.:Biblioth

: 'Natlonal Library ue nation\x
o ‘du, Cana a

of Canada .

-

Canadian Theses Service

I+

Ottawa, Canada\
\ K1A ON4 b
,; ~ CANADIAN THESES -
\.A \ . r ' 'i
| NOTICE

The quality of this microfiche is heavtiy dependent upon the
. quality of the origina) thesis submitted fqr microtiiming Every
" effort has been made 10 ensure. the highest quality of reproduc-
tion possnble .

N\ lt pages are missing contact the universrty which gtanted the 3

Q ) A

de ree
g »

Some pages may have indistinct pririt especialiy ii the Ortgtnait :

Seryices des théses Eanadiennes -

~S it manque des’ pages veuiilez commumquer avec iivaer-
sité’ qut a coniéré le grade ‘ [ .

, SRR AVIS _
.La qualtté de cette microtiche dépend grandement de ia quaiite
deJathésesexmrse‘au microfilmage Nous avons tout fait pour
assurer une qualrté supeneure de repro Liction

’ A
' .

v .
.

Ve N

: La quaiite dimpression de certatnes pages peut taisser a

pages were typed with a poor typewriter riobon orit the univer— ,

(R -
'

*Ksity sent us an inferior photocopy
SN . ‘ v

\'i

i"h

tests etc ) are not iilmed

-_ Previously copyrighted materials (journai articles publrshed o

‘ une photocopie de quaiite inteneure

.y

). Fteproduction in full or in part of this tilm ts governed by the“':i ‘

‘ Canadian Copyright Act; R.S. C 1970 c. C-30

.\ AN ! | | 0
THIS DISSERTATION

: - HAS BEEN MICROFILMED

‘.}»' EX‘ACTLY AS RECEIVED

NL-339(c@6/08) ~ - | - e S

désirer, surtout si les pages origmaies ont 616 dac;tyiographiees
4 I'aide d'un ruban usé ou si i'umversite nous a iait parvenlr

@l

Les documents qm font déia l‘ob;et d'un dron d auteur (articles
de revue, examens pubilés etc) ne. sont pas microtilmes

La reproduclion meme partieiie de ce microtiim est soumise
a la Loi canadienne sur Ie droit dauteur SRC 1970 c C-30

' Lo
LT

A THESE A ETE |
MICROFILMEE TELLE QUE
NOUS L'AVONS neoue




> THE_UNIVERSITY OF .ALBERTA

\ N
o R
SYNTHETIC STUDIES.RELATED TO FREDERICAMYCIN A: 1 .
\ ) }\ : . e ST ‘ o , o ;"'
“ B ) . ’ 1‘ E

by

« ' SHARON MARGARET BENNETT e
N . ) o o o : " : . . ‘v". ‘ :‘ . . -
LA THESIS | o

B , e .
" e
.4 . L. s ‘

SUBMITTED TO THE FACULTY OF GRADUATF STUDIES AND RESEARCH o
. A % [
IN PARTIAL FULFILMFNT or THE RLOUIRPMENTS FOR THL DEGRhF

OP DOCTOR OF PHILObOPHX;

DEPARTMENT -OF CHEMISTRY
i EDMONTON, ALBERTA

FALL 1986




T

e

,,wr'ltt;en
Ch T T rarey

Permxssxon has
‘to. the: ~National: lerary .of .
Canada to mlcrofllm‘ thlS
thes;s anhd  to- 1end“or sell

coples of ‘the. fllm. '

o .
5

)The author (copyrlght ownér)

h'a's ,reserved other
publlcatIOH Elghtsq.:and
nelther : the . thesls nor

extensive extracms “Erom it
_may’ be: prlnted Nel otherw1se
reproduced 'w1 Hout
pelfml.ss gorm,

been<granted

.', b Q;
Con gﬂ .

=ga tres droits. de publlcatxon~

h;s/her\ﬁ

1i\

L autorisatlon A été accordée o

la“ Blbllothéque nationale,
Canada “de ”mxcrofxlmerf
cette thése at  de . pr@tar 'Ou
de- vendre des exemplaires dul
fllmm'F”u : bﬁ“'*‘ B 'ﬁi'f, .

L auteur

(ﬁltulalre du droxtff
d/auteur)

HSQ réserve; les

flongsﬁf

ni la- théseu‘nx
‘xéralts e ,celle ci ne’
Jdoivent rétre imprlmés*‘ou:u

autrement|reprodu1ts sans son”
autor&satxon écrlte.n“‘




. ISR

CrHE!] UNTV E RSITY OF AL B E Rn? A
) ; A '!I"". u T ‘.’,"“' \ ' ‘ﬁ\‘.‘ ' qﬁ’.‘}","

.
“
{
“a ) E“"’f“ : . K L, S - IR e
' . : ‘ By T o ey ey ﬂ
] o CL r i oy

: e Vj--afREDEAsE-EoRm;;:,3 R ST T
'?NAME‘O? ADTHGR‘- SHARON MARGARET BEENETT w.f'ihﬁgf“\V

' N . ‘T» ', ‘\ L

TITLE OF THESIS SYNTHETIC STUDIES RELATED TO BRI

‘;j e FREDERICAMYCIN A ”_;-. . h“;‘ DR

A.)_f’“.' . .. ,“ : \ “‘. ‘~ , ) : .'1 . .'.‘ \‘.‘ . ‘ N “‘_ ““; s

s .
! . .
..

%

DEGREE FOR WHICH THESIS WAs PRESENTED‘ Ph D.‘_, | el

v N .
i -~ " .

YEAR THIS DEGREE GRANTED 1986 ' fjg};,3H~l‘;

S ”fﬁﬂ."aﬁgjwl 'u;* u;‘v.:” SRR
L ;;5;*-~ B I ) &v.ﬂ(,;’“ty-:j:gnﬁg-' '
#wg-lDﬂgﬂa : ) R
U Perm18510n 1s heréby grented to THEGUNLVERSITY OR

'%}FQALBERTQ LIBRARY to Teproduce sTngle coples of thls

fafthesls and to lend or sell such coples for prlvate, N\

A
. KR

\scholarly or sc1entA510 research pu}poses on\y

The author reserves other ubf catlon rights, and 3f

'Vﬁﬂj nelther the;thesls nor_extenslve extracg: from 1,-mayn E

L




. . . . “ oot ( o \ ' a
P o , TN . s . ‘o . .
. . . N . . Ve .
[ , . . ) . . . . v D
. . 3 . . G L ra
R . I TR \ o
Cov Lo \ o o

THE UNIVERSITY OF ALBEﬂTA

FACULTY OF GRADUA E STUDIES AND RESEARCH

| B
,,~recommend to ;he Faculty of Graduate Studies and Research.

. . \ [
¢ .l. - Vo

o a thesls éntltled SY'NTHETIC STUDI‘ES e

. for acceptan“ L
LATE&S gro FREDEQ“CAMYCIN Ao S ;

-‘r._

by e ¢
v

g /“submtted by SHARON MARGARET BENNETT 3




s

t

ren

To my




o - N ‘ :‘a 3 L 4' ' ' . [ e ;“:' !

R : ) d . P ) 'Q "‘
.,4 ~‘ ThlS the51s descrlbes thg development of method-

PN

K

ﬁf oIogles applldable to the synthe51s of the ané tumprf

~v F ant1b10tlc freder1camyc1n A (1) ;f'tlu's‘







! ot R ' AT et ,‘A
k"l‘ft R  ACKNOwLEBGE“ENT$u;f1‘ }. !
f ; I would 11ke to exnress my 51ncere qfatltude to'Dr,j“jﬂ

PR FREs s | i

.v‘u,n *.‘ BT 1. e

D L J.;Cllve for hlS qu1dance and encouraqement durlng“the

N \ . . . ’.“ o . B
COUFSG-Of mY StUdleS and for hls‘a551stance in. the tffﬁf
Preparat1on of th1s theS»s; l‘;w;;‘; 3‘”;;,;~c~< B

.' "v : \ . ' Lo \ ‘

‘wﬁﬁ My hanks extend also to the Alberta Herltage'"

B







\ C v ' . ! 8 L o |

. ! v ' ' ’ ‘ ‘ -
) DR X - “ N . S \ vt !
. - " ' . . ' * ' ! e ' :
N . * . N " s ' ‘ ' .

