a known compound which had been made by 1somerization of
readily available trans-acid 106 (Scheme 33).*» The latter, which 1s the product of a
Diels-Alder u;eactnon bet\}veen butadiene and £-crotonic acid. was converted to its séc-buty!
ester (107) via the acid chloride. When ester 107 was hydré!ysed with potassiurﬁ
hydroxide in ethylene glycol, a mixture of c¢/s- and trans-acids (114 and 106) in
a/pproximately equa! proportions was obtained. In the literature procedure.’ the mixed
agids were separated chromatographiéally, but we ?ound it much more convenient on a
large scale. tc separate the derived methy! esters (108 and 109V by spinning-band

dustlilation.

CO,CH, | -CO,CH,
- X o

»

»

The esters were easily prepared** by treatment of the acids with dimethy! sulfate

and potassium carbonate. Hydrolysis of ¢/s-ester 108 to the de€sired c/s-acid 114 could
be accomplished (KOH, methanol-water, room temperature, 92%) without isomerization

back to tran‘s;acid 106.

e L L T T Yy

*This work was done by C. F. Evans.s? ¢
#*The esters were prepared by C. F. Evans.¢'



- Scheme 32

[¢]

Scbheme 33

120

. 107

128
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- We also examined 8 much shorter route (summarized in Scheme 34) to c/s-acid

. 114.
N Scheme 34
¢ ,
———
’ 111 : . f
I ’ ’ o
B CooH ‘
| :
" b3 - CH' .
m R s .
7

4

C/S-ahhydride 113 is éomfﬁercia!ty available (Aldrich), or was’reaq_i‘ly prepared by
the Diels-Alder reaction of 3-sulfolene (110) and maleic anhydridie (111, Partia!,re‘ductio‘n. '
'o'f- 112 to‘ the khown lactone 113 was accé’mplished (67%'by‘a vliiera'ture procedure, using

 lithium aluminum hy'dride at low temperature (-55°C).” | '

Lactones héve beén.shown to undergo ring 6penihg upon treatment with bromo-

or iodotfimethylsilang to give w-bronio- or iodo—trinﬁethylsilyi esters (Equation 5).%

~ ' e

(5
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Alkyl- t)romldes and |od|des in partlcular can be reduced selectively in the presence

of a varlety of other functlonal groups by treatment with tributyl- or trnphenyltln hydrlde e
By a combination of these two reactxons lactone 113 was. converted into c/s- ac:d'

41 14. Lactone 113 asca~solutlon in dry benzene was treated. first with' lodotrlmethylsnlane '

and-then wnh t_rlphenyltln hydride. -Workup. involving hydrolysis of the trlmethylsnyl ester

laqueous potassium fluoride)' and. distillation. gave cis-acid 114 in 43% yield from 113.

This’ one flask procedure avoided the necesslty of lsolatung a hydrolytlcally unstable
trnmethylsﬂyl ester However the low overall yleld "and the inconvenience and expense :
: mvolved in the use of nodotrlmethylsnane and trlphenyltm hydride on a large scale render

our modlfned luterature methoo preferable and we rout:nely made large (> 100 g) batches‘ L

of 1141in thls way
Converslon of cu-acnd 114 10 protected enone alcohol 120 was stralghtforward
and proceeded accordlng to the 'sequence of transformatlons prevnously outlrned in

/

Scheme 32

The first step mvolved conversuon of acld 114 to bromolactone 115/ In

conventlonal bromolactonlzatlons an alkali metal salt of an unsaturated aCld IS treated w:th

f 'oromme * In thls fashion, .cis- acrd 114 was dlssolved in aqueous soduum hydroxnde and -

treated wnth a solutlon of bromme in duchloromethane 11 After workup, a whlte crystatline
substance-was obtained in 59% yleld ‘The IR spectrum showed a carbonyl absorptlon

(1795 cm'1) characterlstlc of a 5 lactone Attempts were{ made to |mprove the yield of

“this reactnon modlfymg the. base {aqueous NaOH or NaHCO,) or the mode of addition .of

bromlne (neat, oor as a solution.in'CH,Cl,). Avarylng the reaction’ tlmeor'reagent proportlons,
all resulted in similar product yields (51 65%

Halolactonxzatlon has also been carned out under condutvdns of the Hunsdlecker

reactlon 1ol Accordlngly cis- acnd 114 was converted |nto lts silver salt Wthh was then .

. suspended in DMF and treated wnth bromnne 193 An exothermnc reactuon occurred and

lactone 115 was obtalned in 78% yleld (over the two steps) Thlsrsequence proved more

ef ficient than direct hal_olactonlzatlon of the acid itself.

e ——————————————

* For a reCent revnew of halolactonlzatlon reactlons see reference 101.

: ¢
KIS

L

W,



131

no.

For the dehydrobrommat:on of 115 to 116 1, 5 dnazabncyclold 3 .O]non 5- ene was

o
-

found to be effectuve provuded it was used 1a¥ refluxmg toluene ® Under%ese condmons

» pure 116 was obtalned in 84 yueld

Reduutnon of !actone 116 to diol 117 wuth Irthuum alumnnum hydr:de proceeded

‘ | 'moothly and in hugh yneld (92 AN

Selectnve oxndatnon of the allyhc alcohol of 117 was achleved wrth actrvated
manganese dnomde‘“ (CHCI,, 3 h at room temperature) and produced enone alcohol 118 in

85 % yeld, together W|th a small amount (3%) of ketone 118, a compound which anses

from an rntramolecutar Michael addmon ' LT

: ~Use of ether or benzene at reflux gave ynelds of O% and 16% respectlvely

T



o

Lo}

The course of thns Oxndatnon depended on the batch of manganese duoxnde Wuth

less actnve samples Ionger reactaon tnmes were requwed the yneld ‘of the des:red product

, decreased and the proportaon of byproduct rose *

Protectuon of the hydroxyl grOUp of 118 as its. trnmethylsnlyl ether proceeded

T smoothly under standard condmons to afford 120 (98 /o)

The tert- butyldnmethyls:lyl ether 121 ‘was also prepared (TBDMSCI |r'n'ida’zole',
: DMF)” but only m moderate yneld (57% -

LN

<

121

@
8

Attemptstd'make’ the benzyl. pr'otected enone alcohol i22 under 'condition's

; normally employed for th:s transformatlon (NaH PhCH,Br, THF) produced very complex_

»For example, in one expernment the Feaction requured 8h to go to complet:on and a 72%.
_yneld of enone 118 was obtamed together with 8% of 119. , ,



,mnxtures ‘Thns result was not too. surprusnng in- wew of the tendency of enone alcohol 118*
»to undergo mtramolecular Mnchael addntron even under the neutral condmons of the

manganese dioxide ox:datnon

WJth protected enone alcohol 120 un hand ‘we proceeded to mvestrgate nts aldol

.'condensatnon an -pentenal 180: Knnetlc deprotonatlon of 120 and condensatron wuth

e

:Aaldehyde 80 followed by quenchnng the react»on with - aqueous ammomum chlorrde L

S afforded aldol 123 (85%) as’ two partually resolvable (TLC) dlasteremsomers ina ratno of' - |

ln contrast to the aldol condensat:on of 2 cyclohexen ‘l-one (79) wuth aldehyde 80 ‘ '.
T,“’thus reactnon showed no dependence of duastereoselect:wty on the quenchung agent
When glamal acet:c acrd was used, the same ratro (1. 6 1 of d:astereonsomer% was
' -obtained. alth0ugh in. margmaUy hugher yreld (88 ,Also of_l_nterest was the fa;;,t that no
' dehydrataon products were isolated. S s - '
’ I_t .was posssble to separate . these aldof duastereo:somers ' by flash '
: chromatography 108 and to estabhsh that. both were. in fact the result of condensatuon from =
the less hnndered face of the enone The 200 MHz 'H NMR spectrum of the ma;or nsomer' !

showed the signal for H-Baas a doublet of doublets J=8, 5 5 Hz. “Irradiation of the H-1



»

B 1 LU ’%&

o resonance caused the sngnal for H- Ba to svmphfy to a doublet J 8 Hz Thns estabhshes
' J 8 8a as 8 Hz and g 1 Ba as b. 5 Hz for the major dnastereousomert S:mntar experurnents
' wrth the mmor aldol showed J 8 8a. to be 10 5 Hz and J-1, Ba 5 3 Hz The relatnvely Iarge
- <couphng constants J*8 8a for the two duastereonsomers ' suggest a trans-duaxsal
o relatlonshlp between H 8 and H~'Ba Hence H-Ba has - the stereochenmstry shown
-(compound 123) and aldol condensatuon must have occurred as éxpécted from the tess
hnndered face of the enone.. g -

The _ sumnlar and mtermednate J 1 8a couplmg constants for the two

R dnastereorsomers do not allow aSS|gnment of relatuve stereochemrstry at thns stage

: ,|ndeed the J values suggest that these compounds do not exist in mtran‘\oleCularly
hydrogen bonded conformat:ons ‘F‘Qure 5, - S : )

Flgure 5

ooy

Thns may. be a conseouence of the destabnlrz:ng effect of brmgmg the alkenyl sude

o cham closer to the tramethylsnylcxymethyl group as requrred for rntramolecular hydrogen .

bondang (anure 5) A s;mnlar explanatnon may account for the decreased tendency of aldol

"“123 to undergo dehydrat:on smce such a reactnon woul‘d lower the drhedral angle between
' the side chain and the bulky tnmethyls:lyloxymﬁhyl appendage (anure 6) 8 S

As .was prevnously duscussed -under. condmons of knnetuc control Z-enolates

usually favour erythro-aldol products and E-enolates favour the threo-rsomer 713 On the

basis ‘of these consnderatuons the ma;or aldol from thls reactnon ns predncted to be the

threo-aldol 123b o Y

-_ OTMS
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Smce “ftfhe; ﬂ':reo-usomer is  that reQuired for conversuon to the ;
'hexahydronaphthalene unn of Compactnn an attempt “was made to |mprove the

‘ dnastereoselectwnty of the reactnon It has been observed that £- enolates are often less

dsastereoselectuve in. aldol condensations than the correspondmg Z-nsomer (see for
exampIeScheme 35." s - RO o : s

'Schem_e35 o

The E-enolates derived from cyclohexanones, ere.particularly uneelective {equation

’



ot by

- (6)

R L “erythro co .Iahreo.'
B 82

A study of the var|0us metal counter |on5 has demonstrated that the highest level

of rhreo—dlastereoselectwny is usually obtained wnth a boron enolate (equatnon 7) 10°

| (7)
™M " . ) e_rxt/yro | N - threo ™ ‘ref.
AlMe, - 50 50 ~. o o8 - |
BICHaI(C,H, a . \\}796 _ 107

/ .
We therefore exammed the boron mednated aldol condensat»on of enone 120 with

»faldehyde 80. The hthuum enolate was ftrapped with chlorotnethylborane 109 and the

‘ }resmnng cyclohexenyloxyborane was condensed with 4-pentenal (80) Oxidative workup

((CH,),N. O)? and chromatography -atforded, in low yield (37%). what appeared to be a

bartially resol\iable (TLC) mixture of two diastei"eoisomers High field 'H NMR

,measurements however, demonstrated that the product was a much more complex

mixture, and so thls approach was abandoned

Since it was not possible at this stage  to assign unambiguous relative

configurations to the two aldol diastereoisomers, the mixture of isomers, and each

individual isormer, were separaielyfcarried through the synthesis.
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Protection of the aldol as its trrmethyl ilyl ether” 124 m the usual. fashuon gave good
~yields of product (84%). The material proved however to be extremely unstable towards
hydrolysis and a completely non-aqueous workup had to -be employed. This trnmethylsulyl
- ether 124 was also very sensitive to silica gel chromatography some decomposrtnon was
observed ‘even -on TLC analysis. .The high yields of _product achleved after
chromatography ~were probably possible only because of the use of the flash
chromatography technique.:®* in which the compounds stay on the column for only a short

-

E time.

,'/
,’/
. .‘//'
Attempted ozonolysus of 124 usmg the conditions found to be most effectuve for
, ,compound 89 m the model series- lO, in methanol, -78°C; tnmethylphosphlte workup)
reSulted@ com‘lete decomposition, and 50 a varuety of condltlons were agam eximined.

Ozonolysis 'in methanol, followed by workup with drmethyl suEdee similarly resulted in

product decomposmon Catalytlc hydrogenatron over Lindlar's catalyst or dmethyl

. sulfnde workup after ozonolySls in: dochloromethane appeared to slowly reduce the
.ozomde to’ the desired aldehyde 125 whereas workup with borahe -dimethylsulfide
‘complex or th: trlbutylphosphme gave no detectable (TLCl amount of aldehyde.
Ozonolysis. .in dichioromethane foliowed by reductive workup with tnphenylphosphme,
proved to be most effective for ,preparatioh of aidehyde 125. The reaction was
SOmewhat capricious however, and gave variable yields, generally between.55% and 86%
(average 69% over 9 experiments). These, aldehydes were quite unstable and

decomposed to white; insoluble solids within a few days, even when stored below 0°C -

under an atmosphere of argon.
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Intramolecular titanium induced carbony! couphng’ ¥ of enone aldehyde 125

‘ ‘proceeded in the same fashion as wnth'méde'l cofnpodnd 90. 'When the crude reaction .

mixture was filtered through Celite, the cyclized product was isolated as a mixture of =~

diastereomeric diols 127a and 127b in.73% yield.

Alternatively . if t'he reaction mixture was filtered through a ;Sad of Florisil, the
- product was isolated as a mixture of bistrimethylsilyl ethers 126a and 1265 (85%) which

could be-desilylated {83%) to the diols 127a and 127b by treatment with fluoride ion.* :

-

127

The diols could be separated chromatographically. As expected, the major isomer
proved.to be identical to the product obtained by carrying the major aldo! isomer (from

123) through the same sequence of reactions. Similarly the minor isomer fro’mthe‘djol
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mmure was |dentucal to the product obtauned from the minor aldol duasteremsomer (of
123). ’

Based upon their mode of formation. the two diastereoisomeric alcohols were

expected to possess the structures shown in Figure 7.

Figure 7

5

L4

_Comoound 127a is derived from the erythro-aldol 123a and compound 127b, is derived
~ $rom the threo—aldol 123b. | . .
| ln order to assign these structures to the individual product isomers and to
estabhsh ‘unafnbiguously that the compounds do possess the relative stereochemlstrues
shown a series of extensive NMR experrments was performed Summarles of the
ass:gned H NMR spectra of the major and minor isomers of 127 are shown in Tables 3'
and.4 respectively. The assignments for H-1, H-4, H-5, H-6, H-7" and CH, follow from a
coneideration‘of the chemica'i shifts and coupling petterns of these signals. The
assignments for the hydroxyl Pretans were made after D,0 exchange. while those for
H-2, H-3, H-7, H-8 and H-8a were made using selective proton decoupling in conjunction
vwith'the addition of enough Eulfod),-d;, to the sample. to resolve these signals. In the
case of the.major isomer,\f some measurernents were carried out in the presence of
trichloroacetyl isocyanate. These- last experiments also permitted determination of
diagnostically} important coUpling constants which are summarized in "I"able 5. |

" For both isomers, J-8, 8a was large and J-7.8 was small. These rnagnitudes

suggest, for both compounds a trans-dnaxnal relatnonshnp between H- 8 and H-8a and a -



5.96
5.68
5.61

4.25 -

3.84

3.22 -

2.88
2.47
2.34
2.14
2.00

1.73°

0.88

Table 3
'H NMR Data for the Major Isomer of 127

’
Multiplicity (J) '
d (9.5 H2)
/ dd (9.7, SHz\
br.s
| brs
*dd (10, 8.5Hz)'
br d (10 Hz)
brs
m
dm {1 1Hz2)
dtm(17.7, 5.3 Hz)
m ,
m
" d(6.5Hz)

Integration

1H
1H
1H
1H

H

1H
H
2H

2H

1H

2H
AH

3H

140

Assignment
H-5
H-6
H-4
H-1
H-7"
H-7"
OH
OH, H-7
H-3ax, H-8a W
- H-3eq
H-é, H-2al.i‘ .
"H-2eq
- CH,

. ui
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Table 4
'H NMR Data for the Minor Isomer of 127

, o
o Multiplicity (J) Integration Assignmenlt .
597 d (9.8 Hzl I H-5
565 | dd (9.5, 5.8 Hz) H H-6
551  brs H ' H-4
4.1v : 3 brs ; H OH
4.02 . brs ‘ 1H - OH
3.88-3.71 m 3H H-1, 2H-7"
2.33 ' mo s 2H ' H-7. H-8a %
224 Com e Y o 2n3 .
2.0 . dq(11.8.3.3H2 - M H2eq
1.78-1.63 m . ) 2H B, H-2gc

0.94 (d. 7 Hz) - | £‘3H %H, |

Table 5
Diagnostically Important Coupling Constants

For'the Major and Minor Isomers of 127

L
coupling constant major isomer minor isomer
J-1.8a small ) 11 Hz
78 * <7 Hz ca. 5 Hz

J-8.8a : -7 12Hz _ 11Hz
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an axra! or:entatnon(127a) : | . oo

confrguratnon of the four asymmetrrc

Y
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cis-relationship between H-7 and’ H-8. Thks conclusion therefore establishes the
stereochemistry shown'in 127 for C-7. C-8 and C-Ba. Proton H-1 in the‘major isomer has
no large coupling. whereas J-1,8a in the °‘m‘mor isomer is Iarge These data suggest that

. the major tsomer has H-1 equatorlally disposed (127b) and that th\e ‘minor rsomer has H- 1 n

- AN
w

o ) |
Fu'ther evadence for the stereochemuistry at C 1 was obtamed from the bC NMR

spectra of the two |somers The assigned 13C NMR spectral data for the major and minor

isomers of 127 are shov&n in Table 7. & :

Assngnments for the minor isomer Q‘ollow from 3 consideration of the chemical

shift and multnphcrty of the observed s»gnalz\’é'and from selective H decoupled ue NMR

spectra the results of which are summarized in Table 6.

Assignments for the ma;or lsomer also follow from chemical shift and multnplrcnty '

-¢consigerations as /ell as by analogy to the minor.isomer. - -

v

A5 with model compound 103 C-1 of the major isomer has a chemlcal shvft
(66‘: 3; ndicative of a cyclohexane carbon bearmg an axuai hydroxyl group. 94 By
contrast the corresponding signal for the minor isomer is at a chemrcal shnft (571 3)
characteristic of a cyclohexane carbon bearmg an equatorual hydroxyl.®*

On the basuslof these NMR .data, the major isomer has the relative stereochemrstry

defmed by the formula 127b, and the minor isomer the stereochemnstry shown in ‘127a.

This conclusuon also mdlcates that: the aldol condensatlon used to form 123

A
wu-'t'

favoured the threo- aldo! 123b over the erythro aldol 123a

' The maJor product of the"s _'ce (127b) possesses the correct relatlve

rs in the hexahydronaphthalene portlon of
Compactm it has been r»eported in the hterature that’ ketones such as 128 can be reduced
stereoselectrvely to- alcohols ‘129 possessmg the des:red C 1 a-stereochemrstry w»thv

either L-Selectride (R = TBDMS)“ or K- Selec:;tnde (R = CH,CH,OCH(CH,)OCD;&CH,)“’.
s o G e e ke




F\Q .5  Tables
Results of Selectlve 'H Decoupled C NMR
' Spectra’ of the Minor Isomer of 127
Proton Dec0upled g | Be ngnal (6) Enhanced
3/ 132.8
H-4 | - 127.9
i H-5 124.6 '
H-2; H-8 45.1, 32.3
H-7,H¥8a / 41.9,34.8
Tabie 7 :
Long NMR Shlfts (5) for the Major and Minor Isome(s
‘ ’; of Compound 127
Carbon .~ ’ | Major ‘lsome@_ . Minof Isomer
1 '65-‘.3 (d) - 71.3(d
2 28.6( 3230
3 2040 25.0(
4 | 123.9) 124.6 (@)
4 . 13360 135.3 (s)
5 . 12860 127.90
6 13215 (d B 132.8 (d
7 333w 3480
8 BRI 406 (df EB )
8a .. 3Bew@ 419
7 | 65.51) . | 66.1( 17
cH,' ¢ 148 ° ) ) 15.3kg) i 3
These a.SS|gnments may be mterchanged. 'W '
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In prmcuple therefore, n should be poss:ble to ad;ust the stereochemastry of the minor
isomer 127a at this stage by a route- (Scheme 36) mvolvmg selectnve protecnon ‘of the
“primary {C-7) alcohoi Oxndatnon ‘of the secondary (C 1 alcohol to a. ketone and
stereoseléctvve reductuon followed by deprotectnon to afford 127b.