. . v . A . - ' Al ‘ > ' (‘ ' ' '

o . ‘\ N " o (Y N -
o ‘ | v , B " i . . . A . N
o ‘ RIS ‘
. i . . . R ' ’ o ‘
Y AR . B ' v . e e .
N \ . ' . \ . o A oo ' . : ' ' . -
L X . . ‘ * \ .. . . v ' v DR C ‘
[ N o Voo Yoo - oo , . W . . < oo L "

. : o A ' . : . [ S T " tel oW v s e

' ‘TABLE‘“ R ' T L . T \GE

; . . , PR " S i
. " . N ! L v ' ) o ' ‘ .
I - :
‘ .

I B B!

H* NMR Data of the Major Isomer of 187 (B)‘

l3c NMR Data of .




4
Y

,,“ Y

¥

. ;agalnst fung1 and Gram~p051t1ve bacter1a and\shoWs\ <;injikw

7ﬁfvv1tr6 actlvxty agalnst mouse‘leukemlas P388

and lei(‘)“""i



i R
L W X

i . . )
o RS Y
1, , i . ,

e e Freédericamyicin A L L5 S e
BN ‘v'l"" l '.1 "‘I- ‘( "' o ‘ ..‘ sl e .b./ I . '\:.‘"'.‘ a 'y ot

oy g

/) derivatizing the ‘nasu@sl prod

R e R S U AR S IR PR ' ‘7-! £y
Dy, 'the. S.S. Pharmaceutical Co., " ‘whose scientists... .
gt A S oo oo A e AN .

N

" An alternate




O TAaHD WL ALl VUUUC LY QUL WOL K,

J‘\—h A AR N P A AR o
review of the sevén reported methodologies is given,

followed by,a.summary of recent literature methods ,
appiicablé*go the const;dction of‘o§ygenated

‘ \, o

spiro[4,4]nonane_syigems. .

! - .o
}. The first reported synthesis'of a spiro, compound

! A

) : . ' o .
related to fredericamycin involved thermal isomerization
‘ ' : . ‘ ‘ _

of 3 to'hf(Scheme-l)‘a% the key step:7 Compouﬁd'B was
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prepared from phthadlde and l—hydroxyasochroman~'

I
! Dxeckmann condensation of these compounds gave 2 and

‘treatment WIth para- toluenesulfonlc ac1d then produced,df

3.. Thls was 1somer1zed thermally to the Sper compound 4

2. 1In a maode 1 study, the benzxndendxone 5 waS‘”7 'E}

prepared by .a method that should be appllcable to splro
. ; '

- compounds Tﬁe approach (Scheme 2) is-based on the

Kuwajlma aldol/rlng expan51on9 and Hauser s.qulnone

annulatlon methodology 10

Scheme 2 . o - ‘ SRS
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_ L ‘ . . N .

T™MSO OTMS

B vPctQ“'




o
s

‘1nVO1ved condensatlon of 1 4 d1methoxybenzene 13 w1th 1 1— i

'cyclopentanedxcarboxyllc ac1d or 1 1- 1ndandicarboxy11c

1nvolved spiroalkyl

3. Phenoxy radxcals have been employed11 to. make theﬂ

splrocyclxc center of frederr;amycxn (Scheme 3) Thef_

’ ‘\\\, : Ca

startlnq materxal, Compound«6 was prepared in a four step o

sequence from 3, 5 dxmethylphenol and condensatlon of 6
with dxmethyl phthalate qave substrate 7. Exposure of 7‘“

to potassxum ferrlcyanxde under m11d alkalxne condltlons '

produced a’ mxxture of the’ para coupled product 8 (67%) and ,-

posxtxon of 7 was blocked by an 1od1ne substltuent, as 1n i
11, the oxldatlve coupllng gave only the desxred Sper
dxketone 12 (46%) Photochemxcal reductlon of 1od1de 12 :

then gave 9 (S9E) alonq w1th recovered startlng mater1a1

-
©

(25%)

o1 : i

One of the groups worklng on frederxcamyc1n synthes1s

¢

has reported the preparatlon of . spxrohydrlndandlone

systems by Frledel Crafts react1onslz and by means of
13 DR

e

splroalkylat1on and oxldatxon.
Lo { :

“‘4; Themr fxrst method 12 summarlzed 1n Scheme 4

.t“.

» .

ac1d to generate sp1ro compounds 14 and 15, respectlvely.v

-

thod,13 outllned 1n Scheme 5,:

"10n of 1ndene 16 w1th bxs 1 2~;

(bromowethyl)benzene d? 2 3 b1s(bromomethy1) 1 4‘dlmeth—';“

S [,‘”

‘~the desxred ortho cOupled materxal 9 (8%) . “When the para—'..

-

_,oxybenzene., The splro products 17 (no y1e1d reported) ando-fﬁ
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Scheme'
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(34%) were obggined. Conve;sxon of 18 to the dxone 20
. N R, .
';lwas accomplxshed in a 51x step sequence.» benzy11c~
"‘bromination, dlsplacement of bromlde thh acetate and
subsequeptatreatment wlth 11th1um alumlﬁum hydrxde gave

" ﬂ

'V'the lel 19.: Catalytxc hydrogenatlon of the double bond
followed by ox1dat10n and removal of the O—methyl S

inprotectxng groups led to the sp1r0[4 4]nonane system 20 1n fﬁfﬁ

‘fffﬁ 6% overall yxeld from 18 .l; ;u“'?*  o mﬂoH‘jﬂe}lT“}‘

&{convert aldehyde 23a, readlly:prepared from 21a,
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©.i hydr .bromide .gave the.spiro{4,4)norane 4.
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htbe sp1ro(4 4lnonane 46*

in hxgh yleld R ”'w o
“‘/Radxcal cycllzatxon methodology has recently been

applxed in thls laboratory to synthe51s of sp1r01ndanes.3?

\‘.u. “

Homolytlc cleavage of the carbon~5elenxum bond of

compopnds of type 42 (Scheme 15) led"to 1ndane 43'andf

,r«

_ oxxdatlon then provxded the [4 4]sp1roindanone a4.

Scheme 15
\ R 4

y

‘Pn_} SﬁH AlEN

®19%)

L . X ' B ~ 5 ,
. . . \

'f‘Thermal rearranqement of enol s11y1 ethers of 2=

cycﬂopropylmethylene)cycloalkynones was used to carry out

five membered rxng Splro annulat:xons.33 For exampleh
~ ‘

rearrangement of 45 (Scheme 16) and hydrolysxs prov1ded

. ¢
I Y s Coal

0



Lewis

silan

- Scheme 16 .

¥

‘acid mediated intramolecular acylation of vinyl

es?4’and'alky1‘siianes35 pro?ides‘a route to

.-

spirocyclopentenqneé and spirdcyclopentanones

respe

Vo

w.

ctively, as outlined in'Scheme/17.‘~

" Q, Scheme '17
. e a ﬂ) ——-—-—
\\' 13 _Ns - .
N , N van “’9 {. - ‘-’i‘r' :
© SiMejfeal o &
. . - L Ty #

(7&%)f’

jﬁhotoéyélbé&&itigns.héve;élso béen;used a‘ the key =

ih*the‘synthééis'of $eveta1 épifdrq,sisys‘ems.fjit;

R
a



- Photolysxs of 47 to glve oxetane 48 was the key step
in formatlon of! sp1ro[4 Sldecanol 49 (Scheme 18) 36 \.f“
S . . o o 5 "l

.

Scheme' 18 :'\‘ R b j‘f",:";;f

.48 (20% )

“UNaH
2 Ay0, Pyrﬁdlné .

A9 L

An 1ntramolecular [2+2]cycloadd1t10n37'was used to E
‘7iprepare compound 51 from 50 (Scheme 19) ' Sodlum g [Vn

‘fgborohydride reductlon and ozonoly51s afforded the id{ f;{

'“?splrodecanone 52 1n 25% overall yleld from-so

One spxroannulat1on method38 whlch has already been}

_'.gused to prepare frederxcamyc1n analogues 1s the two step,{';-‘

‘a

4procedure (Scheme 20) that 1nvolves Lew1s ac1d catalyzedﬁgfy
fi,laldol reactt?n of bxs(trxmethyls1lyloxy)cyclobutene and an

?acetal to glve a succ1n01n der1vat1ve.' The acxd catalyzed




- ‘Sc.:hen{e, 19 '




rearrangement of compounds of tyge.53 1ed to the spxro- h'f¥~ﬁf
i‘cyclopentadlone 54. dtu“tdﬂﬁxfﬁxiﬁ?{fﬁﬁgdif f,uf?vwﬁfj (;*?ﬁil.
.AdeK As has been mentloned,.we decxded to. use‘a methoxy—wf‘w‘“
‘indane ‘of type 51 as the starttng mater1a1\for our.??*gii ;T

synthegfg\df/molecules related to freder1camyc1nljf',“fdf*f]fﬂﬁ

qroup X must satxsfy certaln req01remenb@ 1t‘shbu1d

N
\\\\\

.

,fpermlt acylatxon (or alkylat1on) at\C 1 and it should ?
'fac111tate constructxon of the sperCyclopentadlone'rinbh ;;?,}
S TR
,';3p0551b1y by 1ncorporatlon 1ntd tbat unlt Qr by actxng:as ai. "

. l':.'A‘d
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1solates 7-rr.e’ hoxylndanone 59 alonq wlth ther de51red acr-d.”' "

o ) e
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65 Esterxhcatlon of 65 wlkh dxazomethg_n_e or dlmethyl ‘

\“m‘
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the a—carbanlon of ester 70 was effxcxently prepared by

o I

addltlon of 70 to LDA (1 5 equlvalents 1n THF, -78°C,,~~‘

«} K o

f|‘
' . o v "‘\ o, B 4_Au‘ “.
gy, S
h). Lot - . »o

”Jj Thls route, based on W1tt1g methodology for one—lvﬂ«h‘rf*‘y*

v R
T . |
. (L

vile oy

‘V:carhon homologatlon of 1ndanone 59 prov1ded us w1th three

[

comp0unds (69 65, 70) whlch flt our general requlrements

o

(see 31), althouqh 1n practlce we have studled the h;fﬂf'w71;~5”‘

‘:Qacylatlon and alkylatlon only of the ac1d 65 and its‘g:w ;

methyl ester 70 L ,?{ gi«h” | ;‘W ' ' S :
ﬂth Attempted Synthes1s of Splro Compounds by Use of

‘Diaqylatxon or Fr1edel Crafts Reactlon L | [




also used as an. electr0phlle to evaldate thls dlacylat;ow

A LN
G P R .

i approach.‘ The preoarat1on of dlester 79 1s outl;ned ln"

o T,

?”ﬂ 'Scheme 25. .Dlels—Alder reactlon of the 2 5 bls(trlmethyl—f

\\,

':ﬂj51loxy)furan56 77 and dlethyl mabeate followed by aqueousfgfe.”

ﬁ”“_twork up w1th fluorlde 1on gave dlethyl 3“6~d1hydroxy 1 2—.‘ffﬂ

?\dlcarboxybenzene 78.f The hydroxyl groups were then

l**proteeted by methylatlon to‘glve 79.1 The attempted




XsOH ‘81
. X=OMe' 82 * .




Crafts acylatidns are acid chIorides orVacids. With‘our*

system.Bl [x-# OH] there is the added compllcation of

[

decarboxylatlon ofEmhe B—ketoac1d and SO we chose to

ot

study rlng closure of B-ketoester 82. Esters are‘not
‘,commonly used 1n Frledel Crafts acylat1ons but we hoped

that the two methoxy substltuents would suff1c1ently
) A ; :vx). ' o
actlvate the aromatic ring and thus compensate for the .

leSS reactlve nature of the ester functlon.

CooL 2, 5 Dlmethoxybenzoyl chlorlde 80 was prepared from

A)
the correspondlng commerclally avallable acld and

-
' |
A .

condensed w1th carbanlon 73 to glve B—ketoester 82 in good

f? yleld (81%).. Compound 82 falled to react upon exposure to

o

t1tan1Um tetrachlorlde or alumlnum chlorlde at room'
temperature. It‘was equally 1nert to boron trlfluorlde xh‘

’etherate at rOOm temperature or 100 C. When ﬁ—ketoester

82 was treatednw1th Lrtoluenesulfonlc ac1d 1n refluxlng

benzene several compounds were obtalned.ﬁ The IR spectrum

\

of each of the maJor compqnents was 1nconsxstent W1th our

expectatlons for the cycllzed product. Exposure of the 5-
ketoester to alumlnum trlchlorlde 1n refluxlng benzene

resulted 1n exten51ve deprotection and decarbOxylatlon to

glve ketone 84... ;faﬁ.;;‘ BIE RIS PR R

' -

We decxded not to. pursue rlngﬂclosure of compounds of {j

T

[

a .\

‘hjtype*82 and '1nstead, looked to a’ELalkoxyac1d chlorlde 7Ef;f




as an alternatlve startlno mater1a1 for a Frledel Crafts

N : N ) . R N

‘acylatlon approach. o fv (;‘ ‘”gﬂ_ﬂ,fp o

:2,5= Dlmethoxybenzaldehyde 85 was prepared by
oxldatlon of the commerc1ally avallable alcohol ‘and

condensed with carbanxon 73 to glve ﬁ hydroxyester 86

!
1

(73%) as a: mlxture of dxastere01somers (Scheme 27)
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ester was hydrolyzed ‘to the ﬁ hydroxyacud 87'1n low
yxeld(ZS%), and an attempt to protect the ik hydroxy qroup

Y

of 86 as a- methyl ether resulted 1n -1 retroaldol reactlon

to form aldehyde 85 and ester 70. At thlS poxnt we‘

)

abandoned the Frledel Crafts approach to the splro rlng‘
ystemvln favor of more promxslng routes whlch 1ngtheq.f

Ly

:H’event, proved successful.,u

. “ . A . T CREN we, ! -
~ \ NN i . . AT o B
W o
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..[C; _Xhthe51s of . Sp1ro Compounds hy Acylatlon and Dlels—?"
B g o ,"v. Coy . ‘ A :
', Alder Reacttons"”‘,h 3j‘ﬂ.;”~‘ﬂ»‘ 4,"‘.““ 3]L~§Q;.a;,

‘o

One of the approaches we have used successfully to

adopted these strategles in order to m_ke'splrocycl

pehtenedlone 89 D1els-A1der reactxon of 89 w;th an'

NEAS

"fappropr1ate dlene_would then prov1de tetracYcltc compbunds
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wsubstltuted_esters. | If the ketone carbonyl of 105 could
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4,

'
Ve

'l‘ }Ethouqh most of the unreacted dxenophxle was

T S
‘thermal Dxels ‘Alder reactxon of bxs sxloxybuta—‘~

1

‘,,.‘

dxene67 104 and ene dlone 89 gave a low yxeld (9%) of the

“

tetracycllc Splro compound 118 (Scheme 34) .‘Thls\broduct

v \

presumably results from ellmlnatlon of the tert butyl-}

. .

i

4m

’

recovered ‘the excess of dlené decomposed under the

A

reactidﬁ condxtlons (T # 140 C 16 hours,‘under arqon)
e |f"%‘L*n‘v‘f S
R S A S

! B A~ T

oy ." ‘ .l“ 2 . - vS;ChelT\e 34 I*- l _‘ . “ ' | o . ’.
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o

o the reactants w1th LQWIS ac1ds or appllcatlon of h1gh

- e - m— e A
VR v V. N :

Lo
e
Lo

W \

pressure.e We chose.not to use Lewls acld catalysxs\due to

s

P . Y

‘xfOld by the Harwood equlpment (@mperlal 011 hydraullc

theﬂsens1t1Ve nature of dlenes 104 and 77 and 1n$tead R
Do 5 : . B AR
: 72 73 S S
cons1dered the use of hxgh pressure

‘r

‘\J“ The»hlgh pressure equlpment used for thlS eXperlment

'
.

. v,

consxsted of a Harwood ngh Pressure Inten51f1er (stroke-.‘

. \
\ i

gi". maln\cyllnder dlameter 2 1/2"1 plstOn dlameter 5/8")V‘

‘., .'\

attached to a domestically bulxt hlgh pressure oxL llne,‘

e

fltted WIth apprOprlate gauges and releaSe valves.\.The ”f}

f

pressure developeq by the 411 11ne was multlplled 51xteen

s .
" . f

. fluld Bayol 35 Was used) '3‘*3*59"{; fﬁ; yyﬁu‘g'ew

“ffwas transferred to a smaLl steel bellows72

ff completely f;ll the wessel ahd the contalner'w s‘sealed

s

“;

.,subjected to a pressure of ca. 284 000 ps1 for 55 hour

[TLG and 1H NMR] 1somers. Although the 1solated yleld wa'

T

v‘a‘.. ., B
Vo

: v . « K
[ HRAN §
e P ' "' # Yo

with a copper washer and 5crew.g The reactlon Vessel“was

S ‘\ s
b

[ ,- " .
C e S WS

Flash chromatography of the Crude reactlon mlxture gave

I thadk Jr'
equlpmentﬁ

T AR R
B R e

[N Te "




2N . ‘».‘

nature.of\thelexperxmental ptocedure‘aﬁ

does not 1‘¥$~gGA

ﬂandwunfortunately technlcal problems prévented us from

[\Avb '
I8 .\ .
,‘.

j:trying thls reactlon under hlgh‘pressure.