- Scheme 36

1270

Ha\)ing‘ completed the - synthesis 'of.‘_ ; , represehtmg" the'

’ hexahydronaphthalene portuon of t)-pompaCt;n,
corresponding portron of Mevinolin. \_ :
% o v ‘ . ) ' \"r |

e

di-our attention to the -

.- C. Preperation of the Hexahydronaphthaleﬁe Portion of 'MeVi'nolin
Mevmolm has an additional chiral center (C-3) when compared to Compactm so

that our target molecule was now diol 138a.
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This was-to bQ,,COnstructed from enone 120 and the chiral aldehyde 135

¢

»

ThIS aldehyde was prepared in our Iaboratory* by the route outlnned in Scheme 37 :
— Optlcally actuve {S)- Cltronellol (130) was protected ‘as its acetate 131 and then -
ozonized using a reductlve workup followed by Jones oxldatlon The resultlng acid 132,
'obtalned in 60% overall yield. was ‘treated with lead tetraacetate and Cuprlc “ion! to give
alkene 133 in 72 yleld (90% based on non- recoveréd startlng materlal) Hydrolys:s of the
‘ acetate and Colllns oxidation completed the route (o] aldehyde 135 #x
Kinetic deprotonatlon of enone 120 and condensatlon w1th chiral aldehyde 135
afforded l62%l an aldol product .which was dnrectly protected as its trlmethylsnyl ether

5

_under the usual condm%to afford compound 136 (81 @as -a- mixture, of four

diastereoisomers. - b

‘Ozonolysis in dichloromethane (-78°C) foliowed by reductive- workup with
trnphenylphosphme (60%) and cychzatlon usnng Iow valent titanium® ¥ afforded (67%)

bistrimethysilyl ether 137 also as a\mlxture of four diastereoisofners.
: v :

»This work was done by Dr. S. Selvaraj 0 :
wxAlcohol 134 has been prepared by a similar route.}’s v S
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4 Scheme 37

i

C

J-‘03 MeOH -78°C
2. (Me0),P

Ac,0 .
NaOAc _1405c :

.93 %

3. Jones oxidation
0% T

L4

; B2
- : : Pb(OAC)a‘ =
‘ . * . . 2+
13_0 ) B 131 o : . G opy -
‘ - . . S ) benzene 80%°

ny o

E . Collins oxidation 10% . KOH
. < ) . - » ‘
- © 904 aq-MeOH  64°C
. - L.
61 %

i el
.\?'_‘:}“
%y

Desiylatién to diol 138 was accomplished (94%) by brief treatment
N tetra'b_'utylam‘monium fluoride.‘”" "

i
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Thus compound -too0, appeared to be a muxture of four dnasteremsomers
presumed from the mode of formalnon to have structures 138a through 138d. These- are\ :
the result of dnastereo:somensm ’n the aIdoI condensatuon (wnth respect to centers C-1
vand Cr8a) and dnasteremsomerasm from reactmg an optucally active -aldehyde wnth a

racemic enone (producmg dnastereorsomers W|th respect to C-3 and the four other

asymmetric.centers). AR . o

L4

~In order to’ 4stabhsh whether or not racemnzatnon at C- 3 occurs. durnng this
sequence and in order to prepare the hexahydronaphthalene portnons of Mevnnolnn and

Compactm in optically active form the sequence must be repeated usmg a chiral enone -

correspondnng 1o 120. "Work presently underway in our laboratory is. dnrected towards o

=)
ST

such an enone - : o : ' o
At thrs stage. we began model studues related to Jommg the top and bottom
* portions pf Mevinolin and Compactnn '

Q
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D Model Studles on the Couplmg of the Lactone Unit to the Hexahydron-phthalene a

Portlon of Mevmolm and Compaetln

’ As a suitable model compomd for the right hand rmg of the blCVCllC portuon of .

- Mevmolm and Compactm we ‘chose: alcohol 139.1 This. compound was readuly available in

large duantlty by lithium alummum hydnde reduction of cis-ester 108 {99% yieid). ,The

latter was an intermediate in our synthesis of enone 1 20. )

A

i

139

Our mmal experlments were desvgned to evaluate the feas:bnlnty of the process
summarlzed in Figure 8 asa ‘means of adding the lactone umt to the bleCllC portlon

. »

\ Alcohol 139 was first converted nnto bromnde 140 (78%) by the actuon of
(PhOl P.Br, in the presence of pyndme wis’ '

e

A W

e

Attempts" to prepare an alkyllithium reagent from bromide 140 were uniformly V
unsuccessful. No reaction was observed upon treatment with metallic lithium. When

llthnum-halogen exchange''* was attempted by addang tert-butylhthnum (THF -78°C)--to~ '

bromide 140 and the reSultnng solution was treated either with ethylene oxtde or wnth the

EA

lactone Synthon 78. no coupled products were detected

{

-

~Treatment of the aicohol with PBr, in refluxung ether resulted inan 11% yleld of 140



Figure 8

4

Attempts to prepare & Grignard reagent frpm brohidej 140 also failéd under a
v'anety of conditions. eved when sp'_'ecyially a'ctivat'e'd'fornﬁsbf‘ ma‘gne.sium‘ were used.!s

We turned our attention therefore to~sta5i‘lized anions for the coupling reaction.
Alcohol 138 was . treated with diphenyl Adisulfide and tributylphosphine -in. DMF ¢ and

phenyl sulfide 141 was formed in 93% yiélld. -

PhS

L)

&

This compound could be oxidized to sulfoxide 142 (94%), as a mixture of.two .

.diastereoisomers, with aqueous methanolic sodium metaperiodate !’
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Sulfoxnde 142 was deprotonated (n-BuLi, THF) and treated with a large excess of
ethylene oxide.” Alcoho! 143 (as a mixture of four duasteremsomers) was isolated in 55

" yield (64% based on recovered starung material).

a

B

"2 - RN
Reductsve removal of the sulfoxude to afford alcohol 144, was accomplished (72

by treatment of- 143 w:th Ilthlum in ethylamnne m

Unhke thns sequence with ethylene oxide. we found that our lactone'synthon 78
does not react w»(h the anion derived from sulfoxide 142 and can be recovered unchanged
under a varnety,of conditions . ‘

Sulphone 145 made from sulfoxlde 142 by the action of an excess of
aqueous-methanolic sodtum metaperiodate, proved to be no more reactuve towards

epOxnde 78 than sulfoxide 142.# -

-

“s

#*These expernments were performed by Dr. M. Majewsk..*

A
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We therefore’prepared a modified lactone synthon iodide 146 but it too was

=h
inert towards the anions derived from sulfoxide 142 and sulphone 145 »

The anions made from 142 and 145 exist in a sterically crowded enwronment
‘ POSSibly it is this characteristic that renders them unreactive towards epoxide 78 or
iodide 146. In this connection, we did find that a sterically less demanding electrophiie
such as methy! iodide did alkylate sulfone 145.% in further work, the anion derived from
sulphone 147 was alkylated by iodide 146 as shown in Scheme 38 (which also summarizes
the procedure developed in our laboratory * for elaboration of the B hydroxy- d -lactone
system). B / .
‘ Tne. less eteriCally hindered environment of this sulfone anion undoubtedly is a
factor in the ennanced reactivity relative to anions derived from 142 and 145,

4 We consndered that if formation of the C-6.C-7 bond (Figure 9) was. not pOSSibie
for steric reasons, then. formation of the C-5° C 6’ bond might be easier because this

bond is more distant from r\egions of steric congestion

Our overall ~synthetic strategy readily .accommodated the changes needed to

implement this idea and a modified approach is shown in Scheme 39. )
| Preparation of the B-hydroxy-5-lactone from triol 148 would be accomplished n
the fashion previously demonstrated ih Scheme 38. The second center of chirality in the
lactone portion would be mtroduced by iodocarbonation of homoallylic alcohol 149'¢ and
the C-5°,C-6' double bond could then be formed by a Wittig reaction. Y-Hydroxy Wittig
reagents "such as 150 have been,prepared by the action of lithiated phosphorus yhide 151
on epOxides 120 2Rd a suitable epoxide 74 wids actually an intermediate in our preparation

of lactone synthon 78 (Scheme 27)

. #These experimenfs were performed by Dr. M. Majewski. ¢

'
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Scheme 38 ‘ y

KH, DMF,
0%
\_ cHon
.
w , .
— TMS! -
T73%
Ag,CO,
20% HO

" Figure 9
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- s
Scheme 39

150 _‘ , ' - 151
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To test this methcd for appendmg the ltctone portion to the bicychc unit, we .

chose aldehyde 154 as a suitable model

154

4

This compound was pl":parédl from bromide 140 by re;ction with an acyl anion
equivalent. T S

Treatment of bromide 140 with Na,Fe(CO),'*? did provide some ardehyde 154,
However. as has been noted previﬁus'y,”’ we found it imgossible to sep‘ara”te the desired
aldehyde 154 from coloured iron containing byproducts.

A modified p'roicedUre using a polymer supported NaFe{CO),” reagent'*' was also
unsuccessful; the aldehyde was obtained impure and in low yield.
- A number of sulfur gtabiliied anions have been used as nucleophilic acylating

agentsi? 124 and we exammed two of these. When 1,3-dithiane'? was deprotonated and

- treated wuth bromade 140, the alkylated dithiane 152 was obtained (49/0)‘

ﬁ“ﬁt empts to" hydrolyse thus compaund to aldehyde 154 with HgO-BF,.Et, O or
| Cu}C‘[;ﬁT_;*” proceedqd poo;ly -and so 3 tecond sulfur based acyl anion equuvalent was

Ly ~
: M c oy : . !
w N . N . -
> " . . ) . o
, ,

B N

v é

oq

€ “°
i : P . : 1
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(Methyisulfinyliimethyithioimethane'’ was alkylated with bromide 140 to atford

compound 183 in 63% yieid. as a mixture of four diasterecisomers. This reaction

proceeded only when HMPA was added together. with bromide 140.

153

.

Hydrolysis of 153 under the standardcondit:oas (HCIO,. THF1 Y produced aldehyde

154 efficiently (81%).

“

With the mode! aldehyde in hand. it was possible to examine coupling with epoxide

74 {Scheme 40).
Scheme 40

Ph}ca. [ '

4] ke *

')(;‘}

150

Lithiated Wittig reagent 151 was generated, and _trﬂeated with chiral epoxide 74

“ .
using the literature procedure.'** The resulting 'Y-hydroxy Wi‘itng reagent 150 was treated



o

©units.

. . - ’ 156
' o . o . . N
o ' L S L B

1"y

wrth aldehyde 154 and the coupled product 155 was obtalned (26%) as a mixture of

dlastereousomers The reaction is expected to produce a trans double %nd 120 13

’however it was unclear from>the NMR spectra whether or not this. was the case. The:

yleld by this- procedure was not optmized since “algehyde 154 represents only a model of
the hexahydronaphthalene system The reaction does however illustrate a possble

approach for joining the lower portion of Mevinoplin or Compactin to a unit which can. in

principle, be elaborated to the B—hydroxy- o -lactone. .

E. Conclusions

+he results described in this thesis demonstrate a) Our annellation approach Is a

successful ohe for preparation of the hexahydronaphthalene portion of Compactin and of
- . ) v . . N . ) '
3 compound possessing the ‘general features of the correspOndlng portion of Mevinolin. -

In prmcnple this route should also be appllcable to preparat:omqof analogues of these'

compounds. bl Our orlglnal proposal for attachment of the lactone un|t to the bicyclic

portlon by formatlon of ,the C-6'.C-7' bond requared some modlfncatlon but the overall

/s

- plan was. sufficiently flexnble to. accommodate the: necessary changes A route based on

' formatlon of the C-5 .C- 6 bond shows deflntte promise as a means of coypllng the two

N 4
7
/

On the basis of these fmdmgs the follownng synthet;c route (Scheme 41) suggests
itself.  Further work. to. reduce this scheme to practlce will lnvolve al Preparatlon of .

. cis-acid 114 in optlcally actlve form b) Conversron of 114’ mto homologated acid 156 and

elaboratuon of this to enone 157 lby a route analogous to’ our syntheSIs of enone 120)

¢ Use of our annellation approach to prepare the blCVChC compound 158. d) Coupling of:
this’ unit to chiral epoxide 74 to prowde homoallylic alcohol 158. e) Induction of the second

center of chlrallty in"the lactone portlon lby lodocarbonatronm) to afford 160, and

f) Elaboratlon of this compound to the natural products

v

Finally, the flexibility of thls strategy is such that the order of some of the steps

m'ay be inverted. For example, the lactone unlt could be added to the right hand ring of,

the bleCllC port|0n before anneliation of the left hand ring.

Work along these lines is presently underway in our laboratory

B
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. " Scheme 41

157

RIEN



.H)

Il EXPERIMENTAL

General. In addmon to the general remarks made In Chapter 1 of this thesis. the.

followmg partnculars apply Spmmng band dlstruatuons were performed usnng Perkrn Elmer

" mode! 151 or 251 annular stills. . Silica gel for flash chromatography"‘“ was Mer.ck‘ type‘ |

60 (230-400nmesh ASTM.. . The columns used for vapour""phase chromatographuc,

analyses were 10% Apiezon L. 2% KOH on acid washed Chromosorb W (80-100 meshi.
0% CarbO\vNax, 20M on acid washed. “dimethylchlorosilane treated Chromosorb‘W

(80-100 mesh! 10% QF 1 on acid washed drmethylchlorosilaneﬂtreated,Ch'romojorb 9%

180-100 rnesh). For 'C NMR spectra carboh mumplicmes,"where rep'orted,(h%vere -

determined using the Spm Echo Fourier Transform technique with gated proton

decoupling.}®

¥

Materials.  Dry benzene 1 2-d|meth‘oxyethane (DME), ethe‘r and tetrahydrofurah (THF)
were distilled: mmed@tely before use from sodium and benzophenone ketyl Dry
diisopropylamine, tnethylamme chloroform dnchloromethane pyriding,

chlorotrumethylsrlane and toluene were dnstmed mmedsately bee:‘ore use from calcium
hydride. Dry hexamethylphosphornc traamnde (HMPA) and d»methyl formamnde (DMF) were

distilled from calcium hydr:de under reduced pressure (0.1 mm and 15 mm, respectxvely) .

‘Dry methanol- was distilied" 1mmednately before ‘use from magnesnum Deoxygenated' v

water methanpl and ether were; obtanned by bubblmg argon through the solvents for 20

mi‘n.- Commercnal (Aldrnch) solutions of n-butyllithium in - hexane, Sec-butyllrthlum n
R »

i eyclohexane . and tert butylhthnum in pentane were tltrated before use by the dnphenyl-v

acetnc ac:d method.!¥? Tetrabutylammomum fluorude was purchased as-a 1 M solution In

,THF and was used- at the stated concentration. Commercial (Aldruch) TiCl,, Zn-Cu couple

{prepared by the literature procedure®), and Na,Fe(C@). were stored under argon and -

transferred to rea tnon vessels in a glove bag under argon. Dry CrO, was stored in a
_

desvccator over Drierite prior to use. The followmg compounds were prepared by the

' procedure given in the literature cited: Iodotrumethylsalane 133 triphenyltin hydrude, 100

Lindlar’s catalyst ( d/CaCO,), 1 and anhydrous MgCl, .}

158
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, . ! . o . ﬁp} ‘
l e v -
4-Pentenal (80). ‘f‘ ‘ oo A L

a) From 4- Pentenol (81). The ~general procedure of referenc‘e 70 was used Dry
Cr0O. (60. OO g 0.600 moll was added toa mechamcally stirred solutuon of dry pyrudme 97

mL. 98 g 1.2 mol in dry CH.,Ci.11.5 L) cooled in ice. The rmixture was stirred for 15 min
i

'protectlon from mosture by a Drierite tube) and then 4-pentenol l81l in dry CH, Cl ica. 10'

ml_l was added N ohe portion. The mixture was stlrred for -3 furth&r 15 min-at room

temperature an¢ the solution was then decanted from the residue wh»chfwas washed with

ether (2 x 200 mL). The combined organic solutuons were washed wrgh 5 NaOfG t3'x B0O

mL). 5/: HCl (500 mL! saturated NaHCO (500 mL;.and saturated NaCl ‘500 mL}. The :

.organic solutlon was' dried and concentrated by distillation through-, 2 20 cm \llgreux

mol, 36°% bp 104‘C {iit:” bp lO2 lOtl"Cl of greater than 98° purlty VPC Apiezon,

rlOO Ci. Less pure fractions were combined to glve moreé product 801(1.27 g 0.0151

lCD\lOO MHz! & 9.84 (t, J = 15 Hz, 1H. 5.88 m. 1Hi, 5.28:4.93 im. 2H. 2.73- 2 24
(m. 4H1. 'C NMR (cocl.. 22.6 MHz) 0 201 91365, 115.8, 42.8, 26.2: IR (film) 1725
1643 cm! ‘'exact mass. m‘’e 8B4.9576 (calcd for C, H 0. m/eB84. 0570l

b) From 3- Ethenyloxy 1- propene. (82) The procedure of reference 71 was used,

~with some modlflcatuons A mixture of 1- ethenyloxybutane (778 mL. 90%.°602 g. 5.4

dlstnlled carefully through a 60 cm Vigreux column the dlstnllate with bp less than 65°C

emg collected After 6 h another portlon of mercurlc acetate (5 g. 0. 02 moll was

added and dlsullatroh‘was contnnued overnlght The materral collected (336 g) was found

_(VPC QFt, 50°Cl td contan “3- ethenyloxy 1 propene (82) (53%) and an (mpurrty (45

determlned (by NMR and ‘VPC) to.be l-ethenyloxybutane This result is contrary to the

reported™ observatlon that the product is an azeotrope of (3- ethenyloxy) 1- propene (82)
and:2- propen 1=0l. The ‘most efl‘lment means of removing the 1- ethenyloxybutane was
found to be recycllng of the total reaction product: 2- Propen 1-0l (130 mL, 11 l;g 1.91
molj and mercuric acetate (2 g, 0.0 1molj were added and distillation was carrueg out as

before. .The product (246 g) was found-to contain less than 8% of 1-ethenyloxybutane

(VPC; QF 1, 50°C) and so-it was washed with water (100 mL), dried. and redistilled to give

column. The res:due was distilled (spmmng bandl to give 4-pentenal (80; (3 02 g O. 0359 '

‘mol 15% of greater than 80°% punty (VPC. Apiezon, 100¢C). 4-Pentenal ‘80) had NM@ xj’a '

/ .

moli, 2 propen- 1- ol (270 mL. 231 g. 3.98 moll and mercurnc acetate (5 g. 0.02 rqoll was .
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3-ethenyloxy- 1 ;?ropene 182) (209 g. 2.48 mol. 46° %l of greater than 95% purity VPC,
QF 1. 50°C wh.cp had NMR (CDCt. 200 MHz) & 6.27 (dd J=14. 7 Hz. 1H.46.95 (m. 1H).
5.40-5. 15 m zH. 4.28-4. 10 (m. 3H 4.05 (dd J = 6 2 Hz. TH) °C NMR (CDCI,, §0.32
MHzi & 151 ;3@ 133200 117.1 8691t 68.8t R (filmj 1635, 1615 cm” exact

mass, m: e 84 0576 icalcd for C.H, O.m e 84 0575»

. 4-Pentenal ‘80). " This compound was pr’epared by the pyrolysis- of 3-ether'1y2365<y-1-

4

propene (82;‘accofdnng to the literature procedure except that the yield was' usually
lower (ca. 70 o) and the. product less pure lca. 70°o) (VPC: Apiezon, 100°C) than reported.

4-Pentenal (80i of greater than 99% purity (VPC. Aplezon 1OO C) could be obtained from

;o

i

this materxal by splnmng band distillation.
\

(R+,R+)- and (R+,5+)-(£)-6-(1-Hydroxy-4-pentenyl)-2-cyclohexen-1-one (83) and (£)- and

(2)-6-(4-Pentenylidene)-2-cyciohexen- 1-one (84).

a) Using an NH,CI Quench4' A solution of n-butylhth@{jn hexane'(1,48 M B8.15 .

‘mL. 12.1 mmoli was added slowly to a stirred solution of dry diisopropylamine (1.68 mL), ‘

1.21 g- 12.0 mmol in dry ether (20 mL. cooled to 0°C. The solution was stirred at this

temperatu'e for 10 min-and was then cooled to -78°C. 2-Cyclohexen-1-one (79) (0.964

mL. 0. 961 g. 10 O mol» was added dropwuse over ca. 10 min. The solutuon was- stnrred at

this temperature for 30 mm and then 4~ pentenal (80) (1.2 mL, 1 02 g 12 mmol) was added
in one portion. follq)Wed after 10 min by saturated NH,CI (10 mL). The mixture was

‘r’emperature the layers were sepa'ated and the aqueous phase was

warmed to.room
extracted wnth ether (3 x 15 mL). Thé combmed ether solutnons were dried and
concentrated. Flash chromatography of the residue over silica gel (15 x 5 cm, 31

hexane-ethyl acetate then 1:1 hexane-ethyl acetate) afforded two prqdects. Qﬂugelr‘ohr

* distillation (130°C. 0.35mm) of the material of higher Rf. afforded dehydration product 84

0.31g. 1.9 mmol. 19%): NMR (CDCl,, 200 MHz) & 6.97 (dt, J = 10. 4.Hz, 1H), 6.64 (tm. J
=7.3H; 1H). 6.12 (dt, J =10, 2Hz 1H), 578(m 1H), 5.13-4.90 (m, 2H 269(1 J=6
Hz, 2H), 2.53-2.10 (m, 6H); l~C NMR (CDCI,, 50.32 MHz) showed the presence of two
isomers. The major Slgnals in the spectrum appeared at 0 188 3 149, 3, 136. 9 130 7.
115.3, 32.7, 27. 1 24.9, 25 6 Also present were miner signals at 5137 4, 134. 6 and

1
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114.9 which may mdrcate the presence of a geometrrcal isomer - |R (film) 1675 1'6740,v
‘ 1630 1615 cm*), exact mass, m/e 162.1044 (galcd for C,,H,,0. m/e 162. 1045) Anal.
| Calcd for C,H.,O0 C 8144 H. B8 70 Found C. 81.68 H 8.86. Kugelrohr
| dlstnllat:onHAO”C 0. 35mm) of the product havq\,g Iower Rf gave gave aldol 83 (1.00 g
- 5.55 mmol, 56%1 as an apparently homqgeneous (KC s;hca 3 1 hexane-ethyi acetate) orl
NMR (CDCI 400 MHz) showed two dnastereo:-gner;m aratio of ca. 1 1.6 7.02 (im, 1
6.04 (m. 1H), 5 87 (m. 1H). 5.16-4.87 (m. 2H. 4, 20 1. 0. 5H;.»4.05 (d. .J 3 Hz. 0.5H.
3‘92 (m. 0.5H). 2.59 (d. J = 6Hz, 0.5H), 2.561 ,95 o GH_)..@SHBS_ m. 3H), 1C NMR
CDCI,, 22.6 MHz § 150.8. 150.7. 138.3, 130.2, 128.9. 114.9. 114.7 712 69.4,

51 6 33.0. 32.2, 30. 5, 29.6. 25. 9 25 2. 22 6 * IR (film) 3450, 1660, 1620 cm:!;

exact mass, m./e 180.1146 (calcd for C“H“O, m/e 180.1 150). Anal. Calcd for
C,,H,.0, C. 73.30. H, 8.95. Found C. 73. 36-H$9 10. .
b) Usmg an Acetic Acld Quench. A solutlon of n-butyllithum in hexane (1.47 M.