“laboratory We de01d'd to apply thls new methodology to'_
‘-our case,j”vf;'gﬂ:ff | \ ' | j

. Ty .
e .

e i
SR

,>D.J~§ynthesis ofléhiﬁoic npounds,oy.RadioalfcyqliZation‘

garbocycllc splro compound‘ 1s based on cycllzatlon of an~¥

“l alky1¢rad1ca1 1n a S—exo f‘shlon,‘onto a trlple bond

5 (Scheme‘36) Dlselenoacetal 120 waswtreated w1th n-butyl-:,n
. ‘ \ . . i PRI
llthlum to glve a—selenocarba 1on 121.; Acylatlon of 121

'J'

‘l‘w1th aldehyde 122 and homolytlc cleavage of the carbon-ffik_n
selenlum bond of the resultant hydroxysel ;1de 42 gave thejf'

? Splr0[4 4]nona e 43 and oxxdatlon of the hydroxyl group

afforded cyclopentanone 44.er;ifg'7”“

I
)



LA (%)







*acetylene 129.75 "

Deprotonat for.

bsequent réagtion




(58%)

132
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g 148 from dlmethoxybenzoyl chlorlde 80 and 2 amxno 2—f"ﬁ7fnﬁj?

" Caa

W{ methylpropanol,as outlxned 1n SCheme 40r.f“‘@;?




RV

llthlum 1n DME87 and subsequent add1t10n of l chloro-2—}

1odoethane78 gave the 1odo product 149 1n low y1e1d (19%) g

~

along w1th unreacted starting materlal 148 (32% \

'"‘recovery). The poor yleld of 149 made thls an u

unacceptable route and we turned our attenthn to the

Dlels—Alder reactlon of bls—5110xyfuran 7756 (Scheme 41)
wlth an approprlate dlenopulle.;' R . : )
‘ Mehhyl (Z) 3 (phenylethynyl)prOpenoate 151 was prepared
from copper(I) phenylacetyllde79 and methyL (Z)*3*lqd0—v

propenoate 150 89 ‘D;els-Alder.reactlons qf»77‘ahd,151d‘

"' N v
- . -

proceeded 1n low yleld to glve,‘after aqueous work up w1th
fluorlde. methyl 3 6—d1hydroxy 2 (phenylethynyl)benzoate 152T

(6%) and unreacted startlng materlal 151 (70% reccvery)

———
[

T

'
’

.. oy Scheme 41 ... fe e




preparatlon of compounds of tgoe 133 makes use*of

"“‘aromatlc compounds (Scheme 42)

~separat10n of product 141 from the s1mp1e reductlon["

w2

'-‘J

Y . ‘ .' P neon ! “‘~ ' C B DI N b
[ . . . N . [ o . : R : e

The last and most SUCCGSSful method we explored Eorf‘”

“
L)

|" ' N 1+
class1cal nxtration and d1a20\1zatlon reactions of

! e n,\ [ ..‘ N

WA
S SRTEUEIIN
. ! . 'l Y, L T 8 \" | oy

2 5 Dlmethoxybenzoxc ac1d was n1trated90 andff"

" . :1

esterlfled to q1ve nltro cOmpOund 153 “‘Reduotlon of the5

\

nxtro group and hydroly51s of the ester afforded 2—am1no~\

3 6 dlmethoxybenzoic ac1d 155 whlch was converted pvdaﬂflﬁ

general procedure,91 1nto 3 6 dlmethoxy 2 1odobenzoxc ac1d

143 (52%) 'Methyl ester 154 was llkeulse converted 1nto

e

the correspondlng 1odo compound 141 but, 1n the case of

" . . o

»—v—-”_ ‘ o i
the ester, the nltratlon and Sandmeyer type reactlon w1th

o

" pota551um iodlde was not a rellable rOute to 141,, nd we;f'

<

found the ylelds to vary from 16% to 48%.. In addxtlon,m:”}

[ W
LI

, . ; NARE
. N0 PN
D

product (methyl 2 5- dlmethoxybenZOate) proved to befpfpﬁ

.'tedlous.l We had prev1ously found that conver51on of Z—rf“}

oy 4

1odo—ester 141 1nto the 2-pheny1ethyny1 derxvatlve 142 was
i L ,"" A as:

4‘~.
L

-

| ‘a h1qh yxeld reactlon (94%) f,klﬂ‘~Q;_rﬂhﬁf”£iﬁf,{;';ﬂj g;fl

Hydrolysxs of ester 142 on a 5ma11 scale (0 31 mmol)

w1th anhydrous hydroxlde84 gave ac1d 133 (53%) but

.)‘:

attempts to carry out th1swreaction on a larqer scale

\\'

(0 71 mmol) led to a complex mlxture of compounds.u;,ﬂﬂbT

i)

Intramolecular closure of th‘{carboxyllc-é‘u

tr1p1e‘bond, to glve ‘a phtha11de may be the source?of the’\r
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startlnq materlal 141 (91% recoverjf and ketone 158 (12%)

(Schene 43) were 1solated from the reaction mlxture.
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B
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Vi

5;possxb111ty prompted us to carry out the follow1ng

v

‘fexperlment-' Acxd chlorlde 156 (Scheme 42), prepared from‘q

f 'acid 143 and th1ony1 chlor1de, was added td,;arbanlon'ﬂ”ﬁﬂf

73.4‘An add1t1ona1 equ1va1enb of LDA was 1nJected and the

.. ! . !
,.“‘ o

mlxture was st1rred at room temperature overnlght.d

Analys1s of;the reactlon m1xture by TLC and 1H NMR showedw

g.\this approach to be unpromlsxng due to the many compounds\
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"_ona]\ manner 76 b .depzﬂotonatlon,of 180
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18 5 cii\-l)] charac'ter st‘1c of‘

IR




md”br (w1/2—16 Hz)
690 H "
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. Mult‘itp'lici'.ty

\

47.9

462

32,4
. 31.9



' the benzyloxy methylene of the startlng mater;al 181 have-d‘

- N Ly e

Cm m e ete meee ,...\_-..,-.]..cuu‘uuu

'

C, \

‘been 1mvolved‘1n the transformatlons leadlng to, the

. a

E |
.reactlon product and that nelther functlonal group

'remalns.lntact. On the ba51s of-. the spectra and the

vt

',follow1ng chemlcal conslderatlons we a551gn structure 187

Y R

‘(Scheme +48) to the product._ .
f ! ¢ s N .
If the a-keto radlcal 183 (Scheme 48) closes onto, the

acetylene 1n the usual S exo—fashlon, the v1nyl radlcal

PR

"

“184 would be generated Normally such a radlcal w1ll

. ‘ . r

'pwabstracb hydrogen from the t1n hydrlde that»;s~present‘in‘

=the reactlon mixture but in. thls case. our interpretation
“\ , .

wpof the spectral data suggests hydrogen was abstracted from

. the benzyloxy methylene group 1n a l 6 fashlon to glve the

alkoxy rad1ca1 183t Th1s underwent 6-endo closure as

shown in Scheme 48.“F1nally, rad1ca1 186 abstracts‘v‘

4 . v

hydrogen to glve the observed product 187 (as a mlxture of

lsomers)a ‘f, T“h. g»g".ri_,dy 'h’ L o ~jA;‘~.
C o R e R ' ‘
We also 1nterpret/the spectral data of the mlnor .

compound A,-xnatepms gf an. 1somer of structure 187. The

f f h

1H NMR spectrum shows a broad one proton 51nglet\at 55 46
g / " )

and two one proton 51gnals at 63 56 (d J 6 Hz)’and 3 39

-y . * Kl . .‘\; .
* - (2

.Y “ . . ' Vs o “ :. CrLt T Ve . fo 1Y A LI ’
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e thank Dr.vB..Dent and Dr. J. Sedgeworth for-helpful

v -»“
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-

A dlscu551ons‘1n‘ass1gn1ng the structure 187.

i . e e e . . o .
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j}}coupled,‘and 1rrad1at10n at 53 39 causes both sharpenlnqﬂ‘k‘

“tfi of the smnglet at 65 56 and collapse of the doublet at

*fn63 56 If the dlhedral angle between Hl_and H2 is near Hg;”
: - .

;j90° then a small ‘or even zero,,coupllng between these‘ o

'f;protons is expected AHE on thls bas1s we account for theﬂ

B Cbroad slnglet nature of the 51gnal at 65 46 ‘ The l3C NMR

i

fspectrum of 1somer A is 51m11ar to that of B w1th the f,H:

\ N

S exCeptlon of a downfleld Shlft of one of the 1ndane'.;.

“THu(lsomer A) 1n S B% yleld..f?:f

“u‘%hoped for, thls serle

'5°arb°“5 [(5“ 4, a“d 32, 4) An A and (532 4 and 31 9) m“‘

3

\'cB] The\spectral data suggests that 1somer A ls the C—2 '

feplmer of structure 187

N 1 v 'l»‘ o ' . K

Ca

The'l 6—hydrogen~transfer ls a very easy process“and
dwhen the trlphenyltln hydrlde‘and AIBN were added 1n one

“'portlon (as oppoggd to slow addltlon over 7 hours) to the .

‘t—selenoketone 181 we obtalned the same two compoundsg.‘ ’

TlThe major one (1somer B) ln 89%3y1eld‘and the mlnor one
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fﬂpfsynthetlcvwork on the :m ulnollne segment of ';‘,"ﬁpiﬂ}zf“
: frederlcamycin._ Th1 vaspect of the problem has been !

evelbped to gene ate the 1soqu1nollne compound 188 1s ﬁu o

\
o ; { ' \_ . ¢
' ‘\\.\ N . Al ) i n.:
.]‘ ' \" ' N ’
L Sar Gt ; o vl ‘
tQE.-“Conc1u51onSn ‘ t[w-._,w‘ '¢=?~:h‘ ,;ﬁ-, ‘ ,'n e

The results dlscussed 1n thls thesxs 1llustrate two L

»
J o " -‘

Jsuccessful approaches to Splro compounds related to ‘fﬁjiﬂ

ifreder1camyc1n.: The flrst method 1s based«oh Dlels-Alder

‘ "r P A o . G e LA

hmlradlcal cycllzatlon and appears to‘be the more

Bmfsynthetlcally useful meﬁhod of the two.- The rad1ca1

\ N

'reported, 1t s’ dlfflcult to compar
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on&ﬁ




KRS “II1... EXPERIMENTAL ' S
U S S R R N

_ Except where stated to the contrary, the follow1nq ‘5]
f‘v",'-," . ' . , Y L

:{”tpartlculars“apply., All apparatus was oven drled'overnlqht




;g_ af hromatoqraphy (TLC) plates (sxllca gel Merck GOF 254) :.Y

',“were'usedq‘ 5111ca gel for Elash columnlchromatography was

‘ﬁ Merck type 60 (230 400 mesh) ‘»TLC plates were examlned

' ! !

: 'f{under uv radlatlon (254 nm) and charred on a hot plate













i _»,., .

"T}temperature«under n1troqen.  Alxquots of the reactlon

et N . R 4«, oy

mlxture were removed at 3 h and 5 h tlme




BT

W'M‘WM baSe peaP)‘35<‘

xHZ, IH), 6 95 (dd,JJ ; 1 o 7 o Hz, lH), 6 76 (dd it

| o ..‘ [P
| B Lt

‘1._ -
- LN

freference 40:.lmp 111 113 C, IR (CC14) 3330] 1680, 1618

1600, 1465, 1345, 1298 1288 1200, 1158, 1055, 635 C\'n"1 dﬂ

1H NMR (coc13, 20b MHz) 510 07 (s, 1H), 7 48 (t,_ ¢~7,7ijr

l
)

0 5, 7 0 Hz,‘lH), 3 lO (m, 2H), Z’?l (m, 2H) Upon D20

exchange thefflgnal at 510 07 dlsappears.,\13C NMR (CDC13, \

R

100 61 mHz) 5?09 e 1%7 5, 155 1, 137 4 122 5, 117 3,‘JW'4:

113 3. 35 9 25 8-ilow resolutlon mass é&betrum ‘ m/z,|148
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. I3 Lo ;
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“W”Vf, 70° (m, 2H),‘13C NMR (CDC13, 100 61 an) 6204 2 158 1,

\'“ffdsv 7 136‘1 125 2 118 3 108 9 55 6. 36 7. 25 4“éxact

“ ‘fmass, m/z 162 0673 (calcd for clonlooz,,m/z 162 0681) ‘f_ﬂ“‘ o

}”Anal. calcd for CloH 002 “i 74 06;. H, 6. 21'* 509“0” C?f B

‘*\j;;,73 97- n, 6.11b;.w;;;‘jrlﬁw;j‘f;'hfleCV

‘ L 'Vﬂqﬂf‘fgf,pf” i”f- fi _ngfd, »~¢*;ﬂ@ﬂﬁ;;§“ S N
ﬂ{}z 3- D1hydro-7 methoxy 14~ xnden 1- ol (60)‘  _‘,if.| T "f
B  :‘ Sodxum bor5£;dride (554 m4 % §1 5351; Lﬁ anhydfous  ;A
_Q¥i5ethanol (20 mL) was added dropwxse‘overygd‘m;ﬁ to a cold ’ Lr
'ﬁ(o°c> Solutlohlbf ketone 59 (2 003 g, 12 35 mmol) 1n-?ﬁfj7;; ‘ ;H

¥
o r

A i v o " \.' .
f,ﬁanhydrous_ethanol (20 mL) The soluglon was then stqrred i

N

';ﬂ‘at room tempexature for 2 h and‘the mlxtuTe was quenghed

_,‘vnkl

'f?by addltlon of glac1a1 acetxc ac1d (1 mL) § Water (ca.f4Q. a ? f‘

.'vr . .
1..5 ‘ “ | } . ,, v . “1...

L AN
‘, r“

‘ ﬂfhe comblned ether %xtraogs were qgshed:

.',.




Al

. ‘L 4

‘g ,.\

multlplet at 55, 50 sharpened to a doublet of doublets (J;=‘
5.0, 7,0 Hz). 136 (CDC13, 1100. 61 MHa) 6156, 4, 145.5,
132:2, 129.8,- 117.3, 107.9, 74.2, 55.0, 33.9, 30.3; ‘exact
mass, m/z 164.0832 (calcd for 1081 202,'m/z 164 0847) |

Anal. calred. fOf C10H1202 ‘ C, 73.15; H, 7%7 Found C,"‘

A\l

73.36; W, 7.38. S A e

R . ,,"*:tﬁ;_

‘”"« ) ; ’ '
A

2,3= Dlhydro 7= methoxxfi—(phenylthlo)—lH 1ndene (61)

4

*\

dxphenyl dxsulfxde (2 18*0,.10 0 mmol) and trx—n—“‘

- butylphosphlne (4 16 mL;, 3 38 q, 16 7. mmol) were added to' !

.

4

, hexane - ethyl acetate gave 61 (12 206 g,‘56 4%):" &

" a solutlon of:. alcohol 60 (1 37 g, 8 34 mmol) Anudry"B@F"“‘"'fT“‘”

\‘\ o

(2GrmL) under arqon. The mxxture was stlrred at room

‘y(.

temperature for 67 h, dlluted thh ether (ca.t250 mL), and»ﬁ“iv

extracted w1th 1 M NaOH (3 x ca. 100 mLS The ether layer

q) M

was washed w1th water (1 x' ca. 100 mL) and brxne (l x ca.‘7f¥a'

v

87

The qeneral procedure of ‘reference . 44 was used f‘ﬂf‘ Sy

100 mL), dr1ed and evaporated. Flash chromatography otx‘}fig

the resxdue tw1ce over 51llca gel (“ 15 cm) w1 h 8 l

»

whlch 8011d1fled upon standxng mp 75-79°C,,IR gct14)

1585 1430 1438, 1265, 1073, 690 o’ !}*

3 84 (s,'3n), 3 06 (m, Iur



rs)[|146.4 (s), 136. 7 (s), 131.5 (d), 130.1 (s), 130.8
(s), 129.6 (d), 128 6, (d), 126.4 (di; 117.0 (d), 108.6"

(d), 55. 4‘(q)/ 49 7 (d), 33. 9'(t), 30 9 (t), exact mass;

. m/z 256. 0921 (cal;d for c16H16os. m/z 256 0921). ‘AnalQ;‘

\  caled for CIGHIGOS: C, 74.96; p, 6.29; S, 12. 51.»
- Found..(‘,;74.82,, ,wgtzsf s, 12 4.