3.74 mL. 55 mmoll was added dropwnse to a stvrred solutuon of dry dnsopropytamme
(0.85 mL‘, 0.61g. 6.0 mmoll in dry ether (10 mL), cooled to 0°C. The solution was stirred ~
at this temperature for 10 min and then cooledi to ~78°C. 2-Cyclohexen-1-one (79) (O.482u
moL, 0.481 g, 5.00 mmol was added dropwise over ca. 10 min. The solution was stirred
‘at this temperature for 1 h,»ther’u 4-pentenal (80} t0.59 mL, 0.50 g, 6.0 mmoll was added in
one portron, followed after 5 s#x by glacial‘\acevtrc‘acid (0.86 mL, 0.0 g. 15 mmol). The
"m(ixature was warmed to room temperature and was then diluted with water {10 mL). The
o _Iayers were separated and the aqueous phase was extracted with ether (3 x 5mLl. The
combmed ether solutnons were drned and evaporated Flash chromatograpdy of the
resrdue over silica gel (15 x 2 cm, 17:3 hexane ethyl acetate then 1:1. hexane-;hyl
acetate), and Kugelrohr distillation (130°C, 0.3 mm) gave‘ aldol 83 ‘(57'7 mg. 3.20 ‘'mmol;
'64%) as an apparentfy homogeneous (TLC: silica. 3‘1 hexane-ethyl acetate) oif- NMR (CDCl;,
. 200 MHz) showed two diastereoisomers in ‘a a ration of ca. 2:1. 6 7. 02 {m 1H) 6. 10’_5/7/1
(m, 2H), 5. 19490(m 2H), 4.20 (m. 0.33H). 4.07 (d. J = 2 Hz, 067H ). 3.92 (m, 0.67H),
271d. J=6 Hz 0.33H), 2.64-1.90 (m, 6H), 1.80-1. 37 (m, 3H). Upon D O exchange

the s;gnals at O 4 07 and 2.71 disappeared. The signal at 04.20 sumphﬁed toa doublet g
_ e 5 |
*Not all of the signals for.the two dsasteremsomers appear in this spectrum.

#*Quenching the reaction after 50 s, 5 min or 10 min afforded very similar yields anb
dnastereoasomer ratios.

t
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of triplets J = 9.6, 3.2 Hz and the signal at 5 3.92 simplified to a doublet of triplets, J =

3. 3 7.5 Hz. Upon xrradnat:on at 6 1.64. the signal at 6 4.20 smphf:ed to'a doubiet U 3
3 Hz and the sugnal at 6392 smphﬂed to a doublet J= ‘3 Hz BC NMR (CDCI,. 50. 32
MHz) showed two sets of signals whnch could be separated on.the basis 6f peak heights.

The major 1somer had. & 202.6 (s, 150.5'(d), 138.1 @, 129.3 (). 114.2 (ti. 70.5 (d.

' 51.3(d). 324, 29.0 (). 25.3 (1), 24.4 (. ‘The minor isomer had 6:201.0 (s). 150.3 (d.
137.9 (d), 129.6 (d). 114.3 (1), 68.4 (d, 5"1.3_(6)'. 33.0 (t, 30.0 (1. 25.2 (1), 22.0 (1. Some
dehydration product 84 was detec.te‘d (TLC) In the .crude reaction mixture.. but":y‘ga:s‘} not

\ : Ty
isolated. .

(R+.R+)- and (R+,5*)-(+)-6-(1-Acetoxy-4-pentenyl)-2-cyclohexen-1-one (85). - A solution
- of aldol 83 (218 mg. 1.22 mmol}.in dry pyridine (2.0 mL, 1.96 g. 25 mmol) and acetic
anhydride (2.0 mL, 2. 16 g. 21 mmol) was stirred .at room temperature for 4.5 h, diluted

with ether (25 ml); and extracted ‘with water (2 x 10 mL), and saturated NaCi (10 mL) The

ether solutoon was drued and evaporated. Flash chromatography of the residue over silica ‘
gel (15 x 1-cm, 3:1 hexane-ethyi acetate) and Kugelrohr dnstnllatnon (100 C 0. 25 mm} gave -

acetate 85 (2 45'emg 1.10 mmo!, 90 %) as an apparently homogeneous (TLC; silica, 3:1

hexane-ethyl acetatel oil: NMR (CDCl,, 100 MHz) § 7.12-6.82 (m, 1H), 6.13-5.60 (m. 2H),
5.60-5.32 (m. 1H). 5. 18-4.86 (m .2H), 2.88-1.48 (m, 12H containing singlets at 0 2.06
and 2.03): °C NV <coch §0.32 MHz)* § 198.0(s), 197.9(5).170.2 (5], 170.0 (s), 149.7

(d). 148.4 (d!, 137.4 (di, 137 3d. 1298(d) 1296(d) 1'148(t) 1147 (1, 72.3 (d), 70. 7/ -

(d). 49.6 (d), 49.4 (di. 31.3 (i, 30. 0 (t, 29 49 {t), 29 45 ), 25 2 {t), 24. 8 ), 23.2 (t) 22.9
; /

{ti. 20 9 @ 20 7 (q)‘ IR (film) 1735 1675, 16,40,. 1620cm!; exact mass (no M) mie

179.1075 (calcd for C,H,,0; (M C,H.0)., m/e 179.1072). Anal. dalcd for C,;H,,0,: C,
7024H816 FoundC7018H813 : I

- (R=.R+)- and (R+,5%)- (t)_-'Y-Acetox,y22-oxo-3-cyclohexegp-‘i¥butanal (88). Ozone was
bubbled through a solution of acetate 85 (305 mg, 1.37 mmol) in dry rhethanol-CH Cl, 6

mL of 1 1} cooled to 78°C untul sta ting material had dnsappeared (TLC: silica,’ 1:1

»

hexane ethyl acetate). Dlmethyl suiﬂde O 5 mL 0.4 g 7 mmol was added and the

vsolutnon was.left at ro ¢ mght «Eva oration of the solvent and flash
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chromatography of the residue aver silica gel (15 x 2 0/4. 1 r*exane"ethyl acetate) gaven
‘aldehyde 86 (226 mg. 1.01 mr_nol,, 74%) as an apparently homogeneous (TLC: silicé, 11
hexane-ethy! acetate) oil *x NMR (CDCI,, 100 MHz) 6 9.82 (t. J = 5 Hz, 1H), 7.15-6.87 (m.
1H), 6.09 and 5.99 (2 q. J = 10 Hz. total integration. 1H. 5.61-5.32 im. 1H), 2.94-1.56
(m, containing singlets at 0 2.06 and 2.04. toia} integration, 12H), 13C NMR (CDCl,. 22.6
MHz) 6 201.2, 198.1, 170.4, 150.0. 149.8, 129.5,‘ 129.8 72.3. 70.5, 49.9, 49.7,
40.8, 49.2, 25.4, 25.0, 233 23.0, 21.1, 20.9; IR (film) 1735, 16'{'5, 1620 cm!, exact
mass (no M-). ‘m/e 164.083.1 (calcd for C,,H;.0, IM- C,H,0,). m‘i'/e 164-.0837).

Attempted Preparation of (1, Baa); and (1, 833)- (£)-1, 2, 3,7, 8, Ba-Hexahydro-1-*~
naphthalenol ‘Aceta'te {87). The g'ene‘ral procedure of reference '8] was used. with
some modifications: Dry DME (2.0’m~L) was addéa toa mix'ture of TiCl, (1.14 g, 7.39 mmoll
and Zn-Cu couple (1.00 g. 15.4 mmol) and the resulting:-slurry was heated at reflux for 1

h. A solution of enohe aldehyde 86 (78.0 mg, 0.348 mmol). in DME (20 mL) was added by;
| motor driven syringe pﬁmp over 10 h, and then theymixturg was heated at reflux for an -
additional 12 h period. The mixture was cooled to room ter.nperature and filtered through’)
- a pad of Fiorisil {2 x 2.5 cm} which was then washed with ether {ca.-160 mL). The filtrate _
was concentrated to afférd an oil whnich appeared (TLC: silica, 3.1 hexane'etvhyl acéi‘a'te) to!.
be a complex mixture 6f products. iR (film) showed weak -OH (3450 cmY) and C=0
: (1740 cml) stretches. . ‘
f: T § ‘
- Attemptéd Pfeparation of (R+,R+)- and (R',S’)-(:.*.)-S-H-(Methoxymethoxy)-d—pentenyl)-
2-cyclohexen-1-one (88). _ | | |

- -a) A solution of n-butyllxthium in hexane (1.64 M, 3.05 mL, 5.03 mmol) was added

dropwise to a stirred solution of dry diisopropylamAir;e (0.77 mL, 0.56 g. 5.5 mmol) in dry
éther {10 mL), cooled to 0°C. The solution was stirredeat this témperature for 10 min and
then was cooled to -78°C. 2-Cyclohexen-1-one (79) (0.482 mL, 0.481 g, 5.00 mmol) was . .
added dropwise over ca. 10 min. The solution was stirred at..this temperaturé for 30 min,
then 4-pentenaw.49 mt, 0.42¢g, 5.0 mrhol) was added m one portioh, followed after

5 s by chloromethoxymethane (0.75 mL, 0.80 g,ij mmol), also added in one portion.

_%This compo’und«decvomposed at 160°C (0.3 mm), upon attembted distillation.
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The solution was stirred at -78°C for 1 h: however, only the aldo! product was detected
by TLC (sihca. 1 1 hexane- ethyl acetate) and so the solutnon was warmed to room
temperature. At this point no aldol product r'emarned (TLC). The solution was poured Into
water (20 mL) and extracted with ether (3 x 10 mL). The .combmeétther solutions were
dried and concermtrated.. Flash chrorr\atography of the residue over silica gel (15 x 3 cm.
3'1 hexane-ethyl acetate®then 15 x 2 cm. 33 7 hexane-ethyl acetate) and.Kugelrohr
distiilation i1 15¢C. 0.2mm) gave compound 84 (2 18 mg. 1.34 mmol. 27,01 the only major -~ ‘.

product of the reaction, as an apparently homogeneous (TLC. silica. 11 hexane-ethyl

"acetate oil).

b) Dry triethylamnne‘(OJOO mL, 0.75 g. 0.74 mmol and chloromethOxym'ethane
(0.056 mL. 0.059 g. 0.74 mmol}-were added to a solution of aldol 83 (121 mg. 0.672

mmol) in dry CH,CI, (3.0 mL). A few mg of 4-(N N-dimethylaminolpyridine were added and

the solution was stirred at room temperature. After 4 days, the reac-tion mixture
consisted of mostly starting material with the other‘\major comp‘onent be'rrig 84 (TLC, silica,
11 hexane;ethy‘l acetate). 7 ‘ \ 

. ‘c} The general procedure of referen/ce 82 was used: Dimethoxymethane (ca. 1'mL.

1 1 mrﬁol) and pnosphorus pento;(ide {0.50 g. 3.5 mmoll were added to a solution of the

aldol {38.0 mg, 0.211 mmol} in dry CHCI, (2.0 mL). After stnrring for five days at room

L

temperature some starting material remained and the only major product appeared to be

compound 84 (TLC; silica, 1:1 hexane-ethy! acetate). o e

(ﬁ*,R')- and (R-,S')-'('L“)-G-(1"-TrimethyIsilyIoxy-4-pentenyI)-2-cyclohexen-1-one (89).
Dry trietHyIaminve 0.42 r'rva,QIO.3.O g. 3.0 mmol and chiorotrimethyisilane (0.38 mL, 0.33 g.
3.0 mmol} were added@?@‘/‘a s'olut,ior\ of aldo! 83 (451 mg, 2.50 mmol) in dry ether (30 mL). -
4-(N,N-Dimethylamino)‘py‘ric;ine (60 mg. ©.48 mmol) was added and the mixture was stirred
overnight at room temperature. The mixture was filtered through a pad of Celite (2 x 2.5
cm) which was then washed with ‘ether (ca. 100 mL). Evéporation of the solvent, flash
chroma@pgraphy of the residue over snhca gel (15 x 2 cm, 9:1 hexane-ethyl acetate) and

dnstlllatnon (120°C, 0.35 mm) gave trimethylsilyl aldol 89 (589, mg, 2.33 mmol,

93‘7%515 Van apparently homgeneous (TLC; silica, 9:1 hexane-ethyl acetate) oil: NMR (CDCl,,

gOO‘MHz) showed the presence of two diastereoisomers in a ratio of 3.3:1. 6 7.04-6.88

iy
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(m 1H). 6.07-5.70 (m. 2H). 5.11-4.87 (m. 2H) 4.53-4.30 (m. 1H). 2.60-1.30 (m. SH)
0.13 and 0.07 (2s. total integration 9H. ra.uo 3.3 1). *C NMR (CDCI,, 50.32 MHzJ.‘showe'd
two sets of signals which é0uld be separated on the basis of peak heights. The major
somer had & 199.3 (s 149.6 (di. 136.4 @ 130.1 (01 114.2 . 70.1 (¢ 53.2 (d). 31.9
@ 30.5 . 2581, 2201y, 017 1g. The mnﬁor isomer had 0 198.4 (5) 149.9 (dh.
138.1 (d), 130.2 (d. 114 4(t). 69.4 (d). 51.3(d. 34.7 (v, 30. 'l . 25.3 (b, 21 4 (t) 0. 39
g IR (film 1675, 1642. 1620 cm', exact mass. m e 252. 1540 {calcd for C,.H:..0.S,
m e 252.1546). Anal. Calcq for C,H,,0,Si C. 66.61, H 9.58. Found C. 66.58 H,
9.60. - '

Ozonolysis of TrimethY!silyl Aldql 89: (R+,R+)- and (R+ 5+)-(£):2-Oxo-Y -trimethy!-
silyloxy-3-cyclohexene-1-butanal (90)  and (R+,R+%)- “*and (R*,S;)-(t)-2-0xo-7-
trimethylsiIyloxycyclohexaneb;tanal {91).

’. a). Ozonolysis Using a Dimethyl Sulfide Workup. Ozone was bubbled through a
solution of trimethyisilyl aldol 89 (504 mg, 2.00 mmol} in 1:1 methanol-dichloromethane
{10 mL). cooled to- -78°C. until starting materu’al had just disappeared (TLC: silica. 3:1
: hexane-e'th\yl‘acertgtg). Dimethy! sulfide (0.50 mL, 0.42 g. 6.8 mmol) was added and the
solution was warmed to roont temperature. Evaporation of the solvent afforded a very
polar (TLC: ‘s'rli.ca, 1.:11 hexa_nefethy! écetate) 'material which was only sparingly solubie in
ether. IR (34 10 cm!) showed an alcohol functionality.

b) onnolyﬁis in Methanol-Dichlorometr\\ane Using a Trimethylphosphite
Workup. O:zore was bubbled througH a solution of trimethylsilyl aldol 89143 mg. 0.568
~ mmol) in 1 1 methanol-dichloromethane (6 mL) cooled to -78°C, until ho starting material
remaned (TLC; silica. 3: 1 hexane-ethyl acetate). Trimethylphosphite (0.25 mL, 0.26 g. 2.1
mmoly was as added at -78°C and the solution was warmed to room temperature. Analysis
of the reaction mixture (TLC: ;silqca, 3:1 hexane-ethyl acetate) again showed only very polar
material remained. .

¢) Ozonolysis in Methanol Using a Trimethylphosphite Workup. QOzone was
bubb(ed through a solution of trimethylsilyl aldo! 89 {154 mg, 0.608 mmol} in dry methanol

{10 mL). cooled to -78°C, until just a trace of starting material remained (TLC; silica, 3:1

hexane-ethyl acetate). Trimethtylphosphite (0.100 mL, 0.105 rhg, 0.848 mmol) was added
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and the solution was left at -78°C for 5 min. The solution was then warmed to room
temperature and concentrated. Flash chromatography of the residue over silica ge! ?15 x
1 em.. 3 1 hexane-ethy! acetatei gave aldehyde 90 (T 16 mg. O 454 mmol 74%} as an
apparemly homogeneous (TLC. silica, 3 1 hexane ethyl acetate UV visible spot) oil NMR
{CDCI, 200 MHz) showed the presence of two diastereoisomers in aratio of ca. 2.1 1, 0
980t J=15 0.68H 976* J=18Hz 0.32H), 7.05-6.81 im 1H 6.08-5.91 im,
1H. 4.52-4.30 (m 1H). 2.68-1.60 im, 9H). 0.12 (s, 6.1Hi and 0.07 (s. 2.9H: "'C NMR,
(CDCI, 50.32 MHaz) showed two sets of signals which eould be separated on the b’asins_ of
peak height. The major isomer had 6 202.1 (d), 199.2 (s). 150.0 (d). 129.9 (d). 63.8 (d),
52.8d 41.0 (. 25.7 (1. 25.1 (t. 21.8 0, 0.01(g. The minor isomer had 6 201.7 0.
199.0 (s, 150.1(d), 129.9 (d). 68.7 id). 51.4 (d), 40.4 (1. 27.8 (1, 252 21 71, 0.17
(g IR (film; 1740, 1670, .1640 cm, exact mass. m:e 254.1333 ‘(calcd for C,.H,;,0,81
_m e 254.1339). Anal. Caled for C,H,,0:S1: C. 61.38. H. 8.72. Found C. 61.67: H
865 | | o N

d) Ozonolysis Usirig Workup by Hydrogenation Over Pd/C. Ozoﬁe was bubbled
through a solution of trimethylsilyl aldol 88 (747 mg. 2.86 mmol) in ethyl acetete (30 mLi,
cooled to -78°C, until starting material had just disappeared (TLC. silica, 3:1 hexane-ethw
acetatei. The solution was warmed)to room te\mperature and 5% palladium‘ on carbon
(0.20 g was added. The mixture was stirred under an atmosphere of hydrogen for 1.5 h
and was then filtered through a pad of Celite (.2 x 2.5 cm), which was weshed with ethyl
acetate. Evaporation of the solvent and flash chromatography~of' the reeidue over silica
gel (15. x 2 cm, 3:1 héxane_-ethyl acetate) gave two products: The material of highe{' Rf
keto aldehyde 81 (113 mg. 0.441 mmol, 15%) as an apparently homogeneous {TLC; silica,
3 1 hexane-ethyl acetate, non-UV visible spot) oil: NMR (CDCI,, 100 MHz) 6 9.79(&t, J = 7
Hz. 1H), 4.32-4.06 (m, 1H), 2.66-1.40 (m, 13H), 0.09 (s, 9H)’ »'C NMR ({CDCl,; 100.64
I/VIHz'> showed the presence of two diasterecisomers. 0 211.4, 202.6, 202.3, 193.5,
70.0,@9.1, 56.7, 55.7, 42.6, 42.4, 41.0, 40.1, 28.9, 28.3, 27.7, 27.6, 27.5, 27.4,
25.8, 25.0, 24.7, 0.56, 0.37; IR {fiim) 1715, 1675 cm"i-exact mass, m/e 256.1495
(calcd for C,,H,,0,Si. m/e 256.1495). The material of lower Rf was enohe aldehyde S0
{280 mg. 1.10 mmol, 37%).
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e} Otonoleis Using Workup by Hydrogenation Over Lindlar's CaierSt. Ozone’

wasv bubbled through a solution of tnmeth'ylsilyl aldol 89 (131-mg. 0.519 mmol) in ethyl |
acetate (10 mbL). cooled to -7 °C. unti starung material’ had ;ust disappeared (TLC. silica.

3 1 hexane- ethyl acetate). Thj solutuon was warmed to room temperature and Lindlar's

catalyst“ (0.30 g} was added. The mixture was stirred under an atmosphere of hydrogen

for 1 h and was then dried and evapo’rated. Flash chromatography of the residue over

sihica gel (15 x 1 cm, 31 hexane-ethyl acetate) afforded only enone aldehyde 90 (48.3 mg,

0.184 mmol. 37%). as an apparently homogeneous (TLC siica, 3.1 hexane-ethyl acetate.
/ Ll

(R+,R+)- and (R+,5*)-(£)-6-(1-Triethylsilyloxy-4-pentenyl)-2-cyclohexen-1-one (92).

The general procedure of reference 85 wa\s\used: Chiorotriethylisilane {1.25-mL, 1.13 g,

N . Lo ‘
7.50 mmol) was added to a solution of aldol 83(676 mg. 3.75 mmol) in dry pyridine (8.0

mL, 7.8 g. 0.10 moll. The -solution was heated at 60°C for 2 h, cooled to room

temperature, diluted with ether (50 mL) and extracted wath 10% CuSO (4 X 20 mL). The

combined aqueous extracts were back-extracted with ether (20 mL) and the combmed
ether solutions were washed with water (20 mL), dried ., and concentrated. Flash

chromatography of the residue over silica gel (15 x2cm, 37:3 hexene-ethyl acetate) and

. Kugelrohr distillation (125°C, 0.18 mm) gave triethy!silyl aldol 92 (942 mg. 3.20 mmol. .

85%) as a clear, colourless, apparently homogeneous (TLC: silica, 3:1 hexane-ethyl acetate)
oil. NMR (CDCl,, 100 MHz) & 7.16-6.86 (m, 1H), 6.19-5.64 m. 2H), 5.25-4.89 (m. 2H!
4.68-4.38 (m. M), 2.74-1.27 (m, 9H), 1.16-0.81 (m, 9H), 0.81-0.42 (m, 6H; 1C RIMR
(CDCl,, 50.32 MHz) showed two sets of signals which could be separated on the basns of
peak height. The major isomer had| 8 199.2 (s), 149.6 (d), 138.4 (d), 130.1 (d), 114.1 (0,
70.0d). 53.4(d), 37.1 (1), 30.5(), 25.91t), 21.81(1), 6.7 {q). 4 9 (th. The mlnor lsomer had
) 199 3 (s, 149.6 (d), 138.0 (d). 130.3 (d), 114. 4 (t) 69.1 (d) 50.6 (d), 34 6 (1), 29.9 {t,
25. 2 (t), 20.9 (1, 6.7 (g), 4.9 (1); IR (fim) 1675, 1640 1620 cm; exact mass (no M ). m/e ‘
265.1632 (calcd for C,,H,,0, Su (M C Hs) m/e 265. 1624) Anal." Calcd for C,,H,DO Si: C,
69.33 H, 10.27. Found: C. 68.37. H, 10.33.



'«n Over Lmdlar s Catalyst. Ozone

A A
was bubbled thrOugh‘*aa soluta n of .tr)ethylsulyl a)doL SP {72.0 mg 0. 244 mmol} in ethyl

ot
remained (TLC silica. 3: T

e R T AR

acetate (5 mL) cooled to 78" untuﬁn% ore startnng"mht ‘
hexane-ethyl acetate) The som&,’? v)/armed to room temperature Lindlar's catalyst
t

0.3 g W8S then added\and the Kture was stirred at room temperature under an .ﬁ
atmosphere of hydrogen u‘f:tnmo more ozrvon)de remained (TLC). The solution was_drieﬁ; ¢
and concentrated. Flash chromatography of the residue over silica gel (15 x 1 em, 31 :
hexane-ethy! acetate) gave aldehyde 93 (30.6 mg. 0.103 mmol, 42%) as a mixture of two
partially resolvable (TLC- silica, 5-1 hexane-ethyl acetate) diastereoisomers: QIMR (CDCl,,
100 MHz: § 9.78 (m. 1H), 7.15-6.79 im, 1H), 604 ang 5.94 (m, 1H), 4.63-4.29 im, 1H),
2.86-2. 32 (m, 9H}, 1.77%0.26 (m, 6H); IRtfilm) 1725, 1675 1640 cm’', exact mass. m/e
296.1801 (calcd for C,H,,0,Si. m/e 296.1808). |

b) Ozonolysis Usi\ng a Dimethyl| Sulfide Workup. Ozone was bubbled through a
solution of triethy)silyl aldol 92 (82.5 mg, 0.314 mmol) in dry methanol (7 mL), coole'd Qto J
-78°C. until 'no more starting material remained (TLC; silica, 3:1 hexane- ethy| acetate) T
Dumnthyl sulfide (0.25 mL, 0.21 g, 3.4 mmol) was added and. after 30 min, the solutnoﬁj‘-‘
was warmed to rdom temperature After 1.5 h.at room temperature reductnon w»‘as .
complete (TLC). The solution was concentrated.and flash chromatogfapk:y of th; resudue-\
over silica;gel {15 x 1 cm, 33:7 hexane-ethyl acetate) gave aldehyde 92 ?45.2 mg, O 152 .
mmol, 49%) as a mixture of two _partially resolvable (TLC: silica, 3. 1 hexane*ethy? acetate)
diastereoisomers. . ‘ : o Ly See - .’:’?@n

c) Ozonolyslis Using a Trimethylphosphite Workup Ozone wa§ b"ubbled

through a solutlon of triethylsilyl aldol 82 (127 mg. 0.431 mmol) ire dry methanot’HO mL), <_" '

; "v * . s
cooled to -78°C, until no more startmg material. remained (TLC silicas 3: 1 hexgne ethy)_

I 2 b A
acetate) Tr)methylphosphnte (0.12 mL, 0.13 g, 1.0 mmol) was added. and after 5 n‘nn the - -,

solution was warmed to room temperature Concentratron of the . solutlon and f)ash o «
chromatography of the residue over silica gel (15 x& 1 cm 337 hexane ethyl acetate) gave
aldehyde 93 (67.3 mg, 0.227mmol, 53%) as a partially resolvable (TLC; snhca 3 1 he&xane--

ethyl acetate) mixture of diastereocisomers.



PR 169
ﬂiﬁ')- and  (R»,S¢)-(2)-6-(1-(1, 1:DimothylathylldlmethylslIyloxy-a-pomon‘yl)-z-
cyclohexen-1-one (94). The general procedure of reference 86 was used tert-

Butylchlorodimethyisilane (248 mg. 1.65 mmol) was added to a solution of aldo! 83 (277

mg. 1.10 mmoli and imidazole (227 mg. 3.33 mmol) in dry DMF (5.0 mL). The muxture was/

stirred at room temperature for 42 h, poured intc water (20 mL) and extracted wnh ethé/

(4 x 20 mL). The ether solution was dried and concentrated Flash chromatography of

the re;ndue over silica gel (15 x 2 cm, 9:1 hexane- ethyl acetate) and Kugeirohr dlstlllatlon

l'l20°C 0.10 mm) gave tert-butyldimethylsilyl aidol 84 (186 mg, 0.631 mmot, 57%)'as an
apparently homogeneous (TLC: silica. 3.1 hexane-ethyl acetate) oil: NMR (CDC¥. 200 MHz)

showed the presence of two diastereocisomers in a, ratlo of ca. 2.7:1. $ 6.96 (. 1H)

o,

6.10-5.70 {m 2H) 5.14-4.85 (m 2H). 4.53 (minorsisomer) and 4.42 (major lsomer; (2
overlapping multlplefs total lntegratlon lHl 2.65-1.20 (m, 10H), 0.96 (s, 6 6H), 0.88 (s,
2.4H). 0.13 (major isomer) and 0.10 (munor isomer) (2 overlapping singlets. “total
_W_lntegratlon 6Hl 13C NMR (CDCliy 50. 32 MHz) & 199.6, 150.0, 149.9, 138.6, 138. 1,
130.4; 130.2, ll46 114.2, 70.0, 692 53.3. 50.6, 34.6, 32.0, 30.8, 29.9, 26.0,
25.85, 25.76, 25.3, 21.8, 21.0, 17.9,-4.61,-4.65; IR (fiim) 1617‘@640 1620 cm;
exact mass, m/e 294.2015 lcalcd for C,,HNO Si, m/e 294. 2015) Anal. Caicd for
| C,Hy0,Si C. 69.33: H, 10.27. Found: C, 68.53.H, 10.25. N

2-Methyl-3-buten-2-ol (98). A 'mixtt’lre of 2-methyl-3-butyn-2-ol (125 mL, 109 g. 1. 29
mmol), lsopentane (175 mL) and Lindiar's catalyst (5 gl were hydrogenated using a Parr
%haker (initial pressure 48 psul untit 1.25 mol of hydrogen had been taken up. The catalyst
i'vas removed by filtration and the filtrate was dvstllled through a 35 om Vigreux column.
.. After all the solvent had‘been removed (bp < 30°C), 2-methyl-3-buten-2-ol (98) (87.0 g.
| 1.01. mmol, 78%) was. collected as a clear, colourless Ilqwd of greater: than 98% purity
(VPC: Carbowax. 100°C): bp 92 83.5°C, 700 mm‘ lit.”o -bp 97-98°C, 760 mmj; NMR
(CDCl,, 80 MHz) 8 5.95 (dd, J= 17, 10 Hz, 1H, 5:28 (dd, J = 17, 2 Hz, 1H), 4.93 (dd,"J
'=5,2Hz, 1M, 2.07(br 5. 1H), 1.288, 6H) IR (film) 3370, 1645 cm-" o @ _

_ 5-Methyl-4-hea<e'nal (99). © This compound was prepared from alcohol (98l using the

4

procedure given in reference 9s.. 593 .
. f»,}

!
.
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~ height. The maJor isomer had 0 201 7 (s) 150 5 (d), 132.0 (s), 130 1 (d) 123! 9"(d) 69. 3"!3

~

/(R' /?*)- and (R* S*)-(*’)-G-H-Hydro;(y-s-ethyl-d-hexenyl)-
‘ so)utlon of n-butyllithium in hexane (1.25 M 8.0 mL, 10.0

VL ' » ‘170

eken-1-one (100). A

4 s added to a stirred

solution of dry dusopropylamine (1.54 mL, 11 g 1 O mmol} in dry ether (20.mL),

cooled to 0°C. The solution was stirred at this temperature for 10 min and. was then

cooled to -78°¢C. 2-Cyc)ohexen-1-one {79)-10.96 mL" 0.96 g. 10 mmo} was added

dropw:se over ca. 10 minf The so)utnon was stlrred at this temperature for\1 h and then
- ‘aldehyde 99'(1 41 mL. 1;23 g\ 1 1. O mmol) was added in one portlon for)ewed after 5 rin’

by saturated NH Cl {10 mL) The muxture was warmed to room temperature the Iayers »

were separated and the aqueols phase was extracted with- ether (3 x 20 mL). The
combined ether solutions were dried-and concentrate‘dﬁ\ Flash chrom tography of the
residue over silica ge)‘()5 x 5 cm, 3:2 hexane-ethyl ac'etate) gave aldo! 100(0 90 g. 4.3

mmol, 43%) as an. apparent)y homogeneous (TLC; silica, 1:1 hexane- ethyl)acetate) oil: NMR

| {CDCI,, 200 MHz) showed the presence of two dlastereonsomers in a ratio of ca.2.31. 0
~ 7.03- 6 87 (m 1H 5.98 {dm. J = TO-Hz H) 5.09 (tm|, J = 6.5 Hz, )H)' 4. )5¢(m00 7H), -
3. 99 (m. 0.3 H 3. 84 (m. 0. 3H), 2.67-1: 17 (m conta)&)ng sunglets at §:1.69 and 63
" total mtegratlon 15. 7H) Upon D, (o} exchange, the following changes were noted: the
signal at 0 3. 99 d:sappeared The )ntegratxon of the mult)plet ) 2 67-1. T7 changed to -
15H The- 5|gnal at 5 4 15 sharpened to a3 doublet of triplets, J = 9. 3 3 3Hz ahd the :

Sugna) at 5 3. 84 sharpened to a doublet of triplets, J'= 3. 8 7.5 Hz (”C NMR (CDCI

50. 32 MHz} showed two sets of sugnals whnch could be separated on the basis of pea)e'

(), 51.64d). 33. ) (1), 25 71, 25. 6 (Q). 24,7 (1), 22 4(t),17.6 (q) The. mmor isomer had 5

203.4 (s), 150. 7 (d), 131.8 (s). 129 8 (d), ‘)24 1 (d) 71.3(d), 51.6 (d), 337 (t), 25 7 (t
25 6 (q) 25.0 (t), 23.6 (1), 17.6 (q) R (fllm) 3460, 1665 cm-’; exact mass, m/e 208 1464
{calcd for C”H,OO m7e 208 1464) Ana). Calcd for CUH,OQ, C. 74. 96 H. 968
Found: C, 75.20, H; 9.84. , ‘

(R¥,R)- and (R~ S*) (+) -6-(5- Methyl 1 tnmethylsnly)oxy 4- hexenyl) 2-cyclohexen- 1-

- one (101).  Dry. tr)ethylamnne(O 52 m\L 0.38 g: 3. 8 mmol) and ch(orotrnmethylsrlane (0.48

mL, 0. 419:/3.8 mmol) were added toa solutaon of aldo( 100 (712 mg 3.42 mmol) cn dry

. ether (25 rnL). A few mg of 4 (N N+ d:methy(ammo)pyrudme were added and the muxture'

- 5 . o RTEN ‘\‘ . N
= . b . . EER . : e e e

Vel
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‘was stirred at room;temperature overnight. Additi'onal portior{s of triethylamlne (®10 mt,
0.07 g. 0.7 mmol! and chlorotrimethylsilane (0.10 ‘ml_, .‘0.0909, 0.8 'mmoll.,were
introduced, the m\ixture‘vl/a_s stirred for an additional 4 h at. room temperature', and then
w»at'er (25 ml) was added. The layers Were separa{ed and the aqerus phase was
extracted with ether ‘(4 x 20 mL). The combined ether solutlons were  dried and
/ co‘ncentrated Flash chromatography of the residue over‘mskllca % (15 x 3 cm, 21 4
hexane ethyl acetate gave trimethylsilyl aldol 101 (707mg 2.52 mmol 74%) as a clear
colourless apparently homogeneous TLC srllca 3.1 hexane-ethy! acetatel oil: NMF’«
(CDCI,. 200 MHz) showed the presence of two dlastereOlsomers in a ratio of ca. 2. 41, 5
'-700683 (m, 1H), 604585(m 1H), 509(:?1 449424(m H), 2.58-1. 18 (m,
'con’talmng %?lglét&%t 1.68 and 1. 60 15Hl O 14 (s 2. 6H) 0.08 (s. 6. 4Hl 13C NMIR (COCL,,
j50 5’2 Ml—l; é\OWiéd‘ t?/vo séts of s”lgnals which could be separated on the basis of peak
helght The ma;or lsomel' had 0 199 8 {s), 159.0 131 B (s), 130 3{d}). 124.0 {d), 68.8
'(dl 51.4 (d), 35.7 (t) 25 5 (g 25.4 ), 24. 6 ltl 215, 17.6 lq) 0. 36 (ql The ’m‘inor
.jv'lsomer had 0 199 5(s), 149.7 (d), 131.3 (sl 130.2 (d) 24.3 (d), 70.6 (d), 53.3 ld) 33 0
S {1),.25.8 lt) 25.5 (gl. 25.1 (t, 22 2(1), 17.6 Q. O 24 (g R (fllm) 1870 1620 cm™; exact
“mass, m/e 280. 1859 {caicd for C,Hy:0,Si, m/e 280 1859)\ Anal. Calcd for C,,H,:0,S:

’c 68. 52 H, 10. 06 Found:.C, 68 82: H, 10.14.

Ozonolysns o& Trnmejhylsnlyl Aldol 101“ ' Ozone was bubblepl through a solution of
, trnmethylsnlyl aldol 101 {165 mg, O. 589 mmol) in dry methanol (10 mt\gooled to -78°C.

until  starting material ‘had just dlsappeared.‘ (TLC; silica, 3:1 hexane-ethyl acetate).

Trimethylphosphite,(o. 100 mL, 0.105 g. 0.848,_mmo|)gwaé added and, after 5 min,,the ‘

.

solution was warmed to room temperature and. concentrated Flash chromatography of =

the res|due over slllca gel {15 x 1 em, 3:1 hexane ethyl acetate) gave aldehyde 90 (131

' mg, 0.515 mmol, '87%) as an apparently homogeneous (TLC; slllca _31 hexane-x ethyl E

-~

acetate) oil.* . ~

- .‘AAAttempted Lemleux -Johnson Oxnda@on of TrlmethyISIlyl Aldol 89. The general

procedure. of r%ference 92 Was used Sodlum metaperlodate (38‘r mg 1.78 mmol) was‘

*Over four experfments thls react*on gave aldehyde 90 in ynelds rangmg from 62% to 87 % - .

.laverageuz?% LR

(R i
- R S

R
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" added in small portions, over 25 m(lln to a solution of trimethylsilyl aldo! 89 (214 mg,

-+ 0.847 mmol) and 0sO, (16.2 mg. 0.064 mmoli in 1.1 ether-water (6 mL). The solutian’

(1a.8a0)- and (1, 8af)-(£)-(1,2,3,7,8,Ba-Hexahydro- 1-naphthalenyloxy)trimethy-

" guenched aldol condensatlon) (219 mg. 0.860 mmol) in dry DME (40

" X 2,5 cm, topped with a 1 x 2.5 cm pad of Celite), which was then washed with ether (ca.

70 mL arrd hexane (ca. 70 mL). The filtrate was concentrated and flash chromatography v L /

" as an oil of greater than 99 purity (VPC QF 1, 200°C), partially resolvable (TLQ.

of the resndue over sullca gel (15 x l cm, 19~1 hexane-ethyl acetate) and'KugelﬂDh‘

"was stirrgd at room temperature followmg the progress of the reaction, by TLC (smcj
9

-1 hexane- ethyl acetate). After 24 h, complete decomposmon of the starting mater:al

had occurred but none of the desired aldehyde 90 could be detected.

silane (102).

a) The general procedure of reference 81 was used, with some modifications: l:)ry

"~ DME (20 ml_) was added to a mixture of TiCl, (1.47 g, 9 53 mmof) and Zn- Cu couple (1.44

g 22.0 mmoly and the resultmg slurry was heated at reflux for 1 h. A sol7ltlon of encne .
aldehyde 90 lderlved from aldol 83 Wthh had been prepared by an ammonium chloride’

vv]; was added by
motor drlven syringe pump over 14 h, and reflux was contlnued for ap addltlonal 24 h.

The mixture was then cooled to room temperature and filtered through_ a pad cf Florisil (7

dlstlllatlon (120°C O 3 mm) afforded trrmethylsﬂyl ether 102 (106 mg, 0.457 mmol,

19 l hexane- ethyl acetate) mto two diastereoisomers: NMR (CDCI;, 200 owed two

dlastere0lsomers in a ratuo of 1.1:1. 0 6. l 1-5.86 (m, 1H) 5.80-5.60, (rh TH), 5.51 (brs,

0.48H), 5.40 {br's, 052H) 4.01 (brs, W,,, = 10 Hz, 0.48H), 3.48 br s, W, = 26 Hz, b

0.52H), 250 0.95 (m, SH), 0.16 (s, 47H) O 12 (s, 4.3H); 13C NMR lCDCl 50.32 MHz) (5

130.1 (d), l28._9 (d), 127.7-(d)2*126.9 (d), 122.9(d), 122. 5 (d), 73. 7 {d), 68.7 (d), 43.4 (d),

40.1(d), 32.2 ltl, 30:0' (t), 26.4 (1), 25.9 (1, 25.7 (1), 25.2 lt), 21 0, 0.37 (q. 0.2\6\qu; IR

(film) 1643 cm-; exact mass, m/e 22471435 (calcd for C,H nOSI m/e 222.1440). ;\nal.

ZZalcclforC13 H,,0Si: C 7021 H, 8.97. Found: C, 70.22; H 10.03. S _ R :
b) Dry DME (20 le was added toa mlxture of TiCl, (1.37 g. 8 88 mmol) and Zn- Cu

couple (1. 33 g 20. 3 mmoll and the resultlng slurry as heated at reflux for 1 lwat\ ‘solution

: ef (enonevaldehyde 90 (derlved from aldol 83 which had been prepared by ar\)_acetlc acid
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1,2, 3; 8,8a- -Hexahydro-1 -naphthalenol (103b) N

#Not all of the;i,a,ans for the minor isomer were di‘sc,ernible in this spec_trum’.f
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'y o
quenched aldol condensation) (178 mg, 0.699 mmol) in dry DME {40 mL) was added.in one.

portion and reflux was continued for an additional 24 h. Workup. Chromatography and

distillation as in part a) above afforded 'trirn_e'th‘ylsityl ether 102 (55.3‘mg, 0.249 mmol

36%) as an oil. partially resolvable (TLC; silica. 19.1 hexane-ethy! acetate) into two

diastereoi?omers: NMR (CDCl,. 200 MHz) showed the same two isomers as. in a) above,
but in a ratio of 1:3.8. 8 6.04 im, 1H., 5.77-5%57 (m. 1H), 5.51 (m. 0.79H), 6.40 (m.
0.21H), 4.01 (br s, O.,7é H)., 3:48 m, 0.21H), 2.50~1.48 (m, SHj, 0.15 (s, 1.8H). 0.12 (s,
7.1H); BC NMR (CDCI_.\, 50.32 MHz) showed two sets of signals which could be separated
on the basis of peak height. The major isomer had 0 134.0 (s), 1.30.1“(d), 127.0 (dh

122.9 (d). 68.7 (d). 40.1 (d). 30.0 (t). 25.9 (1), 25.7 (1, 21.0 {t). 0.30 (g). The minor
isomer hadx 0 128.9(d). 127.8 (d), 12235 (d), 73.7 (d). 32.2 (1, 25.2 (1.

(1, Ba)-  (£)-1,2,3,7,8,8a-Hexahydror 1-naphthalenol (103a) and,’(10¢,8a(3)-(#):

a) From Enone Aildehyde 90.. The general procedure of reference 81 was used O
Aw,ith some modnfuctlons. Dry DME. (20 mlL) was added to a mixture of TiCl, (O.QOg. 5.89

mmol) and Zn-Cu co\yple (.0.91 g. 13.9 mmol) and the resulting siurry was heated at reflux

for 1h. A solution of enone aldehyde 90 (derived from aldol 83 which had been pre'bared

using an acetic acid quenched aldol condensatnon) (+t30 mg. O. 509 mmol) in dry DIV!E 20

“mL) was addgd by motor driven syrmge pump over 9 h, and reflux ‘was continued for an

addmonal 11 h. The reactlon mixture was cooled to room temperature and flltered‘

through a pad of Celite (2 x 2.5 cm), whlch was then washed with ether (ca 160 mL).- The

sy
filtrate was concentrated, refiltered as before and concentrated again. - Flash

'chromatogra“phy of the residue over smca gel (15 x 1 em, 3:1 hexane-ethyl acetate) gave

Z

-,;\{,.

am

alcohol 103 (56.9 mg, 0. 379 mmol, 74%)-as an oily solid, partlally resolvable (TLC; silica, =

3:1 hexane-ethyl acetate) mto a mixture of two dlastereoxsom‘ers NMR (CDCI, 100 MHz):',

showed two dlastereonsomers in a ratuo of ca. 2.3:1. 0 6:10 {br d, J = 10 Hz, 1H),.