. .
. - . . e e . N -
f g e st b WA AR e e T . ) . . B

-

Preparatlon and deuter1um ox1de auench of . 2 lrdlhydro ‘1-.

11thlo—7—methoxy21a(phenylthxo) 1H-1ndene 62

o sec Butyllxth1um‘(0 414 mL, l 24 H 1nrcyclohexane,

0. 513 mmol) was added dropwxse over ca. 10 min to a cold

.

( 78°C) solutxon of sulfxde 61 (88 5 mg, 0 345 mmol)

THF (3 0 mL) under argon.; The reactlon nxxture was
} i \ “ ~
stlrred at -78°C for 3 h, and then DQO was added and

3 ’Jn P : .
ist1rr1ng was continued at room temperature for 1 h. _-_f' O

Dxlute hydrochlorxc ac1d (ca. 15 mL,;l M) was added and

the mxxture was extracted\y1th ether (2 x‘ca. 15 mr)

‘\_“

‘ The -

' Jomdlned extracts were washed %lth water 11 X g 10 mL)
lH

d complete

75 (overlapplnq doublets,
3 0 (m, 2H), 2 45 (m, ZH)..

& Ga
g h
-

pos1taon. 1H NMR U



&

{Attempted alkylatlon ang, acylatlon of 2 3 dlhxdro—l-

“llthlo-7-metho_x;l (phenylthlo) 1H- 1ndene 62* .

a) A solutlon of benzaldehyde (O 23 mL, 0. 984 mM in éﬁ“ ’

_THF 0. 226 mmolL was added dropwxse over Cd 2 min to a ..

FUEN

cold ( 78° C) solutlon of carbanlon 62 [prepared from 61 5 Ty
(39.0 mg, 0 152‘mm01) and sec-butylllthxum (0 184 mL, 1. 24"

‘ﬂ_ln cyclohexane, 0. 228 mmol) 1n THF (1 5 mL)] under

':J

nitrogen. The mlxture&was stlrred at: -78 C for 30 mln and

s

at room'temperature ﬁor 1.5, h.- It‘was quenched by {‘,‘ ' 'i;tV

addltlon ofsseveral drops of glacxal acetlc ac{d Water

"o /
: (ca.‘lo mL) was added and the mlxture was extgacted w1th

ether (2 x ca: 15 mL) e. COmblned éxtracts were washed

with water 62 x ca 10 mb) and brlne (1 x ca. 10 mLJ,
»‘dr1§§§ and eyaporated . F ash chromatography of the a'f ‘gﬁﬁu f

res&d&% OVer 5111ca gel ( 'x 15 cm) w1th 7 1 hexahe —‘f” ,
'eﬁhﬁggacetate allowed recovery of unreacted startlng Jﬁj}gdxfff
:'@te“al 61 (22 4 3. 57% fecovery) as the only maJor

f-reactlon component. 'Q%J,”}.‘“ﬂ_if,; Jj‘Hf1_uztfﬂ:*r

s
b):_A solltlon of éeanyl chlorlde (0 27 mL, 0 86 M

*stin THF 0 23 méE}? was added dropwlse QVer ca.;z m1n to a:

"_cold ( 78 C) solutlon of carbanlon 62 [prepared;from 6'
“ﬂ(20 0 mg, 0 0780 mmol) and sec-butylllthxum (0 094 mL
mL)] under

u;’l 24 M 1n cyclohexane. 0 12 mmol) 1n THF (1.:j

;nltrogen.“ The solution was stlrred at room4temperature,,m',ﬂu

v“:fQL.B h and then quenched by addltlon of drlute )
SRS RIS, A DA . AL



otk o
\ D O %
hydrochlorxc acxd (ca. 10 mL, 1 M) ‘ The mlxture was 'Hy S
“v“

N

O worked up as descpabed in mhe prev1ous experlment.‘ Flash |¢f:“

‘ LT ' L &
: ‘,'fy., chromalography of the ‘residue - over sxl;ca gel (1 x 15 cm) "‘gR

;;P,»wlth 7:1 hexane - ethyl acetate allowed recovery of o liAt

o Unreacted starting mater1a1 51 (12. 0 mq, 60% recovery). ;7
‘ R : S , - S TR

. "-'~ e -‘:" . . . : [T .' o o b ' ‘--;.‘

2 3 Dlhydro l hydroxy 7—meth0§y-lH 1ndene 1 carbaldenyde ?73‘g\;

'V‘fl.'_, 1, 3 d1thloprogyl'aeeta1 (66) o ‘ :;
| r/dll{if' -Butyllxthlum (2 68 mL, 0 85 M 1n hexane, 2 28 mmol) "
'{f/l” was added dropwise oﬁer lS m1n to'a cold ( 78°Cl‘ }kl‘ ? tlﬁ

;/"llof dlthxane (261 mg, 2 17 mmbl) 1n THF (20 mL) undervif*e”ilfgk.
argon.l The mlxture was allowed to warm to —20°C over ;'3 ﬁa.
'fj%r | h‘per1od'and was then cooled to —78°C. A solutlon of . dso~rj:
ketone 59 (356 mg,,2 19 mmol) 1n THF;lldfd;p was uhen 'F R
N ] added dropwlse over l h.b The reactlon_}'"ture was allowed
iﬁ to warm dp td rooﬁ temoeraedre over : l.h and w%e then &i;ff:n*,;

quenched by add1txon of glac1a1 acetlc ac1d (0 5 mL) f,f; L




Y= 7.0 Hz, lH),v6 71 (d, 3 = e 0 Hz, lH), 5 06 (s. lH),
" 3.89 {s; 3H), 3. 26 (s,kln).‘z 97 (m, ZH),'Z eo (m. sn),
_2 IO“UnA QH), 1.81. (m, IH) ‘ Upon D20 exchange the 31gna1‘
o at 53 26 dlsappeared...l3C NMR (qnc13, 100. 61 MHz) - 5156 3,

'145 9 _1%0.6,»130 a, 1. 6, 108 s, 86. & 57 9, 5571, 36,3;

30. 8. 30,5, 30.3, 25 9; exactqmass, m/z 282 o744k'” ‘
TR .1'~for C14H180252,‘m/z 282 0748) Anal.ﬁcalcd for'jfdgif*:[ym

4C14H189% 2 |¢ 59. 54 H 6042: ;22 71.’ éound “ci
. o 59.42: 6 53 *s 22 84..5 -77

A f ’m<\ RN S 'u‘lb“qu,;“r,wﬁ ;,‘%/V‘].kj
,j4 f ) 4-Methogy JH 1ndene13 carbaldehyde l 3 dithlopropyl acetal

- el

N L N . v . ‘.’ . * i

. . N [ S
../ Lo " ) r.‘-.-}. o

RS -:/ :

mg, O 3126 mmol) Ln benzene (2 0 legi{

temperature.; After 2 h 'ether (ca. 10 mL) was adde§~and

toluenesul on1c<ac1d.: The flltrate was washed wlth:S



S /) :
Jln);“§)75f(Sﬁ-ih&)!é;é4.(é»‘ih). 3.38 (d J =.0.5 Hz, 2HY,

3,05 (t, 2H). 2 92'(ddd s 14, 4 5,.3 0 Hz,,ZH),‘Z 17 j,f&f,f\'_;
‘.(m; 1), 1. 96 (m, 1)) 13c NMR (CDCl3, 100 61 an) 515404, .

: _ \lf
‘146 3, 142 7, 131 3, 130 7, 126 4. 117 l. 109 4, 55 8,.‘l; \ R

)\ . .

o a4s) 1, 38 4,[31 e, 25 a- exact nass, m/z§264 0639 (calcd

%L\-for C4t 16052, m/z 264 0643) Anal.lcalcd forkfff ?
“”c14u16052. ¢y s eo; 6.19 _5(5;4,25;3;ﬁoqnq;;%bﬂfjidfl;ﬂ]fbfw

’5“63,83, ‘6 155 23 75
| b) Alcohol 66 (104 mq,,o 368 mmol) in. THF (4 mL) waslrﬁra‘

e‘jcadded to a cold (0°C) solutlon of thlonyl chlorlde (o 032

'~". \ : ,j R
/ ' ;

48 mq. 0 40 mmol) 1n pyr1d1ne (1 0 mL) ﬁxhe solutlon ef ;fq

; :jwas stltred at room temperature for 1 S h.' wAter (ca.~10ﬁf”
. y o

7gmL) was added and thevm1xture was extracted wlth ether (2

5
1

ca. 15 mL). The comblned extracts were washed w1th "{f L

,’]ffsodlum bxcarbonate (1 x| ca. 10 mL) and“bf1ne (1 X

'dr1ed,




| } suspensxon of trls(triphenylphosphxne)rhodlum(I) chlorxde ‘ff\f
(6 mg) 1n degassed benzene (0 5 mL) under hydrogén.\ The'

/foflask was . flushed w1th hydtogen and malntaxned at a ;‘ fww7~u
‘pressure of 10 p51 for 11 h The solvent was evanprated | ﬁh;ﬁ

' BN
A "8

Ly ?‘and hexane (ca.»S mL plus 5 mL Jlnse) was added Thé .