5.89-5.38 (m, 2H), 4.05 (br s, 0.7H), 3.54 (m. 0.3H), 2.54-1.37 (m,-10H); *C NMR (CDC‘I,, N

22.6 MHz) showed two sets of- s:gnafs which could be separated on the basis of peak

height. The major isomer. had 5133.4, 1298 127.7, 122 8, 68 4,39.8,29.1, 257,

R <\
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F .
25.6. 20.6. The minor isomer hadv & 128.8, 73.0. 435, 31.9, 26.2, 25.6, 25.0, R
(CHCI,) 3580, 3450, 1640.1600 cm*; exact mass. rn/'e ‘1,50‘-1037 (calcd for C,H,.0. N
m‘e 150.1045). | | '
bl From Trilmethyl'silyl Ether 102. A solution of tetrabutylammonium fluoride i
THF1o (1.0 M, 0.5 mL, 0.5 mmoI) was added to a solutnon of trlmethylsnlyl ether 102
(dernved from aldo! 83 which had been prepared by an ammonium chioride quenched aldo*’ i
condensatnon) (37.7 mg 0.170 mmol) m THF (2.0 mbL) at room temperature After 10 min,
the solution was concentrated and flash chromatography of the residue over silica gel (15 .
x 0.5 cm, 1 1 hexane ethyl acetate) afforded alcohol 103 (20 7mg. O 138 mmol 81%) as
an only sohd partially resolvable (TLC: silica, 1:1 hexane- ethyl acetate) into a mlxture of -
' two diastereoisomers: NMR (CDCI,. 200 MHz) showed the same ‘two diastereoisomers as
from a) above, in a‘ratio of 1:1.5. 8 6.00 (two oVerIapping doublets, J = 10 Hz- ‘IH)
575558 (m 1H), 5.49 im0 .4H), 538 m, OSH) 399(brs 0.4H), 349(m O@OH
2. 44 -0. 75 (m, 1OH) Upon. D O exchange the sugnal at 0 3. gs appeared & 2 br%ad
asmg|et (Wl,2 —“9Hz). »Ihe signal at 6 3.49 appeared as a multiplet (W, , = 35 Ha).

/
a /

: a ‘
L cise (+) 4 Cyclohexene 1.2- dlcarboxyu.c anhydride (112). “This compound was obtained -~

t commercnally (Aldnch) or was prepared |n 80/0 yleld by the *Alder reaction of

i diene sulfone (1 1Land maleic anhydrnde {1 12) using the procedure glven in reference
g7 4 gﬁ & Qﬁ . |

4 -
*

oy . ‘
: cis-(x)- A% Tetrahydrophthahde (2%1 3) This compound was prepared in 67% yield by the
LiAIH, reduction of anhydrnde 1 12&9 the procedure given in reference 98..

T
~ 'S

cis-{x)-6-Methyl-3- cyclohexene 1- ca:boxyhc acnd (114) N -
EPp. W
a) From Lactone- 113. lodotrimethylsilane (‘I 24 mL, 1. 74 [ 8 68 mmol) was

.~ added to a solution of lactone 113,(1.00 g, 7.24 mmo!)‘in dry ben*zene {20 mL), The
' solution was stnrred at room temperature for 1 h, and thén trlphenyltm hydride (2.40 mL,
; 3 30 g, 8.41 mmol) was added. The resultung solutnon was heated at reflux for 1.5 h,
cooled to room- temperature'and p0ured into_ether (50 mL) The ether solut:onJ Was .
' extracted with 10% NaOH (4 X 20 mL) The aqueOUS extracts were back- extracted wﬁh’ -

i
- .o "
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“ether (1 x 20 mL}..cooled in ice. and acidified with conc. HC! (15 mLl. The mixture was

]

extracted with ethér (4 x 20 mL). The ether solution was dried .and evaporated to give a

was taken up in ethefzo mL) and washed with saturated NaHSO, (20 mL) and with water_"

" {10 mb). The combrned aqueous extracts were back- extracted with ether (15 mi) and the
combmed ether solutions were dried. and evaporated fzugvelrohr distillation (.1 30°C;, 0.40
mm) gave acad 114° 432 mg-+, 3.08 mmol, 43%) as a clear, colouriess oil of greater than
96% purity (VPC? Aplezon, 175°C): NMR (CDCl,. 100 MHz) 6 11.52 br s, 1H). 5.66 (s,

}2.88-1. 70 ~6H), 0.85 (d, J = 6.5 Hz, 3H) *C NMR (CDCI,, 56 32 MHz\ o 181 7 (s),

.0 (d. 124 2 (d, 42 5 (d), 32.1 (1), 28.3 (d), 23 31, 15.0 (qr: IR {film) 3400-2400.

y' 12

*m

" dfor (Hig:  C. 68.55; H, 8.63. Found: c. 6861 H,e74
‘ b) From Ester 109. A solutron of KOH in Water (0. 5 M 130 mL.: 85 mmol) was

resultnng selution was stirred’ at room te%perature for 6 h.It .was tH%ncentrated in
vacuo to ca: 150 mL cooled in nce and ac:dlfted to ca pH 2 (pH paper) wrth HCI & M, 10

mL): The mixture was extracted wnth ether (3 x.100 mL) and the ether solutron was dried,

and concentrated Kugelrohr dlstnllatuon as before gave acnd 114” (4 17 g 2.97 mmol A

92%) as a clear, colourless liquid of greater than 98% purity (VPG Aplezon 175C). To

test that no eplrnernzatlon had occurred during the hydrolys:s one drop of tﬁe amd was

treated with an excesg of ethereal dlazomethane Analysus of the derived methyl ester“ )

showed greater than 99.9% C/S‘ rsqmer 108 ('C Carbowax 140°C) was present

(2-endo-4-exo) (2)-4- Bromo 2-methy|-6- oxablcyclo[3 2. 1]octan -7-one (1 15).
a) Direct Bromolactonlzatlon of Acid 114. The general procedure of reference

102 was used with some- modufrcatuons Acud 114 (1 00 g. 7. 3 mmol} was dissolved in

adueous NaOH (0.36 M, 25 mL, 8.0 mmol) andvthe stirred solution was treated with 2'mL.

' por'uons of a solutlon of bromlne in CH CI {0. 35 M, 22 mL total, 7.8 mmo1) The Iayers

‘were separated and the aqueous phase was’ extracted with. CH;Cl, (2 X 20 mL). The

combined’ organic solutlons were washed W|th saturated NaHSO (20 mL) and water (20

g rnL) drled and concentrated to afford a white sql_ld

ash chromatography of the Iatter
SR S 5 ‘\‘”@. - |

)

\'/ellow 'brown oil. Kugelrohr distillation (130°C, 0.40 mmi gave a yeilow oil. This, material

*1658 cm:l; exact mass, ‘m/e 140.0838 c,alcd for ok H.,0;. m/e 140 0829). Anal

added to a solut:on of ester 1089‘ (5.00 g 324 mmol) in methanol (100 mL) and the |

S
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.over silica gel {15.x 3cm, 17:3 h’e>:<ane°e_thyl acetate) a%ﬂ crystallization from hexané",
gave bromolactone 115 (923 mg. 4.21 mmol, 59%) as a.white, homogeneous (TLC: silica '
3 1-hexane- ethy! aceta&) solid: mp 79-80°C: NMR (COCl, 100 MHz) & 4.80 (brt, J = 4.5
t1)‘)),441 (brt J=45Hz 'IH) 2.81-1 92(m B6H), 1.06 (d. J = 6.5 Hz.-3H}; *C NMMR
(CDC)MSO 32 MHz) 8 175.9 (s), 78 6 (d), 45.1 (d). 44.2 (d). 36.7 (1), 33 1(0, 28.2 (d),
18.8 () IR (CC) ) 1795 cm ' exact mass (no M- ) m/e 139. 0754 (calcd for C HHO (M- Br)
m/e 139. 0759 Anal. Caled for.C H,,O,\Br C. 43#86. H 5.08: O, 14.61. Found: C.
4373H512 O {%4.42. . Ca " <
b) Bromolabtomzatlon“of the Derweq Silver Salt. The general procedure of
» ref.erence 114 was used wmt, so e modxfnc?g.s; aond 114 (5. OO g. 35 7 mmo!) was
' '.dnssolved in methanol )O mL).” The solutlon was neutrahzed 4pH paper) w:th 10/q NaQH fca.,
16 mL) and was then treated (|n the dark) wnth aqueous AgNO (1. OM",';, nj\L‘ 4%, :nrynol)f
. The white precnpltate was’ fn)tered off and washed WIth 1().0 mL portlons each of water,
, methanol and acetone (in the dark). The solid was dr:ed under oil pump vacuum,¢ overmght
(wnth protectnon from light) to guve the snlver salt 18.50 g. 34.4 -mmol, 96%)} as a greyrsh\
. white sohd A portion of thls silver salt (4.00 g, 16.2 mmol) was suspended in dry DMF
{40 mL) ahd cooled @ ice. Bromine (1. 6 mL. 5.0 g; 31 mmol) was added dropwuse in the

o

3
" d Thé ice bath was removed and the suspension was stirred for 3h. The mixture was
dil

lwitht ethe‘r (to.ca. 200‘mL) and filteréd to remove solids. The ether solution was
washed with saturated NaCl (3 x 40 mL) and the agdeous washings were back-extracted

| once with ether {40 mL). ‘The combined ether. solutions were dried ank con‘centrated

Flash chromatography of the residue over silica gel (15 x 5 ¢cm, 33:7 hexane ethyl acetate) \

h . and cﬂtalhzat)on from hexare gavem‘no‘ m@ 89 g 13.2. mmol 8)%) as

homogeneous (TLC; silica, 3: 1 hexane- ethy) acetate) fine whute needles: -

»

b3

endo- (t)-2-Methy|-6-oxabicyc|o[3.2‘.‘1‘]oct‘-3m;3ﬁe (1 16). Bromolactone 115 (10.00

g. 45.6 m'mo)) was dissolved in dry tolueni iZQO L) and 1,5- duazablcyclqtll 3. 0]non 5- -

ene (16 9 mL, 17.0. g, 137 mmol) was adde he mnxture was heated at reflux for 8 h

. /
' cooled to room temperature diluted wuth ether (500 mL), extracted with 10% HCW2 x 100 -

mL) “with water (10 mL), and WIth saturated NaCli NOO rnL) The ether solutnon was drned‘ ’

.

Y

and. coﬁc‘éntrated to afford an homogenews (T LC slhca 1:1 hexan‘e ethyl acetate) 0|t '

Y
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The reactnon was repeated exactly as'amove and the combined products were dnstllled
QBO“C 0.2 mm) to give lactone 116 (10.59 g. 76 6 mmol. 84%) as a clear colourless liquid
of greater than 97% purity (VPC; Apiezon, 17%9C): NMR (CDCl,. 400 MHz) 0 6.16 (m. 1H.
570(dm J=5. 1Hz 1H). 471(m 1H), 267(m 2H) 248(m 1H), 2.031(d. J= 11. 3Hz
"‘,,1H) YA dr ‘J=6.9 Hz 3H); “C NMR (CDCi,, 50.32 MHz} d 176.5 (s) 135.4 (d). 127 5
"0 @, 72.8 (@, 43.6 (). 35.8 (1. 33.9 (d). 18.4 (q): IR (film) 1775, 1635 cm; exact mass,
© mie 138.0681 (calcd for iy, m/e 138.06811. Anal. Calcd for 'c,H,0,: C. 69.55.
H., 7.30. Found: C:69.66: H, 7.41. o '
(o200 50() (+) 5- Hydroxy 2-methyl-3-cyclohexene-1-methanol (117 (. A solution 5(
lactone 116 (2 00 g. 14.5 mmol) in dry THF (40 mL) was added .dropwise to a stlrreub &

_:";_su'spensmn of LiAIH, (2.20 g. 58.0 mmol) in THF (50 mL). The mixture was heated

Feflux for 4 h stirred at room temperature for 10 h, and then cool%ﬂfin’?’ée “Watet (8 mL) s
R _
" was added cautncusly JFollowed by 108 ofNa@H (8 mL) and more: water (25 mi). The,«

o muxture was filtered and the ‘white. prac«pltate was washed w»th ethy! acetate.

combmed filtrates were dried and concentrated to guve an homogeneous (TLC suhca ethyl

,a}

' acetate } viscous oil. Kugelrohr dlstsllat»on (170°C O 5 mm) then afforded dlol 117 (1 89
g; "13. 3 mmol 92%) as a clear coI0urless viscous oil: NMR (CDCl,, 100 MHz) 6571 (m
2H), 428(brt J=6.5Hz, 1H) 363(d J= 7Hz 2H), 258 1. 24(m 6H) 0.97 (d. J= 6.5.
Hz 3H); l’C NMR (CDCl,, 50.32 MHz). -0 134.9 (d), 129 6 (d), 66. 6 (d), 64.1 (t), 37.5 (d).
30 7 {t), 30.7 (d) 14.8 (q) IR (film) 3600-2500, 1655 cm™; exact mass m/e 142:0994
(calcd for C H”O mie 142, 0994). Anal Calcd for C H,.O C.67.5%, H 9.92. Found

¢

. C.67.79;H,9.94. L ., :

| E 3
\

9 ’ ! v

cis-(£)-5- (Hydroxymethyl) -4- methyl 2- cyclohexen-.-one (118) and exo~ {#)- 1- Methyl- 6
oxabncyclo[3 2, 1]oct3n 3-one (119) Acivated MnO 14 (6.60 g, 75.9 mmol) was added to a
' stnrred solution of~d|ol~ 117 (1.0796g. 7.58 mniel)in dry CHCI, (50 mL). The mixture was
stirred at room temperature for 3h,* after' which tim_é no starting material rem_ained {TLC;

: silica, athyl acetate). The mixture-was filtered through a pad of Celite (3 x 2.5 cm), which

*The time requnred for this reaction to.go to completlon depended on the particular batch
of MnO,. In general the longer the reaction time, the more of compound 119 was formed
_.and the Iower the yneld of 118. .

.,L?
(8
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was washed with more CHCI,. The filtrate was concentrated to an oil. Flash
chromatography of the oil over silica gel {15 x 3 cm, 1:3 hexane-ethyl acetate) and
Kugeirohr dlstlllatlon (145"C 0.5 mmi} gave enone 118 (806 mg. 6.46 mmol 85%| as an

homogeneous (TLC suhca ethyl acetate. UV wisible spot) oil: NMR (CDCl,, 100 MHz) §

 7.05(dd. J= 10, 5.5 Hz. 1H}, 6.00 (dd, J = 10. 2 Hz. 1H, 3.66 (br d. J = 5 Hz, 2H), 2.96-

2.20(m. 4H;. 1.92 (brs. 1H;, 1.10 (dR‘ 7 Hz, 3H): 1*C NMR (CDCI 50. 32 MHz) 6 199 6
o]

(s). 156.1 (d, 127.6 (d). 62.8 (t). 39 36.0 (1), 30.8 (d, 11.9 (). IR (fim) 3600- 3100

) 1740 1625 cm'}; exact mass m/e 140.0839 (caicd for C HI,O2 m/e 186.0830). Anal.

. Calcd for -CH,,0,: C. 68.55; H, 8.63. Found: C, 68.55; H. 8.84. .Flash chromatography
~ and Kugelrohr distillation (120°C, 0.35 mm! also afforded ketone 119 (27.5 mg. 0.196

mmol, 3%) as ap'homogerieous (TLC; ‘silica, veths},gfacetate, non-UV visible spot) oil. NMR
- i é"“

{CDCI;, 100 MHz) 0 4.28-3.97 (m, 2H), 3.80 (d J=9Hz 1H), 2.84-2.20 (m. 6H), 1.16 (d.

J =7 Hz, 3H); *C NMR (CDCI,, 226MHz) 5&098 78.8, 718 48.3, 490 427 40.4,

- 18.5; IR (fiim) 1718 cm!; exact mass, m/e 1? 0.0836 (calcd for C HUO2 m/ie 140. 0838)

Anal. Calcd for C,H,,0,: C, 68. 55 H, 8.63. Found: C, 68. 30 H, 865

‘#‘ oo
' "

-c/s-(t)-4-Meth’yl-5-(t‘|"imethylsiIylo_xyrhethyl)-z-cyctohe.xen-1;on‘e (120)..’ Freshly

distilled triethylamine (3.6 mL, 2.6 g, 26 mmoll and chiorotrimethylsilane (3.3 mL, 2.8 g,

26 mmol) were'odded to a solution of enone 118 (3.00 g, 21:4 mmol} in dry ether. (30 mL).

4- (N, N-Dimethylamino)pyridine (0.26 g 2 1 mmol) was added and the mixture was stirred
. - : o

at room temperature for 3 h. Water (100 mL) was added to dissolve the salts, the layers

. » . B
were separated and the aqueous phase was extracted with ether (2 x 50 mL}. The

combined ether solutions were dried and c‘onc'entrat‘ed Flash chromatography of the

‘residue over silica gel (15 x 5 em, 5:3 hexane ethyl acetate) and Kugelrohr d:stlllatxon

~ Caled for C,,H,oO s. C. 67.21:H, 949 Found: c 67 26; H, 9.67.

{120°C, 0.45 mm) gave trnmethylsnlyl enone 120 (4.48 g, 21.1 mmol, 89%) as a clear,

colourless, homogeneous (TL,C; silica, 3: 1 hexane-ethyl acetate) oil: NMR (CDCI,, 100 MHz);
0 6.92 (dd."J = 10, 5.3 Hz, 1.H),‘5.90 (dd, J = 10, 1.3 Hz, 1H), 3.51 (m, 2H), 2.86-2710
(m, 4H), 1.00 (d, J = 7 Hz, 3H), 0.06 (s 9?-.1)~ BC NMR (CDCl,, 50.32 MHz) 5 188.8 (s),
155 3{d), 128. 0 (d) 63 1{t). 39.3 (d), 36 2 (t), 30.9 (d), 12.8 (q), -0.82 (g} IR (fnlm) 1750,
1630 cm-!; exact mass, m/e 212 1227 (calcd for C,H,;0, S: m/e 212.1232). Anal.

e
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: ci‘s-(t)-A-Methyl-s-(T! 1-dimethylethylldimethylsilyloxymaethyl-2-cyclohexen- 1-one

{121). The general procedure of reference 86 was used: tert- Butylchlorodrmethy!sulane
(218 mg. 1.45 mmol) and imidazole (*96 mg. 2.88 mmol} were added to a solution of
enone 118 (135 mg 0.863 mmol in dry DMF (2.0 mL). The mixture was stirred at room
temperature for 30 min, after which no starting material cled be detected (TLC: silica, 1:1
hexane-ethyl acetatel. The mixture was poured into water (10 mL) and egtracte‘d with
ether (3 x B mL). The ether{ extraots \}vere dried and concentrated. Flash chrematography

of the residue over silica gel (15 x 1.cm, 3:1 hexane-ethyl acetate) and Kugelrohr

distillation (145°C, 0.35 mm) gave ter-t-butyldimethysilyl ether 121 (141 mg 0.555 mmol.

58%) as a clear. colourless, homogeneoue (TLC; silica, 1:1 hexane-ethyl acetate) oil of

greater than 99% purity (VPC: Apiezon, 200°C): NMR (CDCl,. 100 MHz) 8 6.97 (dd. J-=

10, BHz, 1H). 5.95 (dd. J = 10. 1.5 Hz, 1H) 3.58br d. J= 6 Hz, 2. 2.68 M 1H. 251-

2.14 (m, 3H), 1.06 (d J=7Hz, 8H), O. 87 {s, 9H),; 0. 03 (s 6k, 13C NIVIR (CDCI ,23 6 MHz)_ L
0 199. 4, 155 7, 128 3,64.0. 39.6. 36.5 31’.3, 25.9,18.2, 12.4; IR (film) 1680, 1616.
cm!; exact mass no M), mie 197;.0998 (caled for C,oH,,0,Si M -,Q,Hq)q’,_‘ m/e 197.0995).

t

Anal. Calcd for G,H,,0,Si: C. 66.09; H, 10.30. Found: C, 66.06: H, 10.32.

LI
[
N

b
B X

(4R*,5R+,6R+)- (*) 4 Methyl 5 tnmethylsalyloxymethyl 6 ((S*)-1-hydroxy-4- pentenyl)

2-cyciohexen-1- one‘é123a) and (4R* 5/ Sﬁ )-(t)-4-Methyl-5- trlmethylsnyloxymethyl-

. 6- ((R*) 1-hydroxy-4- pentenyl) 2-cycld Eexemﬁ -one {123b)

a) Usmg an Acetic Acid Quench A solution of n-butyllithium in hexane (1.71 M,

1.3 mL, 2.2 mmoli was added to a stlrred so!utnon of dry dnsopropylamme {0.34 mL, 0.24.

g. 2.4 mmol in dry ether (10 mL), cooled to O°C. The solution was stirred at this
temperature for 10 min, and then cooled to -78°C. ‘A solution of enone 120 (425 mg.
2.00 mmol) in dry ether (3.0 mL plus 2.0 mL rinse) was added dropwise, over ca. 10 min.

The solution was stirred at this temperature for 1 h, and then 4-pentenal (80) (0.395 mL,

0.336 g, 4.00 mmol) was added in one portion, followed after 15 s, by glacial acetic acid

(0.3_43 mL, 0.360 g, 6.00 mmol). Th!e solution was warmed to room temperature and

was then diluted with"Water (10 mL). The layers were separated and the aqueous phaé.ew

' ‘"w‘as extracted with ether (3 x°;15 mL). The combined ether solutions were washed with
saturated I\'laHC(‘)J (20 mL) and saturated NaCl (20 mL), dried, end'concentrated. Flash

)
v

..

)
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éhromatography of the residue over silica Qel (15 x 2 cm, 31 hexane-ethyl acetate) gave
aldol 123 (520 mg. 175 mmo!. 88%) as an oil, partially resolvable (TLC: silica, 3.1 hexane-
‘ethyl acetatel into a mixture of two dlastereoisomers_." NMVR (CDCl,, 200 MHz) sh.owed'the
twa lson?ers to be n aratioof 1.6:1. A 'sample of this mixture (241 mg) was resclved
into its component diastereoisomers by flash‘chﬁbmatography“ol/‘er silica gel (l5 x 2 cm,
17:3 hexane-ethy! ~acetate, then 4:1 hexane-ethyl acetate). Mixed fractions were

rechromatographed (four chromatographies in all). The dlastereo:somer having the hlgher

Rt. 123a (72.0 mg, 30_%7recovery, minor isomer) had NMR (CDCI,. 200 MHz)  6.96 (dd,

J‘=.>10.‘I.5.2Hz TH), 5.83 (@d, J = 10.1, 15Hz tHI, 5.83 (m, 1H), 5.14-4.93 (m. 2H), :

3.78 (m, 1H), 3.70-3.50 (m, containing a singlet at 6 3. 58, total integration 3H}, 2.87 (m, -

1H. 2.76 idd, J = 1 .5,‘52Hz 'lH) 2.47- 202 (m, 3H), 1.67-1.50 (m, ZH), 1.111(d. J =

" 7.5 Hz, 3H), 0.14 (s, 9H). Upon D O exchange the followmg changes were observed. The

signal at § 3.78 simplified to a doublet of truplets J = 8.3, 53 Hz and the signal at &

3.58 dlsappeared leaying between 5 3.70 and 3.50 the AB portion of an ABX system :

Upon decoupling the signal at 0 3.78, the svgnal at 0 2. 76 collapsed toa doublet J=

' . Hz, and the two proton signal at 01.67-1.50 s:mpllfled_somewhat. Upon decoupling the

oton deublet at 8 1.1 1, the signal at 0287 simplified to a broad triplet J=4.6Hz,
NMR (CDCl,, 100.64 MHE) 0 202.7, 155.8, 138.4, 128.4, 115.0. 70.8, 61. 4,50.4,
409 32.2. 31.3» 30.3, “‘135 -0.70; IR (fim) 3430, 1665 cm; exact mass, m/e
296:1816 (cdlcd for C;H;;0:Si7 m"/*e-296 1§08 Anal. Calcd for C,H,;0,Si: C. 64.82;
H. 8.52. Found: C, 64.94; H, 8. 57 The. dlastereo:somer of lower Rf 123b (128 mg,
53% recovery, -major isomer) had: NMR (CDCl,, 200 MHz) 5 6.78 (dd. J = 10.1. 4.1 Hz,

| 1H), 5.92(dd, J = 10.1, 1.5 Hz, 1H), 5.85 (m, 1H), 5.13-4.92 (m, 2H), 4.02 (m, 1H), 3.69

(d. J = 6.8 Hz, 2H), 2.78 (m, 1H), 2.72 (d, J = 7.2 Hz, 1H), 2.64 (dd, J'= 8, 5.5 Hz, 1H),
2.45-2.05 (m, 3H), 1.88-1.52 (m, 2H), 1.13'(d, J = 7.5 Hz,-3H), 0.12 (s, 9H). Upon D,0

~

exchange, the doublet at o) 2.72 disappeared and the multiplet at 0 4.02 simplified to a -

quintet, J = 3.8 Hz. Upon decoupling the signal at 04.02, the signal at 6 2.64 collapsed
. to a doublet, J =8Hz. The2 proton multiplet at 0 1.88-1.52 also simplified somewhat;
13C NMR (CDCly, 100.64 MHz) ) 200.6, 138.5, 128.4, 114.7. 70.1, 62.1, 52.2, 41.8,
34.7, 31.4, 30.0, 14.9,-0.71; IR (film) 3440, 1660 cm!; exact mass, m/e 296.1796
{caled for Cy¢H,,0,Si, m/e 296.1807). Anal. Calcd for C,H,,0,Si: C, 64.82: H, 9.52_.
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b) Using an Ammonium Chloride Quench The reaction was performed exactly
as for a) above except that the reaction mixture was quehched by addition of saturated
aqu;eo‘us‘ NH,CI (10 mL). Workup and chromatography as before gave aldol 123 (504 mg
1.70'mmol, 85%) as an oil, partially resolvable (TLC: silica, 3:1 hexane-ethy! acetate) into a
mixture of dcastereonsomers. NMR (CDCI,. 200 MHz) showed that the ratio of 123a to
123b was 1:1.6., : .

c) Using a Boron enolate.. A solution of n-butyllithium(1.71 M, 1.3 mL. 2.2 mmol)

was added dropwnse to a stirred ‘soiution of dry dnsopropylamnne (O 34 mL 0.24 g. 2 4

mmol) in dry ether. (10 mL), cooled to O'C. The solutnon was stirred at thrs temperature for

10 min, and was then cooled to 78"C A solut|on of enone 120 (425 mg. 2. OO mmoll in

/

dry ether (3. O mL:plus 2.0 mL rlnse) was added dropwrse over ca. 10 min. The §olut|on

was stirred at thls temperature for 30 min and then dlbutylchloroborane’“° (0.415 mL,

0.353 g. 7.2 mmol) was added)dropwx‘se The solution was stirred, for 1 hat-78°C and

then 4-pentenal (80)(0.395 mL, 0.336 g. 4.00 mmol) was added |n, ane portlon‘. A,fter‘ 1h

"

at -78¢C a solution of anhydrous trimethylamine N-oxide"*'in dry methanol (1.0 M, 7.G mb\\:

7.0 mmol) was adde'd The reaction mutture was warmegd to Yoom temperature overnigh
and’'was then concentrated. Flash chromatogr,aphy of the residue over silica gel (15 x

cm, 4:1 hexane ethyl acetate, then 3:1 hexane ethyl acetate) afforded startlng enone 120
(106 mg. 0.497 mmol, 25%) and aldol product { (189 mg 0.570 mmol, 28% (37% based on

recovered starting material)). The product appeared to be a mixture of two partlally

]
i
'

" resolvable (TLC; silica, 3:1 hexane-ethyl ' acetate) diastreoi,_somers;' however, -

@

spectroscopic examination showed the ‘material to be a ‘mere complex mixture of
isomers: NMR (CDC,, 200 MHz) 8 6.95 (dd, J = 10, 5'Hz, 0.31 H), 6.77 (dm, J = 10 Hz,
10.24H), 6.55 (br d. J = 10 Hz, 0.16H), 6.00-5.61 (m. 1.3H. 5.13-4.87 m. 1H), 4.70-
3.28 (m, 3H), 2.94-1.46 (mi, 7H), 1.46-0.60 (m, 5H), 0.10, 0.09, 0.08, 0.06 and 0.04 (all

\ P ;
| ‘ PR

(4R:,5R' 6R*)-(£)-4-Methyl- 5-trnmethy|suIyioxymefhyl-& ((&') 1- trlmethyIStLyloxy 4-

singlets, total integration 10H).

pentenyl) -2- cyclobexenil- '

oxymethyl 6-((/-?*) ]- tr n!r
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“trimethylamine (O 675 mL O 490 g 4. 84 mmon and chlorotrnmethylsnlane (O 615 mL.
0526 g 4.84 mmoﬁ were added 3 solutnon of the dnasteremsomeruc aldols 123
(1.0269 g 3.46 mmo! in drv nther 430, mL) "4 N, N- Dnmethylammo)pyndme (66 4 mg.

O 544 mmol} was. added Qnd tha#mxture was sturred at room temperature for 18 h. The

reaction mixture was f’,r ’ through a pad of Celne (2 x2.5cm) whnch was then washed

with ether (ca. 100 f:ltfate Was concemrated to a few mlL and refiltered as

before. ’Concentr&ti'

silica gel (15 x 3 c' ”1 hexane-ethy| acetatel gave trimethylsilyl ether 124 (1.0677 g

2.890'mmol, 833 )wfi’h apparent!y homogeneous (TLC silica, 3:1 hexane ethyl acetate) oil: -

NMR (CDCI,, 20gM 'z) showed two diastereoisomers 124a and 124b in aratioofca. 1:2.

(AR*.,SR«,6R~)-(.+_)-4~Methyl-5.-trimethylsiIonxymethyl-G-((S )-1-trimethylsily|oxy 4-

pentenyl)-2-cyclohexen-1-one (124a). Dry tnethylamme (0. 149 mL 0.108 9. 1.07

mmol) and chlorotr;methylsﬂane (0.136 mL, 0.116 g, 1.70 mmol) were added toa solutuon
of.the minor aldol dlastereorsomer 123a (227 mg, O. 764‘:mol) in dry ether (10 mL). 4- (N,
N- Dnm_e;by,]amnno)pyrudnne (16.5 mg. 0.135 mmol) was ‘added and the mixture was stirred

at room temperature overnight. The mixture was fi!tered‘ through a pad of Celite (2x25

cm} which W‘as then washed with ether (ca. 100 mL). The frltr!te was concentrated and

flash chromatography of the res»due over silica gel {15 x 2 cm, 19:1 hexane ethyl acetate)

afforded trlmethygnlyl ‘ether 124a (240 mg 0.651 mmol, 859 %] as an homogeneous (Tl__C;

silica, 3: 1 hexane-ethyl acetatel oil: NMR (CDCI,, 200 MHz) & 6.66 (dq, J = 10, 1.6 Hz,

1H. 5.95.dd, J = 10, 2.8 Hz, 1Hi, 5.85 (m, 1H, X of ABX), 5.13-4:93 (m, 2H, AB of
ABX). 4.25 (dt, J = 4, 6.4 Hz, 1H). 3.75 (dd, J = 10,6.2 Hz, 1H), 3.51(dd. J = 9.6, 8.8Hz,
1H), 3.25 (m, 1H), 2.63 {dd, J = 3 8, 2.6 Hz, 1H), 2.47 (m, 1H) 2. 25 1.88 (m, 2H), 1. 77-
1.85 (m, 2H),"1.18d, J = 76Hz 3H), 0.11 {s, 9H), 0.08 (s IH) ”C NMR {CDCly, 50.32
MHz) & 200. 5 (s), 153.8 (d), 137.9 (d), 128 7%, 114.5 (t 73 5 (d), 60 51, 51.6 (d),

40.5(d). 35.2 (1), 30.5 (d), 29.5 (1), 16.8 (q).-0. 14z(q) -0.80 (g); IR (film) 1670 1640 cm- 1

~ exact mass, m/e 368.2200 '(calcd for C”H,éO,Sl,, m/e 368.2203). Anal. Calcd for
C14H:0:Six: C, 61.90; H, 9.84. Found: C. 62.06: H, 9.89. | E

P e - |
A . .

s

the solution, and flash chromatography of the resndue over

-
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4

(4R~"5A"~ 6R~)-(+)-4-Methyl-5-trimethyIsilyloxymethyl-G-((R;%Ptrimethylsilyloky‘a-
pentenyl) 2 cyclohexen-1-one (124b) Dry trnethylamme (O 297 mL 0.726 g 2: 13

mmol) and chlorotrimethylsilane (0. 271 mL, 0.232 0 2 13 mmol) were added to'a solutlon' ‘

of the major aldol diastereoisomer 123b (452 mg, | 52 mmol) in dry ether (20 mL).
(N.N- Dlmethylammo)pyndme 28.2 mg. 0.231 mmol) was added and the mixture was
stirred at room temperature o,vermght. The mixture: was fq_ltered thrcugh a“pad of Celite
2' x 2.5 cm) which was then washed with‘etr‘wer (ca.“fOO mL).  The. filtrate was
concentrated and flash chromatography of the resndue over silica gel (15 x.2 cm, 191
hexane- ethyl acetate) afforded trnmethylsulyl ether 124b (508 mg. 1 38 mmol 91 /o) as an
'AAhomogneous (TLC: snhca 3: 1 hexane ethyl acetate) oit. NMR (CDCl, -200 MHz) 5 6.95 (dd,
J= 10y 4.8 Hz, 1H), 589(dd J— 10. 14Hz 1H), 5. 83(m H. )(of AB)’system) 5 11-
4.90 (m, 2#, ABofABX system), 4.39 (p, J = 4.4 Hz, 1H} 3.95 (dd, J =, 108 6 Hz, 1H)
3. 53 (dd, J = 10. 8 8 4 Hz, 1H;, 2.83 (m: 1H), 2.56 (dd, J = 8.8, 4.8 Hz, 1H), 2.47 (m, 1;:1),
2.29-1.92 (m. 2H), 1.72-1’._37 m. 2H), 1.11(d. J = 7.4 Hz, 3H), 0.%3 (s, t8H):;13C NMR
(CDCl,. 50.32 MHz) 6 198.8-(s}, 154.3 (d) 138.3 (d), 128 3 (d 114 4 71.7 (d) 6‘1 3

(t. 51.6 (d}, 40.7 (d), 33.0 (t), 30.2 (), 299(d) 1380, 0] 19(q> -0.74 (g lR(fulm‘) 1670.

1640, 1623 cm'!, exact mass, m/e 368 2204 (calcd for]Cl,HMO Su 368. 2203) Anal.
Caled for C,QH,,,O s.7 C.61.90.H, 9.84. _Found: C, 62. 471, 9.99. ‘

(1R*,5R~=,6R*, YS+)-(£)-5- Methyl 6- trlmethylsnlyloxy methyl 2-oxo- 'Y trm'(ethyl- ‘
- srlyloxy 3- cyclohexene 1-butanal (125a) and (1/?* 5R«, 6A*, 'YR*) (+)-v",

'a) Qzonolysis Usmg a Tnmethylphosph:te Workup. Ozo e was bquled

0. 552 mmol) in dry methano (10 mL)., cooled to- 78°C, untit starti g\aternal had ;ust

disappeared (TLC snllca 9:1 hexane-ethy! acetate). - The reaction mixture was fairly clean

{one - major spot presumably correspondmg tq‘ the /)ionolysis produFt)

>Tnmethylphosphrte (0. 10 mL, 0.105 g, O. 848 mmol) was added and, after 5 min, 'fthe
solut:on was warmed to room temperature and concentrated HoWeyer analysis of the

' crude reaction product at thns stage (TLC, silica, - 9 1 hexane ethyl acetate) showed no
, ’ ,

m%ternal whnch moved from the baselme Furthermore the residue was' no Ionger soluble g

N
. ~
' - . . . NN
TN - . . : 5 .



in ether

‘ b) Ozonolys s Usung a Dlmethyl Sulfide Wm'kup Ozone was bubbled thrdugh a

L . ‘.lvsolutaon of the dsa' tereoasomenc mnxture of tnrnethylsnlyl aldols 124 l36 B8 mg O 0998 . o

o ';';’ mmol' ll'l dry methanol l5 mL) cootw to '78°C untul startlng matenal had ;ust dlsappeared o
: :tTLC snllca' 3 l hexane-ethyl acetate) Agam the reactlon mlxture was fanrly clean lone - o

1 ma;or spot) Dnmethyl Sulfnde l5 drops ca O 25 ml. 0 21 g 3 4 mmoll was added and the

: J'.:SOluthn was warmed to room temperature Analysns of the crude reacmon mlxture at thls

{'.'tlme however (TLC suluca 31 hexane ethyl acefate) agaln showed total product

: vdecompos:tlon slnce no TLC mobnle materlal was detected

c) Ozonolysls Usnng Workup by Hydrogenetlon over Llndlar s Catalyst Ozone

T
ol

,.was bubbleo thr‘ough a solunon of the duast?reousomer\ac mlxture o ; tr§|methyl5llyl aldols \ A ) |
‘ -:124 (34 1 mg 0 0925 mmol) in dnc/\loromethane l5 mL) cooled to. -78°C untll startmg

: ",‘materlal had just dlsappeared (T LC snllca 3 1 hexane-ethyl acetate) The solutlon was

: ",’u:"?‘warmed to room temperature and concentrated The resndue was dlssolved ln hexane (5 B

' l Lmdlar s catalyst lca 0 2 9 was added and the mlxture was sturred at room y
..__temperature under an atmosphere of hydrogen Af_ter 24 'h"app‘?’-"@am')’; 50[.,_ y

i
.

-'conversaon lT LC) to aldehyde 125 had o(bcucred

d) OZOnolysns Usmg e Dlmethyl Sulﬁde Workup Ozone was bubble d through a i o
'solutlon of the dlastereolsomerlc mlxture of tnmethylsalyl aldols 124 l34/3 mg O 0930 '

- 'mrnol) in: dlchloromethane (5 le cooled to -78°C untll no more startmg materlal remanned

\ . (TLC suhca 31 hexane ethyl acetate) The solutlon was war-ned to*oom temperature and

dlmethyl SU|flde (O 25 mL O 21 g 3. 4 mmol) was added A_ er st:rrlng for 24 h at room
temperature very Ilttle convers-on to aldehyde 125 had occur ed (T LCl b

rkup Ozone \\D/as bubbled

e) Ozonotysus Usmg 8 Borane-Dimethyl Subﬁe "

through a solutnon,of the duastereolsomerlc maxture of trlmethylsnlyl aldols 124 (74 0 mg

) -0, 201 mmol) in. dlchlorornethane (7 mL) cooled to 78°C until nq more startmg materlal o .\
remanned 1) LC; suluca ‘3 l hexane ethyl acetate) A Solutlon of BH lCH,) S ll'l THF (1. O M. ‘
O 25. mL 0. 25 mmol) was added and the solutlon was warmed to roorn temperature No e
aldehyde 125 could be detected (TLC) Lo e ) '-“_ » ° V ‘.

f) Ozonolysls USmQ a Trlbutylphosphtne Workup Ozone was bubbled through a 1

solutuon of the dlasterecnsornerlc mlxture of tnmethylsllyl aldols 124 (133 e'hg O 360



k-mrnoll m dlchloromethane l10 le cooled to -78°C untal

‘irema;ned (T LG suhca 3 1 hexane-ethyl acetatel Tnbutylphoﬁphme (O 100 mL 0 812 g

o _‘ [ 3 1 hexane ethyl acetate\ gave aldehyde 125 (370ﬁ~ng 0 999 mmol 761¢) asa

o .:- RO

SR
R,
o

“: oxy 3- cyclohejne' -butanal (1253)
o)

- ,':"‘-i’trlmethylsalyl al

i 0@1 mmoll was added and the solutlon was warmed to room temperature After an I

= =.'overnaghtperuod at‘ room temperature none of the_ .esured aldehyde 125 was detected

f. - 1 31 mr‘nol) lh dry dschloromethane (30 le cooled to 78°C untll the stal:tmg materlal had

_}yust drsappeared (TLC snhca 3 l hexane ethyl acetate) The solutlon was warmed to room i

3 'temperature and trlphenylphos\phme l690 mg 2 63 mmoll was adde 8 The solutlon was

: 1stlrred at room temperature \for ca 22 h and was thenz concentrated Flash SR

apparently

- ¢hromatographv of the resrdue over smca\gel (15 x 2. cm 9 1 hexane'ethvl ajetate then '. BRI

homogeneous (TLC srllca 3 ¥ hexane-ethyl acetate) oll NMR lCDCl 200 MHz) showed
the presencje of the two dlasteremsomers 125a and 125b ina ratlo of l 1 9

(1??' SR' 6R~ 'YS')(..)-S-Mathyl-s-tnmethylsnlyloxymethyl 2-oxo-7-tn‘

Ozone _was—b vle’d'(-th‘roo'g'h‘;a\- f‘s:oluti'on 'o,f
i 124a (derwed’ from the mmor aldol dlastereorsomer 123a) QOQ mg

0 542 mmoll n’l dry dlchlorornethane (15 le cooled 16 ~78°C untll the startmg materlal
‘:-“'had ;ust dlsappeared (TLC smca 3 1 hexane-ethyl acetate) The solutlon was warmed to
room temperature trlphenylphosphme (285 mg Ty 08 mmol) was added and the solutlon
j?.y"'was sturred at room temperature for\8 h: Concentratlon of the solutlon and flash

' chromatography of the resrdue over s»hca gel (15 x 2 cm 9 l hexane ethyl acetate then

i

\' 3 1 hexane-ethyl acetate) gave aldehyde 125a { 135 mg 0365 mmol 67%) as lan |
' \\ homogeneous (TLC: snlzca 3.1 hexane ethyl acetatel oal NMR (CDC!,, 200 MHz) 5 9.79 (t