. 1‘fm1xture was" flltered through a. pad of Florxsll and theQV
‘dﬁflltrate was'evaporated.. Analy»xs [TLC (sxllca, 1 1 o Jv_;
" ‘ Yoo

\hexane-ethyl acetate,.Rf 0 65) and 1H NMR &CDCl3q ZOQ

B

y:ﬁMHz)] of the resxdue showed only the presence of startlng

‘3fmater1a1 67

’fff?fff_@;b) A m1xture of alkene 67;(13 6 mg, 0 0514 mmol) and

<t?5% palladlum on charcoalﬁ(s 3 mg) 1n ethyl acetate (3 mL)

”“rﬁwas stlrred for 13 h at room~temperature at 10 psx.
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dilute hydrochlorlc ac1d (ca,@_rc 1 M) and water (ca.:loxh-‘

}mL) The aqueous layer was exttacted w1th ether (2 x ca. i:"-»
15 mL) - ane.thé combxned extracts were washed w1th Qétér (i %
h}* ca.. 10 mL); anékbrlne (1 x'é;f 10 mL), drled, and = *hgniiq?
eVaporated.. Ana yses of the restdue [TLC (s111ca, 1 1 EED | ﬁ?
. y . -
B hexane - ethyl as tate, Rf;’ 0 65) and 1H NMR (CDC13, 80 ‘ ,:;
MHz)] showed cnlﬁithe presence of startlng materlal 67 “fﬁ.;ﬂ*h
] , e T T T T 5guclﬁfcy;ﬁ

e T
. [

5

243 D1hydro-7-methoxy 1 (methoxymethylene)—lﬂ 1ndene (68)

}'man, vxa a s1de arm add1t1on funnel, to a suspen51on of




RN

O N . v“

g, | C. ¢ . . &.\ ‘,F-\,.
. column was developed w1th 2:1 hexane - ethyl acetate.
. Vo

[ o s ' ;

Thls procedure allowed separatlon of the bulk of trlphenyl-w_;if
. \ Coy N :
phosphlne DX1de from enol‘ethers 68 The crude product

was ugfd dlrectly 1n the preparatlon of aldehyde 6&

iij‘ chromatography‘over 5111ca gel w1th 5 l hexane = ethyl _3fi;fﬂ*h

acetate'

, : Lower 'Rf 1somer~‘ IR (cc14) 2950,‘ 2930 2905
2835 1670 1475 1460 1295 1265 1235 ll48, 1122‘?""
| 1090 1072 ‘em” -1; lH NMR (coc13, 200 MHz) 57 12 (t,.,

Hz, m). 6 85 (ad{-f

' ;-,'.“H m),"‘ “

6;1‘1. (t,




‘ \.):: ’ " ‘ ‘o 96
Y i ; 1 ™ § sl
"”1n aqueous dxoxane (30 mL droxane plus 10 mL water) and
[ I\" ' \'y \' ’ .\u'
':fthe mlxture was stigred unde: reflux for 14 h.‘ It was ;

.\-\,
. . K oo

~‘ethen cooled to room temperature, water (ca. 20 mL) was
b ‘?added anq the aquéous solut1on was extracted wlth ethervf,

‘5(2 x ca.

N b 1 ;
x ca. 30 mL),}drzed, and evaporated

mp 55 58°C,IIR (cc14) 1 25 1480,

IH), 6 89
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”L&f - 2 3= D1dero-7-methoxy 1H 1ndene—l carboxylxc acxd (65)

"””ﬁﬁﬂfﬁ‘:. Chromlc ac1d53 (Ca._o 5 mL, 2 7_%y was addgd dropwxse {qf‘

\to a cold (0°C) solutldn of aldehyde 69 (99 3 mg, u 564 , "?;QJ

\
SO

mmol)‘1n acetone (5 mL), untll an orange colouratlon

“q Y

. Aii(TLC, 5111°,‘“

i "imL) was added.and the aéueous solutxon was extrap'edﬂthh

,"w‘
, .




R y AU R
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";f“,’ . . ) 98 .
A k . i ' R
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’§ T3  146 7 (s),_129 5 (d), 128 3 (s), 17 2 (d), 108 3 (d),\{,'
géf-u;ss s (q), 47 7 (d), 32 j (c), 30 2 (t), exact mass, m/zfiﬁf&f“
‘192 0785 (calcd for C11H1?03, m/z 192 0786).‘ Anal.‘calcd,‘

e
AR ~ T

'ff‘.for c11u1205-‘ c, 68 74 ,«§,29. Fpund 68 85 : ,:w“f_cg

Lg 6.2’6‘{ N ' b‘ :
L. fﬂ}Methyl 2,3 dlhydro-7-methoxy 1H-1ndene 1 carboxylate (70)

»w?;* .f> Anhydrous potassium carbonate'(340 mg, 2 46 mmol)

.«.“ .-

F{{*j&was added to'a’ solutlon of a01d ss (431 mg, 2 24 mmol) and

312 mg,

2 47 mmol)

' ;;;d1methy1 sulfate (o 23 mL,

‘fcooled to room temperatuter and f11£e edaq The sol1d was }ng&h




o, " . LR

(q),‘47.‘8?("<:i)';‘32,.3 (t), 30‘4 ‘(t). exact massl "‘/z

T

*"_;*y@zoe 6947 (calcd for . c12H14o3.' m/z 206 0943) Anal cal/cg/
‘;““ffor c12H14o3. "cf,“69,39, H, 6. 84. | Founld : c, 69 79 H( _
' 4 j‘.e 73000 3 ‘Il‘} r e FERRRES
g ﬁ fu;ﬂ ‘b5  Aiéérnate.proéedure-j Ethereal dlazomethane ]'? d
IA wsoluglon was added dropw&se,'w1th g§1rr1ng,.to an. 1ce cold '
 0? _n  501ution oﬁ acxd 65 (40 0 mqp 0 208 ‘mmol) - ih- anhydrous ;ﬂf ‘j'
B Iﬂfdlethyl egher 12“0 mL)» untxl a YellOW‘COlOJfat106 ff ;f“kg‘xg
 f‘Pe“sisted The ‘exgess of reaqent wasvaégfroyed by ;?flmf“*?j
'fjw?f fadd;t;o6‘§f ral llttle sxllcé'géi and the mlxture was-h ”  {‘ jk
:H‘t{ﬁf1lt red ahd- evaporated‘f kugelrohr dLsczlﬁatlon [BéfE ﬁf%J;€f
g (.0 4 o ;nm)] qave 70 (42 i3 mg" 99%).

"ﬂfprepa ataon and deuterlum oxlde guench of llthxuh 2 3-‘ f' "§l

- T ' LR W
‘,.- & an

'fo~d1hydgo~l 11th10—‘—metho&gglﬁ 1ndene 1 carboxylate (71) SR




: Y -
mL). The combined extracts were washed o
hydrochloric;acid (1 ca. 10 de{ water
and brine (1 x ca. lO'hLL, dried, and eva

»

" 72. ‘These reaction conditions allowed cd
1ncorporat10n at the posxtxon alpha to th

functiOnalxty, as shown by the 1K NMR (CD

the crudg residue: 6725 (t, J = 8.0 Hz,
=, 7.0 Hz, 1H),76L70 (d, J = 8.0 Hez, 1H),
(m, 24), ‘2.53v<m,-zu); ‘ |

bf The qenerai procedure'oflteferen

. n- butylllth1um (é 43 mk, 1.55 M in hexane

T

'added dropwxse over ca 3 min to a cold (

‘acid 65 (60.6 mg, 0.315 mmcl) in THF (2'0

aroon.‘

h and then quenched by addltlon of D,O (0

was contlnued at ‘room temperature for 20 min.

ith dilute
(1 x ca. 10 mL),

porated to give
mplete deuwefium
1
clj, 80 MHz) of’

1H), 6.90 (d, J

3.8 (s, 3H), 3.05

\ ' ]
ce 55 was used:
, 0.66 mmol) was

)5C) solution of

mL) -undér

D11ute

hydrochforxc acid (ca. S5 mL, 1.M) was added and the

mlxture was extracted w;th ether (2 x

comblned extracts were drled and evaporated,.and'the

reszdue was kept under 011 pump vacuum fo

NMR spectrum ((cnciq, 200 MHz) 67.22 (t, J.