\J'13Hz 1H)665(dq J’lO 13Hz 1H) 593(dd J‘10 28H2/1H) 425(q J“k

‘ [_{5Hz ‘IHl 371(dd J 95 45Hz 1H) 351(dd J 95 88Hz 1H) 313lm 1H7
. 266-2.35(m, 4H)1.98- 1. 75;-rm,, 2H), 1. 16(d =75 Hz, 3, 0.06%nd 0. 04 (2s, total

v"'mtegratlon 18H) "C NMR (CDC_, O 32 MHZ) 5 201 5 (dl 200 1), 154 0 (d) 128 6 ld)

s ,'nsld) eoem 5,; S(d) 407(dl 3esm 303(dl 2eom 166lql 0. 14 (q) 077(ql




lR (fllml 1720 166 cmx exéct mass m/e 370 1961 lealcd for
370 1995l Anal calcdfor c,.H..o.s.,

o (1 R~ SR“ i3 ”") (:) S-Methyl-G-trlmethylsllylox,ylﬁpthyl 2boxo-'Y-trimethylsllyl- o
| ox 3-cy¢;lah‘.’xf.1ﬁg{ j‘ tanal (125bl ubble " solution of

had 1ust dlsappeared (TLC' snhl:q 3 l hexane-'ethyl acetatel The mlxtur " _',‘ (:"‘
room temperatu e trlphenylphosphme l3 14 mg 1 19 mmoll' ‘_" :s added and the solutnon 5

was stlrred at ntratlon of the/solutlon and flash

6om temperature for 8 h .Co'
hromatograph of the resndue over/lca’gel (15 X 2 cm 9 1 hexane-ethyl acetate then :
3 1 hexane~ethyl ‘acetatel gaﬁ aldehyde 125b (162 mg 0 437 mmol 73%) as an ':.
homogeneous CFI:C/sQS 1 hexane-ethyl acetate) o:l NMR lCDCl 200 MHzl 5 9 79 € .
= B Hz, 1H) 637 (dd J— 10, 46Hz nﬁ 590(dd J= 10 2Hz n-ll 441, s
4.8z TH, 382 (dd 1=.40.8. 6.4 Mz, M, 3.511dd. J = 10.8, 8.4 Hz, 1H, 294"(m'f,]5“{'
. lH) 2 61 2 30 (m contalmng at 5 2 58 a doublet of doublets J =9, 2 4, 8 Hz total'
"f. .ntegranon am), 1 98-1 ‘66 lm 2Hl 1 12ld J 52 Hz 3H) 0. 12ls lBHl e NMH (CDCI, s
‘50. 32 MHzl &201 S(dl 1987(sl 546(d) 128 1(d) 71 lldl 61 1, 51 3(d) 40 8;_1.
(d) 40. s m 29 sld) 26. om 13, 7 (ql\o\oe (ql ‘0. 76 (q) R tfllml 4715 1660 cm’ exactrf’f’. L
mass m/e 37011993 (cal d for C,.ﬂ,.O.Sl, 370 1995) '\Anal Calcd for C,.H,.O,Sl, C

-
se 33 H, 925 ‘ Found (of 58 53 H, 941 {' e AR

A (1a 70! 8& Baal (:) (1 2%378aa-Hexnhydro~7-methyl-8-trlmethylsllylbxymethyl-‘%f‘ﬁv‘ \\

' -naphthalenyloxy)trlmethylsllane (126&) and (1a 7 B 8;3 Baﬁ)- (;l:)° (1 23788:-7

R N

R
" - Hex-hydro-7-methyI'8-trimethylsllyloxymethyl- -naphthalenyloxy)trlmethylslltne

aldehyde 125 (155 mg 0 ;;7 mmoll in dry DME 140 le was added by motor drlven T
synnge pump over ‘l4 h and reflux was contmued for an addltlonal 24 h The mlxture was

- then cooled to room temperature and fllteree through a pad of Floﬂsﬂ (6 x 2 cm :overed

Y



ST ‘*exact mass, me 338, 2093 (calcd for c,.H,.o,s., m/e 339 2097’)

' ‘_'CONCG'“'&UOH Of the flltrate and flash chmmatogriphy Qf

"*Thls reagent may have been of mferlor quahty /‘ : : "_:-j“ "

e dnven syrmge pump over 14 h and reflux was contmued for' an ldﬂmg‘la : ‘4‘h . Tha DR
i maxture was then coolad to rpom temperature and flltered through a pﬁd (of Flonstl .6 x2

o em covereq bV 8 1 X 2 cm pad Of Cellte) Wthh was then . ashed " th'ether (ca 140 mL) =

o cm, 49 1 hexane-ethyl acetate) gave bnstrnmethylsulyl ether 12651(92 9 mg 0 274 mmol - L
’ b_"‘»‘:78/o) as an. homogeneous (T LC; silica, *19: A hexane-*ethyl acetatd) ol NMR (CDCI,, 200 : .5
Mz § 55824, J = 10 Hz, 1H) 5. 73(dd, 4=-10, 5.5 Hz. 1H, 6. 47{(br . 1H,3.87 dd,
T srss Hz, 1H) 3. 75 . lH) 3871, J- T Hz /lHl 266m, 1H,2.17 lm,‘ .2 034

173m, 20,1 73-1.47 . 1H, 0.95 (d, J 7Hz 3, 0195, 9H,0. 1’4 ®,; i
o .‘_ldecouplmg the sngnal at 5 0 95 the sngnal at 5 2 66 collapsed tﬁ a trlplet, 4 -1
.'f{,fiwn (coa 50 32 MHz) 6 l36 5 (s) 133 9 ldl 127 7 ldl 122 9 ldl

. .'b'*"“a 76 83 8'3)' (:l:l- (1 2 3 78 an-l-loxahydro-7-methvI-B-trlmuthylsllvlox‘/mo/thw-; o

. .naPhth-lcnyloxyoxyltrlmcthylsilan- (126bl T he general procedufe of ,,ferm“ 81 |
:was used wnth some modlflc,at\ons Dry DME (20 le was added to a rmxture of T‘CI * '

B ‘(0 79 g. 5 12 mmoll and Zn*Cu couple ll 75 g 2] 8 mmol) and the rgsultmg slurry W‘sjff. : S

9 .

idue over snlrca gul (15 x o




nfm ‘dry'DME (40 i) was .

| ’;".f_v‘for 1 h A sotutvon of anone aldehyde. 125 (224 mg, 0.
‘fadded b "'motor dnven.syrmge pump over 16 h and réflux was contmued for an 8ddltl0nﬂ‘_:

L 12 h ."The muxture was then cooled to rcom temperuture and fultared throuqh "of
o _ Celste (6 X, 2 cm) whuch was then washed wuth ather (ca 140 mL) Analysns of tﬁe rahctio f

"j:fmnxture at thns stage (T LC snhca 9 1 hexane-ethyl acptate) showed one ma;or produc,

o (hlgh Rﬂ Upon evaporatnon of the solvent however thus mmal product dlsappeared an’d 2

was raplaced by a ppartnally resolvable (TLC smca, ethyl acetato) mvxture of two 'polar

_‘ f?‘;. products Flash chrcpmatography of thls matenal over sxhca gel (15 X 2 crn 1 1 hexanr ﬁ ﬂ'






iy

*

LA

\
‘ ,;Aftér T’b mm the solutnon was ooncentratod and ﬂash chromtography of the rosudue

duntercbmomr 123&!46 5‘;~mg 0 137 mmol) m THF (2 0 mL)~ tt room tempentura

| over. silica gel (15 x 1 cm 11 hexene-othyf acetate then pure ethyl acetate) gavo dnol

127a (22 9 m*g p 18 mmol 86%) as an homogenaous (TLC s:hca atﬁyl aoetate) oil. wh»ch

o ,“‘sohdufned on: stohdihg mp 77 79‘(: Thns compound was dentncal (TLC lH NMR (200

o, {-_-‘ 'MHz)) to the hnghel*\Rf (mmor) component of the dnol mnxtur 127

i fﬂa 73 aﬁ S-B - *f“i)
:.1‘Ionot (127») A soiuuon of tetmbutylammonmm fluorude in THF? (1.0 M, 0. 75 mL, Q.75
‘ jj;mMol) was added to a solutnon of bnstrnmethylsnlyl }ber 126b (dernved fr[:m the ma;or aldol

E snhca gel (15 x 1 cm,,}

: of .n-butyllothu_rn in hexano { 1

,_-1 2.3 7 8.8!-Hoxnhydro-‘}-mothyl-a-hydroxymothyr- -naphtha-

o i’dmstoreocsomer 123b) (‘!05 g, 0.3 10 mmol) m ‘PHF . Q mL) at room temperature After
. .10 min, the solutuon v

\;1 he«mi-othyl acetate. then pure etHyl acmte) gave dnol 127b

: _": (57 3 mg 0 295 mmol :\95%) as an homogeneous {TLC:; silica, ethyl aomte) whcte solnd
, whach was crystalhzod i
*;;«mp TLC :Hwa(zoof

m banune mp 118-1 19. 5°C Thts compound was ndentscal
Hz)) to the lower Rf ﬁ'ﬂtjor) component of the dnol mnxture 127

Sl
; -

\ ¢

|

|
i

uRRss 5RRS$ 6RRSS)-4-M thyl 5-mmnhyasiiyloxymcthyo-s-«wsﬁs 3RRRR) 3-
: ntothyl- -trimothyls"yloxy

8 M, 1 48mL2.19 mmol) was added: to s solution of oy

.‘-\ ]

S ooncentratad and flash chromatogrgphy of the resndue over :

othyl-4-pontonyl) 2-cYclohox-n-1-om (136) A solu‘tnon




Sohtion of ncrie 120 428,mg 2.00 mimeil i dry sther 30 m. p\wz O mi. giisw) was
added &’epwm ever e, 20 mm. ‘ 'm- iptmieh was mir\nd emm te?npenﬁn to5'1 h. and
\dphydc 135: t263 mg of cd‘ asx puro"m,neml r:n 2 2 mmel) in dry ither (2 0 mu ;
ﬁa# added fellawed lﬂer 5 min hy tumeg NH.C! (10 Tm rmxture was. wermed ‘, R ‘
to roohtempgmwu thi lﬁyers vyere npgmed nnd thm qwus phau wu extm:t/ d
' f mt‘h" m_@g,zo mL. The cmm j' bns were drndand cencmatad Ft[ah "3,:‘ . |
‘ bmnmnography of the resxdue 6ver silica-get (‘1S\x 2 cm 33 7 anm-ethyl acetate wnn Y
rechromafogrephy bf wnpure fl’lcttOﬂs 18 x 2 cm 9 1 hexaqe-ethyl eceme) gnve en aidel

E product 1366 mg 1,24 | 62%) es a pertuuy resolv le.(T LC: silica, 3.1 hexme-ethyl |
acetate) rmxture mers: fR tfnlm) 341 . 670 e,

Thns proquqt . dlssolved m . nL), * and. 1reated w:th dry - ]
dnsopropylamme 0.21 ‘mL. 0. 15 9 L 5mrhol) and'chldrotnmethylsﬂene {0: 19N 16 g .
1.8 ‘mmol). 4-(V, N-Dmthylammo)pyndme (20 mg. o 16 mmol) was added and the mnxwre '
was stirred at: room. tempereture OVefnaght The reecnon mux'ture wes then f:ltered .
through 2 pad ‘of Cehte @x25 cm) whnch was washed w:th ether (ca /100 mL) The
fnltrete was concentr*ated end ﬁash chromatography of the resudue over: .silica gel (15 X2 1
.cm, 91 hexm*ethw acetate “with rechromatography" of umpure fractlons 15 x 2cm, . |
19:1 hexane-ethyl acetate) afforded tnmethylsﬁyl aldol 136 1382 mg. 0 .999 mmol B1%) |

as a clear -c'olo(xriess ep;#rently homogeneous (TLC sullca 3:1 hexane-ethyl ecetate) oil.
Speetroscopnc analyecs 'rowever mdncated the presence of four dnastereousomers NMR- _
'cu, boo Mz} 6696678 (m. 0.55H), 6.88-6.55 (m, 0.45H), 5.89-5. 81 m M, |
81-857,m, 1H), 5. 09-4 84 (m, -2H), 4. 50-4 36 (m 0. 55H) 4. 36 4. 20 (m 045H) |

. :j-a m. ©. 4T 3.78-3.64 im, 0.55H;, 3.56-3. 40'm, 1M, 3.34-3.13 (m, 0BH,

./3.00-2.81 (m, 0.5 265209(m 3H) 1.714- 138(m 1H) 138-120(m 1H), 120- ’
094 im, compcseqé of9peaks total integration 6H), 0. 12 0 10 0.07. 006 003 0.00

(6 s ‘total integration 18H) 3C NMR (CDCI, 50.32 MHz), showed 56 resolved svgnels 64 .

expected for 4 dlasterems mers) Many of these sngnals appeared in groups of four IR
‘ _(fnlm) 1670 1640 \625 m' exect mass, m/e 382 2356 (calcd for C,,H,,O,Sn, m/e

L



| "hnm.unm.vmssmns&hmm (1.1.3.{‘ f,umerota,/r-utmmw-&-m-’ |
wleuyloxvmmmwmﬁoxymf'f'" um th. Ozcne was bubbled
theough” & solution of trmmuyr aidol . m mo ™G, 0.835 mmdl in dry.
. ‘brchioromem cooled to -78‘C until mrtmg mmm just ﬂiuppufed me: silica.
| ‘,‘3 1 ‘ Wﬂhw lcetne) ‘The eolutson wes Wmed to rQom tompermnre‘
: npnenwphosphme (439 mg. 1.67 mmol was edded md the soiuﬂbn ms mrred at room
_ ‘ tempereture forJB 14 h Comemret.on of the solution and. flash cfvomaogrephy of the
o remdue m mlm ﬁel (tb X 2 em, 19: 1 hoxm-ethw mme M - 1 hem~ethyl
tceute) lfforded e cleer olourieee epperemly homogeneous'(TLC mhca 3 1 hexane
'»ethyl acetate) oﬂ(192m9 0. 500 mmol, 60%). R .

- . Thrs\compomd was ‘converted dlrectly to bosmmethyimlyt ether 137¥uemg the. R

: generel procedure of reference 81 Dry DME (20 mL) was edded 1o 8 Mmixture of TnCl, N '

(1.14 g 7.38 mmol) end Zn-Cu couple (1 02 g 15 6 mmol) and the resultmg slurry was
: heated at reflux for Th. A solutnon of the ozonorysns product (192 mg 0 500 mmol) in
dry DME (20 mL) was added: by motor. dnven syrmge pump over 16 h and reﬂux was
" continued for an addmonal 12 h. The mixture was then cooled to room tempsrature and -
fultered through-a pod of Flonsu (10 X 2 cm) whuch wes washed wrth ether (ca. 160 mL)
Concentration of the foltrate and flash chromatography of the res:due over srlnca gel (15 x
2.cm, 1S 1 hexane-ethyl acetate) gave bnstrrmethylsrlyl ether 1 137 (118 mg. 0 334 mmol ,
/ 67%) as an apparenﬂy homogeneous mc; smca 19 1 hexene-ethy! acetate) oil; / NMR
/ (CDCI, 400 MHz) showed the presence of 4 duastereonsomers ina ratto of 1.7: 1.2:0:1. 5
'5.95 m, 1H), 5.77 (m 1H) 5’49‘2(m 033H) 543(m 021H) 539(brs 021H) 527(br_ :
s 025H) 409(m 05H) n03-372(m 1 5H) 357 (t J= 12Hz 05H) 351 340(m |
0.5H),- 270223 (m, 2H) 2; 18~160(m 4H) 1. 13 .01, 0.98. 097(d J-* 8.Hz.and -
‘0. 90 (m, total mtegratnon 6 H7, 0.15,0. 10, 0 09, 0 08 5. totel integration 18H); ”C NMR v
(CDCI, 100.64 MHz) $ 135.5(s). 135. 0 (s). 1134.4 (d), 134 1), 133:6 (d), 133 3d,
133.0(s). 131.5.(s), 1296(d) 1294(d) 1293(d) 128. 1 (d), 128 7@, 1284(d) 128.0 .
Ad), 1278(d) 72.8(d), 69.01(d), 666(d) 66. 14d), 632(t) 63.11(1). 61. 7(t) 455(d) 453
(), 42; 3(t) 41.4 @), 41 .0 (d), 39.45 {1, 3940 (1. 38.2(dl. 37 8 (d. 37 0 (d. 36 6 (d)
.36.3 ), ‘30.6 (d), 30.5 (d). 30.4 (d), 30.3 (d). 29.5 (c!), 28.0(d).26.1(d). 23.6 (g, 21.61(q), |
21.5(q). 21.4 (). 14.7 (@), 14.6 (q). 13.81(q). 13.76 . 1.131q, 1.08 (q). 0.83(g). 0.63




'C..H,.O,Sl,. m/ . 352 .22&3)

(1ASAS. IARAR, TRASS. sg\nss.um,ss»«uz.a ummym 1-¢m-uww
heroxymathyM-mpmlmol (\3!). A w&uﬁm of WMmonm Wm n

- THFY 41 0 M 1.0 mL 1 0 rvm!) WCQM ta » uolutton ai bbstrirmmmuw m 131

187 mg, 0.663 mmoll R THE (3.0 MUl st Toom tempersture. The soktion vies
) .concomrqtnd and flash crwomatographv M the rwdun over nnm gnu,w x 0 b em, 1 1 ‘
”-v‘,mwwmmmm 138(38.8 mg. mw;m Fyny
'to be 2 paftiauy ruomblq m.c; mca 1 1 hoxm-othyt i acouto) mmturo of B
| diastere isomers: NMR (CDC!,, ZOOWz) o 6 05-5 89 (m 1H) 5. BO’S 83 im, 1Ht 5. 59
, (brs OZQH) 5.51 and547(overlappmgmultlpht$ 02H} 538!brl 029H) 430(brt4 v
1.5H), 3 96-3 62 im. 2. SH) 3. 53, 3.23 md 3. 10 (ovcrlappmg broad singlets. 1H) 2.72-

N

2.20. (m 3H), 2.20-1.60 (m 3H), 1.51-0.09 (m containing doublets st & 1.23; 0.95,

0. 8# 0.88,J=17 Hz total mtegrat»on 6H). Upon D,O exchang- tho foliowing changes
- were observed: the sngnal at 64.30 sharpened up to 8 multiplet and integrated for 0.6H.

The sigrals at 6353, 3. 23 and 3. 10 dtsappnred HC NMIR (CDCI, 50.32 MHz} showed

: ‘the presence of four diastereoisomers: 5 134 3. 133.2. 133.1, 133.0, 132. S, 1317,

1309 1306 1302 130.0., 1287 1286 128.0. 1279 713 675 661 66.0,
653 45.0, 42.3, 417 41.5, 40.5, 403 38.8.38.61, 3855 385 382 379 349,

 348 333 330 308 300 27.7,25.7, 229 21.8. 214 20.8, 152 14.7, 14.6.

' 14.00 R (cucm 3360, 3420 cm*; exact mass. m/e 208.1467 (cSlcd for c,,H,.o, mie

208 1463)

!

cis (t)-G-Mcthyl &cyclmxm 1-mothanol (1\99) A solutnon of ester 108 4. OOu g

25, 9 mmoll.in dry TFF (5 ml.) was added dropwnse to a suspens:on of LoAlH. (1 00 g 26.4-
mmol) in THF. (100 mL)‘ The muxture was heated at refiux for 18 h, and was then coolad m

ice. Cehte (cos 3 g) was added and the mixture was hydrolysed by careful addition of
. water (3 mL) 10% NaOH 3 mL) and water (9 ml). The precupnate was ﬁltered off and

washed wrth ether (ca. 100 mL) The fnltrate was washed wvth saturated NaCl! (50 mL) and
the. aqueous phase was extracted wath ether {2 x 25 mL). The combmed ether solutndns

. .
‘ & :
A . ) o ' Te



| o 32.4m, zuw za.zm zu@.mfwma-aroo mogm exact mass, mie
126 foa;iqam for c.ﬂ,.o mmm im w wm c.u,.a . nu n
oung: C. 76.11: M, 11.20. | :

eisithan mmmuw»-a-mwnmm (1400, :
o dwm,rm ﬁumdprmtofuform 113wnuud arovm
"‘11&{ 8 mi, 4563 28% mmon wulddoddropwm toavéaorowiy "stirred, mcoohd
.oim.on of. wipmymspm 8.97 mL, 10.6 §, 34.2 Ty ether (50 mL), with
protoctson from mocsture Orierite tubﬂ A solution of sicohol 139 (3.00 -} 23 8 mmol)
and pyrldmo (1 92 mL 1.88 g, 23. 8 mmol) in ether (10 rﬂugwas added and the mixture was
' sturrod at room t-mpornuro overnight. The mxturo was poured mc wator “the laycrs
'wm upantod mdﬂnmmsmwaoxwmwmmaxsomu Thc
combmod sther solutions were drood and -concentrated. Flash chromatognphy of. the

‘ rasudul over silica gel (15 x 5 cm, hem) and Kugofrohr dnmllquon (150°C, 15 mm) gtvc .
bromide 140 (3.53 g, 18.7 mmol 78%) as an homgmous ('}‘LC silica, hexane) oil of
greater than 96% purity (vpc cm 150°C): NMR (CDCl,, ZOGMHz) 5561 (m. 2H). 3.48-

. 3.25 im, 2H) 235-168(m 6H), oso«s J=7 Hz, 3H); "cmmccou, 5032MH2)6

,'1254@ 124:6 (d), 39.8 id). 363m 32.3 (v, 29.4 (d), 274«) 14.0 (@ mmm) 1645
cm; euctmass m/e 190.0181 (calcd for C,Hy"Br. m/e 190. 0182) ‘m/e 188.0195 N

(calcd for CH,"Br, m/e 188.0201. Arial. Calcd for C.H,,Br C, 50.81; H, 6.93.
FoundC5107H696 L .

b} Usi‘ng Pﬁosphorus Tribromide. Phosphorus tribromide H 9 mL 55 g 20 _

mmol) was added dropwise to a-stirred solut'on of alcohol 139 (2.50 9 1 8 mmol) in dry

ether (30 mL} with protectuon from moasture (Dneme 'abe) The muxture was then heated

at reflux for ah, cooled to room temperature and pourod onto an vce-water mixture (ca f

- 200 mL). The mixture was extracted with ether (3 x 10 mb) and the combined: ether

1




mﬂh&ymwouwz,ovammmwmmmmgow

nnzxmﬂomlwwmama g, t.ﬁ’l mwmcy mn wﬁ.’pm ' o |
mrmﬁmmwrﬁhnwucmmdfpr is h At thisﬁmc Mvm afthc
* reaction mixturs (TLC: sitica, 3: 1 hexane-sthyl acetate) showed bromide 146 nd lpoxm
Ntobomonlv rgmor cmomnuprcum - . ' "
.~ b) By thmm-l-hloson Exohango A solution. of urt-butywwum in ptnm .
Bt .96 M. 0.27 mL, 0.53 mmol) was added dropwise 10 8 stirred solution of bromide 140.
(50.0 mg. O.m%ol)win dry THF (3.0 mL) cooled to ~78°C. Aftir;tb min. epoxide 78 .
80.3 mg, 0.262 mmol) in dry THF (1.0 mL plus 1.0 mL.rinss) was added and the sokition
wa/;‘ warmed to room tompontun No reaction was observed {TLC: silica, 3:} hexane-
ethyl acotate) and so boron trifluoride othorat. ©. 032 mi.. 0.037 g 0026 r
added. Aftar 3h at room tompcrmuro no coo.plod products| could he "detected (NMRI, ;
Smhr obsorvnttons were mado ‘when ethylene oxide was us instead of opoxnda 78.

]

T

-

Attompt.d Pnpanﬂon of m Gflymrd ‘Resgent from Bromidc 140 A rﬁixture ofk
mhydrous MQCt,1 ( (222 mg. 2.1 mmoﬂ and potasscwn metal (163 mg. 4.18 mmol) in dry ‘
JH: (5.0 ml.) was hutud :t refiux for 3 h. Bromide 140 (54. 3 mg. 0.287 mmol).in dry
THF (1.0 mL plus 1.0 mL rinse) was added and reflux was continued for 2 h. No starting.
bromide was detected (TLC: silica, 3:1.hexane-ethyl acetate) and so bonzaldehyde (é3.4
mg. 0.315 mmol) in THF (1.0-mL plus 1.0m rinsa)-wis added a;md reflux was cohé\wued
for 10 min. None of the des:red coupled product was presant {TLC companson with an
authcrmc sample)



*"'73771oww5mu m 295«& .;-" |
| zza»watm e 0.91 (. J-ma.:m ngmmcocn, 22.6 MH2) B 139.3, 1288 \ %
| 128.8.125.6. 36.6, 35.8, 32.3, 29.9. 28.3, 14.7. R (fiim) 1850 cmi; exect mass. m/ e ' |
' 218.1126 (caled for CyHyS, m/e 318.1130), Anal. Caicd for C,HuS: C. 7701 H.
8.31. Found C.77.18; 4, 8.39.

cis-(t)-((&Mothyl-a-eyélohoxon-1-ylmmmumnylbohzom . {142, The general
procedure of rofomnu 117 was used: Aguedus NeiO, (0.5 M, 12 mL, 6 mmoil was added

" to a solution. of ‘sulfide 141 (1 08 g 4.95 mmon in methanol (50 mL). The mixture was
stirred at room torrpormc overnight. diuted wﬂh water (250 mlL), and oxtractod with
CHCH (3 x 100 mL). . The organic cxtr:m were washed with ssturate’d NaCl (100 mL}.
dried, and conccntrmd M momntdwmy of the residue over silica gol (15 x-3 cm,.
3 hexano'ethy' mm) aﬂord.d sulfonudo 142 (1.09 g. 4.65 mmol, 94%) as an
apparan‘ny homogeneous (TLC smca 31 hoxmcthyl acetate) oil which par'tnaihy soliditied |
on standing: NMR (CDCI,, 200 N!-lz) showed tw«diastorooasomers in approximately equal i
proportions. .0 7. 71-7.60 im, 2H), 7 60-7.44 im, 3H), 5.72-5.56 (m, 2H), 2.90-2.48 (m,

. 2H), 2.48-1.56 (m, 6H), 0. 88 (2 overlapping doublets, J = 7 Hz, 3H); ”CNMR(CDCI, 22.6
MHZ) & 131.0, 130.9, 128.2, 126.2, 125.8, 124.7, 124.4, 124.1, 123.9, 60.7. 60.5.
32.4, 319, 31.6. 30.8, 285, 29.0, 28.4, 15.9, 14.8; R (film) 1650 cm"; exact mass.

: m/e 234. 1077 (calcd for C,H,,0S. m/e 234.1078). Anal. Calcd for C,H,0S: C.
‘71 75 H.7.74; 0, 6.83. Found:C, 71.86; H, 7.76. 0, 6.56.

*



. ‘n*butylllthlum (1 71 M, o 64 mL, 1.09'm

‘Ji. 1‘1 32

C/s-(+)~6 Methyl 3~cyclohexene 1-propano| (144) Ethylamlne (ca. 5 mL 3 4 g. O 08

i

£

4

oli in"hexane was. added- dropwnse to a stlrred

then pure ethyl acetate) gave unreacted sulfoxnde 142 (30 S mg 0 132 mrnol 13 ) and

g‘ ~alcohol 143 (151 mg 0 543 mmol 55 g l64°/o based on recover, d s artlng materlal)) as an

.v',;'fdlasteremsomers NMR (CDCl3 200 MHz) showed the presence of f0ur lsomers 5 7. 55,
'”“I"'(m, 5H) 5 81 552 (m ZH) 4 42 and 4 25 (br 5,05 H 3 81_ (m 0. 51:1) 365 3 32(

_gs

1 5H) 3 l4lm o 5H) 2: 91 1. 42 lm 8H. 1. 10-0. 84 @ ‘overla»ppmg doublets 3H) L lCCl.) o

3320 1655 cm’ ‘, exact mass m/e 278 1338 (calcd for C,eH,,O S m/e 278 1340)
Anal Calcd for CNH,,OS C 69 03 H 796 S 1) 52 Found C 68 09 H, 808 S,

7

1sll|ca 3 1 hexane ethyl acetate) onl of greater than 98% purlty (VPC QF‘l 150°C): NMR _
_"‘jk(CDCl, 200 MHz) 5 5. 61 lm 2H) 3 68 (t,J= 6Hz 2H) 3. 43-1. 97 (m 1)H) 0.89 (o= o
v ‘7 Hz, 3H) ”C NMR lCDCl 50 ;32 MHz) 0 125 7 (). 125.5 ld) 63 3. 36 6 (d), 32 8 (), -
30 8 (t) 30 ) ld) 28 4 (t) 27 é (), 14 1 (q) lR (Tllm) 3630 3580 3140 1650 cml exact

,,"c:/s-("')G Methyl 'Y-phenylsulflnyl 3'cycj:hexene-v-propanol (143) A '-solution of

Y -lce cooled solutlon Qf sulqunde 142 (231 mg 0. 985 mmol) in dry THF @ mL) After 20‘:‘1 o
' “mm eth¥|ene oxlde lca 5 mL 4 4 g, 0. l mol) was mtroduced via a transfer needle by o
e 'evapora?lon from an ad)acent flask After all of the eth)"ene °"'de had d'St'"ed over the‘l“
,- 'reactlon mlxture was poured mto saturated NH ci (20 mL) and’ extracted W)th CHC) 13 x 20 S |
‘mL); The organlc solutlon was drled and concentrated Flash chromatography °f the' :

‘T'vresldue over snllca gel (15 . 2 cm 3. ‘l hexane ethyl acetate then 1 1 hexane ethyl acetate -

- o«ly solld CompOund 143 was a partlally resolvable lTLC smca ethy! acetate) mlxture of . o |

r.mol) Was dlstllled from llthlum |nto a solutnon of sulfOxlde alcohol 143 (142 mg 0 510
‘:‘:‘mmol) in dry THF l5 ml.) cooled to 78"C thhlum lca 18 mg 2 6 mmol) was added andv e
:the mlxture was stlrred at 78°C for l h and at 0°C for & h Excess llthlum was removed:.-.:'
and the reactlon mlxtur‘e was poured mto saturated NH CI (10 mL) The layers werew g
.separated and the aqueous phase was extracted Wlth sther (3 x 15, mL): The comblned". S
- ;organlc extracts were dried. and concentrated Flash chromatography of the resndue over”" e
' "H'ﬁ_lf»suhca gel (15 X 1 cm 3 1 hexane-ethyl acetate) and Kugelrohr dlstlllatlon (90°C O 3mm) o

' -,-"’- . .‘gave alcohol 144 (56 8 mg 0. 368 mmol 72%) as a clear colourless homogeneous (TLC "



! ML

mass m/e 154 1361 (calcd tor C,DH,,O m/e 154 1358) Anal Calcd for
7787H‘ll76 FoundC7792H1156 ‘ ' &

- !/

c;s-l*) l(G Methyl 3- cyclohexen 1-ylmethyl)sulfonyl]benzene (145) -Aqueo’us ' N'alO'.
lO 5 M. 16 mL 8 mmo)) was added 102 solutnon of sulfoxnde 142 l4 99

methanol (25 mL) The mrxture was st)rred at room ternqerature / ol' 50 h, duluted wnth o

: water (50 ml.l and extracted W)th CHCl (3 x 50 mL) The organl '

| ;_/tsa L

mg 2 13 mmol) |n' '

extracts were drued and o

- concentrated ‘Flash chromatography of the resldue over 5/ lca gel l15 x 2-cm, 3. 1",
: } .

o )’
hexane ethyl acetate then ) 1 hexane ethyl acetate) gave /unreacted sulfomde 142 (70 7

mg 0 302 mmo) 14%) and sulfone 145 (399 mg, /‘59 mmol. 75% - 87% based on

]recovered start)ng materual)) as an nomogene0us (TLC /S uhca 3 1 hexane ethyl acetate) oul .

“'NMR (CDCl;, 200 MHz) 6794 -7.80 (m, 2H),769 742 (m. 3H), 5.56 im, 2H); 302(d J‘_ R

6Hz 2H) 240 182(m 5H) 165(dm J= 16l-fz lH),,083ld J-68Hz 3H) ”CNMR’

(CDC)3 5032 MHz) 51335ld) l292(d) 1278(d) 1259ld) 1245ld) 572(t) 32 l"-‘ '_
(d);’ 31 2 lt) 30 5 (dl 29 0. (t) 15 7 (q) lR (f)lm) 1650 cm! ; exact mass (no M) ‘m/e i

108 0939 (calcd for C H12 (M C.H. O S) rn/e 108 0939) Anal C/alcd for. C,. 1.O S C _j:‘;

67.)\7;,Hv, 7.25, S, -1-2.8) Found C. 6’7 03 H 7 ‘ll S 12. 95
‘ c/s-l+) 2- (6 Methyl 3 cyclohexer}/-yl)methyl 1 3-d|th|ane (152) 'Th'e_h_‘:, "general :
_ procedure of reference 126/vas used. A solutlon of n-butylllthrum in hexane (1 71 M v
R 24 mL 2. 12 mmol) was added to a stlrred solutnon of RE 3 dlthlane (243 mg 2 02 mmol)f,
o m dry THF (10 L), cooled to 78°C The solutnon was warmed to ca -20°C for 2 h and :

then a solutnon of bro/de 140 (380 mg 2. 01 mmol) in-d y THF (‘l 0 ml_ plus 1.0 mL rmse) l

- ‘was added and the mixture. was warmed to room temper ture The solut)on was sturred at.

room temperature overnught and was then poured lnto ater (30 mL) and extracted wrth o

CHCI (3% 20 mL) The combmed orgamc extracts were washed wnth 7% KOH l2 X 20 mL): -

and satura*ted NaCl l20 mL) drled ‘and concentrated Flash chromatography of the resrdue

: over smca gel (15 x 2 cm 49 1 hexane ethyl acetate) gave an apparent)y homogeneous‘
(TLC snhca 19 'l hexane ethyl acetate) oaI Upen Kugelrohr d:stlllatnon however flrst av.'
' small amount of whlte Solld subl)med (70°C O 3 m) (recovered l 3- dlthlane) followed by;

‘_ dlthrane 152 (224 mg 0. 981 mmdl 49%) as a Iear colourless orl of greater than 99%,




o .purlty ('_"

283 m 26.0 1. 14.5 (q) ] (fnlm)1648 cmt exact mass mie 228 1009 lealcd for.f. o

.C,,H,(,S, m/e 228 1007) Ana( Ca(cd kor C,,H os, C.83. 10 H e 83 Found c 63 52

-‘H 885

i:-C/S'(") 4- (2 Methylsulfmyl -2- methylthlo)ethyl 5 methyl-cyclohexene (153) A so(ut(on S

of n- butylllth(um in hexane (1 71 M 2 .90 mL 4 96 mmo() was- added to a stlrred |ce o

,'cobled solutnon of (methylsu(fmyI)(methy(thuo)methane”" (6(6 mg 4 96 mmol) in dry THF

,(20 mL) The solut(on was sturredvfor 30 mm at- thns temperature and then a solutlon of ,
bromade 140 (853 mg 4 51 mmol) in dry THF 8= O mL p(us 1 0 mL rmse) aded .
followed by HMPA (1 57 mL i1 62 g 9: 03 mmol) The solut(on was\stlrred for 24 h at‘f

50 mL) Thef orgamc extracts were washed wuth saturated NaC( (50 mL) drued and o

,T‘-'acetate then again, 15 X 2 cm;, ethyl acetate) gave compound 153 (663 mg 2. 85 mmol o

s :v’63 %) @s an apparently homogeneous (TLC snhca ethyl acetate) onl NMR (CDCI, 200 MHz)}

' -"5 5. 58 (m 2H) 3. 6'( 3 44 (m 1H) 2.71 and 2. 69 (two broad smglets totaI mtegrataon‘ 2 P
. '2H) 2. 56 (s, ‘(H) 245 1 60 (m contalnnng smglets at 5 2 .28, 2 22 2 18 2 ‘(7 tota(-‘-’ :,"j' |

' mtegratuon fOH) ( 60 1. 32 (m 1H) 0 96- 0 80 (m 3H); IR (fr(m) 1650 cm1 exact mass:,- |

o (no M-} m/e 169 1049 (calcd for C:lo 7S (M CH OS) m/e 169 1051) Anal Calcd for?.‘t',_".

C,,H,OOS, C. 56 85 H 867 S, 27. 59 Found C 57 13 H 886 S 27 71

‘.‘CIS'("') 6- Methyl 3-cyc|ohexene 1-aceta|dehyde (154) B

a) From Bromlde 140

' i) Usmg Dlsodtum tetracarbonylferrate The general procedure of reference'flb
422 was used: A solution of trsphenylphosphme (205 mg; 0.782 mmol) in dry THE (1.0.mL) T
\'and a solutlon of”bromlde 140 (124 mg 0. 656 mmol) in: THF (1 .0 mL plus 1 .0 mL rmse)_; -
i were added to a stlrred suspens:on of: Na,Fe(CO). (194 rrtg 0 908 mmol) in THF (5.0.mL)..

: 'The mlxture as stlrred at room temperature for 3 h and thén glacm( acetlc ac:d (0 50 mL

(9

o oF1 190°C) NMR {cocl,. 200 MHz) 6 559 . 2H) a, 10(t 3= 7 3, 1H);;'

303275 m, 4H) 2.34-157m. 10H. 0.91'd, J = 6.8 HE. 3H), BCNMR (CDCI, 50.32 ¢
Mz 8 125.6 (¢ 125.1 (d) 45, G(d) 37. 1m 334(d) 32 2 . 30. 5. 30 3m 29 8.d,

O 'room temperature and was then d(luted wu*h water (60 mL) and extracted wuth CHCI3 3x .

*concentrated Flash chromatography of the resudue over smca gel { 15 x 3 cm ethy( :



“ '~0 52 g 8 7 mmol) was added followed by ether (25’ mL) and water (10 rl;lL) The I ayers s
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were separated drled and concentrated to afford F) red seml solld Thls was taken .up R

| ether' l50 ml) and flltered through a pad of Florlsll lca 8,;( 2. 5 crn) whnch was then washed

. wsth ether lca 100 mL) =l’he green flltrate was concentrated to afford a green Seml'SOhd

¥

‘Flash chromatography of thls materlal over sahoa gel llS X l cm, 9 l hexane dthyla acetatel ,
gaVe some |mpure fractlons contamlng aldehyde 154 and a yellow Compound havmg the . ._

same Rf lT LC snltca 9 1 hexane ethyl acetatel 80 MHzl sh0wed the deslred

'[‘aldehyde however the slgnals were consnderably broa ’ened S - SRR -?;

K 7 o) L_Jslng'a»:Poly,me ‘suppo'rte_d lronf'Carhony'_C,ompleQx.’:;.;The:ggneral proe

: ‘aqueous HCl ll M l L) for dgys The resin was flltered’ off 4"nd,ua.s‘hed wnth dlst‘led

: .,"water untll the flltrate was neutral lpH paper) The resun was washed wuth degassed Wat

v’

vmethanol and ether and was then drled under vacuum l0 3mm 60°Cl for 4 h

Pentacarbonyluron ll 15 mL . 71 g 8 75 mmol) was added to a stlrred solutmn of

~

| OH (1 4@\25 0} mmol) in-1:1 ethanol water l25 mL) and the resultung solutlon was heeted

: '_"?‘at reflux for 2 h. The solutlon was cooled to «room temperature and the prevlously

Lo “ A
: 'prepared resan 6 g) was added Af‘ter bemg stlrred for 15 mm the resm was flltered off'

Y -,‘under argon washed wuth ldegassed wafbr methanol and ether ahd drled by a stream of

._»n .
oA !

'argon o - o e o i i -‘ | CpEL
“ : A solutuon of bromlde 140 l409 nig 2 16Jmmoll in. dry THF (1 0 mL plus 1 0 mL
' »runse) was added ;o a suspenslon of the polymer supported lron reagent in: dry THF ( 15 rnL)
and the mlxture was heated at reflux overmght The mlxture was cooled to room :

temperature dlluted wrth ether (25 mL) and fultered through a pad of Cellte (2 X 2 5 cm) f.~ /

.whuch as then wasned w:th ether lca 100 mL) The fultrate was concentrated and flash
‘chromatography of the re5|due over Sl|lca gel (15 X 2 cm 8 he;aqe-ethyl acetate)’l
';.,afforded aidehyde 154 (85.7 mg 0. 620 mmol,. 29%) asa sllghtly impure (containing’a -
B v'yellow uv actlve lmpurlty havmg the same Rf (TLC snllca 9 1 hexane-ethyl acetate)) // , -
b)FromDithlane 152, L e ”” RO / i
h l) Uslng Mercury (ll) Hydrolysns The general procadure of reference 126 was .
bi'v':_used A solutlon of dlthlane 152 210 mg 0. 920 mmol) m THF 0.5 mL) was added to 2

B ‘_,\‘sturred mlxture of red mercury (ll) oxlde (525 mg 2 48 mmol) and boron tnfluorlde ‘
,," !; »‘ .
/

. 3 EEN . o A' N . L st N N - Loowe -



) - hexane ethyl acetate) gave aldehyde t54 (23 0 mg 0 166 m

the ate (0 25 mL 0 29 g 2 0 mmol) |n 15% aqueous THF (4 0 mL) The m urewwas i

B¢ washed wuth ether (15 mL) The comblned

, the restdua over snhca ?el X

c.p)goduct frac“ ns :

(321 mg 4 03 mmol) m adueous 99 %% a?etone (10 mL) wa

L was then cooled to room temperature and frltered through a pad of Cellte (1 x _‘

whuch was washed w;th acetone (1_0 "m)g) The f)ltrate was concentrated an  resi

was trlturated wuth ether (25 mL) The eth_f solutnon was ﬂltered through ' pad of Celite
(1 x 2 5 cm) whuch was then washed ﬁlth eth\r\ ca.. 25 mL) The flltrate was dried and
concentrated Flash chromatography of the resndue oyer sultca gel (15 x- 1 cm 19 1

L 17%) ass an homogeneous

..’,;

(TLC srhca 9 1 hexane~ethyl acetate) o 1o

L After 30 min, the solutlon was warmed to room temperature ana ore 70% HClO. (5

5
drops) was added After 1 h and agacn after 3 h addntuona) port)ons of 70% HCIO. (10
drops) were added After a further 2h penod (5 5 h total 28 drops of 70% HCIO. total)
the reactnon appeared complete (TLC sahca 8: 1 hexane*ethyl acetate) and so the mnxture e

was duluted wuth ether (40 mL) washed wrth saturated Na,CO, (20 mL) and \ggxer (20 mL)

: The combmed aqueous solut)ons were extracted wnth ether (20 mL) and the combmed g

ether solutuons were dned and concentrated by atmosphenc pressure dnstullat)on of the S

so)vent Flash chromatography of the resudue over suhca gel (15 X Ym 1 T hexane ethyl

acetate) and concentratuon of pure produ X fractnons by a‘tmosphen pressure dlstullatuon

afforded aldehyde 154 (80 2 mg 0. 580 mmol 8 1%) as an. apparently homogeneous (TLC




: hexane-ethyl acetate)

* ll“:% heXan aceiate
L (com,, z‘oo MHz»;& 9 eo u

| ~‘»‘extracxed w«th dnchlorome‘hane (2 x 15 mL) The combmed organlc soluttons were dned g S

o and cc)ncentrated Ftash chromatography of the reszdue over sﬂ:ca gel (15 X 1 cm 9 1

:_{affordeg compound 155 (61 0 mg/ 0 194 mol 26%) as an

o ;. 3 sets of s|gnals wh'ch could be separated oh the basrs of peak heugh : ",;}f’l' he major |somer
- hay;8138.0, 1328, 1284, 1276, 126. 8. 125.7, 25,5, 73.2, 70.4, 68.8, 40.,.
< 37.0,35.9, 34 6, 32. 6,298, 282,143 Thé ‘minor lsomer hadw” 6 131 e 9, 0.

. .- _.!69 0 37 3. 35 4 28. 3 IR (CCI.) 3535 1350 cmx exact mass m/e 314 2251 d cd for : s
lCanoOz. m/e 314 2246) Ana! Calcd for C,,H,,O, C 80 21 H 962 Found C o

L

"nThts compound underwent consuderable decomposntlon upon Kugelrohr dtstlllatlon

1 (1200C, 20 mm).

o ‘,'.“*Not all of the sngnals for the mmor 1somar were cleariy resolvad
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