6 88 (d J-= 7.5 Hz, 1H), 6 72 (d,'J = 8.0

Q .

3.12 2. 40

(m, IH), 2.92 m, IH),

@

s ..3H).

resxdue 1ndicated 100% deuterlum 1ncorpora

position of the carboxy11c ac1d as Judged

10 mL).

Tae;‘

<

14 4Qh;-.The=1H

Hz, 1H), 3,84

(m, "2H)]. ‘of 'the’

e carboxylic acid.

tion at the a- .

b(\the?aosencei“,}'

The clear yellow solutxon was stirred at 0°C for 1 -

5 mLT. ,Stirring

‘V‘



'

. ] :

- of a signal at §4.10.

[
; ; . -
v ' »!

T

Preparatlon and deuterium ox1de quenbh of methyl ‘2, 3— fﬁ

dlhydro-l ~lithio-7 —methoxy lH 1ndene 1= carboxylate (73)

Ester 70 (131 O mg{ 0. 6351 mmol) in THF (2 0 'mL plus

v

‘1. 6 mL rlnse) was added dropwlse over ca. lO mxn to a cold‘

( -78°C) solutlon of’ LDA [prepared from d11s0pr0py1am1ne

(0. 20 mL, 144 mg, 1 43 mmol) and n- butlelthlum (0 56 mL
1.7 ﬁ_in hexane; 0.95 mmol) in THP - (2 O mL)] under‘wv

argon.' Al}quots of the reaction mlxture were removed at

1ntervals and quenched w1th 020 Saturated‘aqueouy
\ .(‘

ammonium chloride’ (ca. 5 mL) was added«and the aqueous

o . .
a3

layer was extracted with ether (2. x ca 15 mL) ‘ The

c0mb1ned extracts were washed wi*h brlne (1 x ca. 15 mL)

\ 1

drled and evaporated to g1ve 74.. A 30 min reactlon j*?errﬂ
perlod at -78 C allowed the most eff1c1ent generatlon of v
the carbanlon 73 lH NMR (CDC13, ‘80 an) 57 2 (t," é'B.Ojf»

1H), 6 9 (d J = 7.0qu,‘1H),_6.7 (d - 8.0 Hz, NiL

Y ; T
.8 ’(AS, 3H), 3‘7; (s,.‘3H),"‘3.05<‘(m>,‘.2H), .2 4 (m, 2‘1)

Atte_pted acxlatlon of carbanlon 73 WIth phthallc
anhxdrlde R : EET N RO
Ester 70 (16 mg, 0?079 mmol) 1n THF (0 5 mL plus 0 57 o

mL rlnse) was added to a cold ( 78 C) solutlon of LDA

ol




i

,:f)t[prepared from n-butylllthium (O 32 mL, 1.39 M in hexane,

0.445 mmol) and dllsopropylamtne (O 066 mL 48 ° mg, 0 47 “'

-l‘mmol) in THR (2 0 mL)] under argon and the maxture was

\stxrred for l 5 h.‘ Phthallc anhydrlde (26 mg, 0 '178 mmol)
;1n THF (1. O mL plus ‘0. 5 mL rlnse) was added and stlrring
.,was contlnued at -78° c for 30 min and. then at O c, for 30

min. The reactlon was quenched by addltlon of saturated

aqueous ammOnlum chlonﬁde (ca 2 mL) Water (ca: 5 mL)

was added" and the mlxture was extracted with ether (2 x

'ca.‘lS mL) The comblned extracts were washed with water
Q

(1 x ca. lO mL), 5% aqueous sodlum blcarbonate (1 x ca. 10

t‘

mL), and brlne (l x. ca lO mL), drled and evaporated,
ki

.Flash chromatography of the res1due over silica gel (1 x

15 cm) wlth 1: l hexane - ethyl acetate followed by ethyl
A '

o acetate gave a small amount (3 9 mg) of an apparentﬁ%i\\

“.homogeneous compound (TLC,. 5111ca, l'l hexane - ethyl
acetate) The 1y NMR (CDC13{ 200 MHz) spectrum however,

Mshowed the res1due to be a complex mlxture of compounds

0
e

, Dlethyl 3 6-d1hydroxy -1, 2-benzened1carb0xylate.478)

2, 5 Bls(trlmethylsx.loxy)furan56 (1 2 mL,”l 2 g, 4 917:‘7

o.dj thyl maleate (2 4 mL,v2 55 g. 14 83
, y |
mmol) under argon. The mlxture was stlrred at 60 C for 24 N
,h and then cooled to room temperature. Tetrabutylammonlum'

Ammol) was adde

fluorlde (8 mL,kl 0. M solut1on 1n THF 8 0 mmol) and wet



acetonltrxle (1 l water - acetonxtrlle, 5 mL) were added‘
and the mxxture was stlrred at room temperature‘

‘ c

overnxght.‘ Water (ca 30 mL) ‘was’ added and the aqueou
layer was extracted with ether (1 ;hca‘ 40 mL) and | {
: ,dxchloromethane (l.x;ca. 40 mL) The combxned extracte y

. were washed w1th br1ne (1 x ca. 30 mL),‘drled and .
R evapora%ed.‘lFlash chromatography of the resxdue over ‘ffh“:“';
' \sxlxca gel: (4 x 15 cm) with 2:1 hexane -~ ethyl acetate
.qave 78 as a wh1te solxd (518.8 mg, 41%).['mp 83—90°

FTIR (CC14,‘cast) 3251‘1,,1690 9, 1467 8,‘1312 4, 1296 8,

'¢n‘1; 1H NmR (coc13, 400 MHz) 88. 60 (s, 2n), 7.10 (é, 2n),-‘
©4.36 (a, 3 = 7.0 H;,,qn), 1.38 (t. 3 .. 7 0 Hz, 6 H); 13
NMR (CDC13, 100 61 MHz) 6168 8 151 9, 123 4, 113 3 62 0
‘u13.9; éxact mass,‘m/z 254, 0793 (calcd for C12H1406, m/z
’ ;254 0790).‘ Anal. calcd for C12H1406 C, 56 69 |
‘TYS.SS;: Found c 's6. <635 H, 5. 54.”,.g‘\}*¢*édj“"‘

K . . oL, . . . o o \ L - A .
' f v (o o . "." ‘p, ‘ N "“ "‘_ . , _..-_‘,_.

"Dlethyl 3, 6*d1methoxy 1 2-benzened1carboxylate (79)

<

Anhydrous pot3551um carbonate-(SIO mg, 3 69 mmol) ‘was:
"added to a- solutlon of 78 (371 2 mg,-l 46 mmol) and
;d1methy1 sulfate (0 35 mL,'466 mg, 3 70 mmol) in. acetone

!-(5 mL, reagent grade) : The mxxture was stlrred at reflux‘iff'

~'for 18 h. cooled to room temperature, and filtered.\ The;fg‘ﬁ _?f

.k\

g solzd was washed w1th acetone (ca}_30 mL).~ The comb1ned

S

;f11trates were evaporated and the res1due was kept under




.dll pump‘vacuum for ca; 24 h ‘to remoVe the excess‘of
dxmethyl sulfate.i'Plash chromatoqraphy Qﬁ the re51due
over 51110a qel fﬁ:x;IS cm) thh 3 1 hexane - eﬁhyl J |
acetate gave 79 k382 mg,_93%) ‘as - ‘a white sol1d : mp 101—7

103 c, FTIR (cc14} cast) 1726 3 1714 8 1449 5, 1281 aw,

Loy

1237 8,»1060;5“cm1A 1H NMR (cnc13, 400 MHz) 66 95 (s,
C2ny, 4l 33 (ay’ 3= 7.0 Hz,.4H),\3 .82 sy GH), 1.34 (¢,:3 =
7.0 Hz, 6H),_13c NMR (coc13, 100 61 MHz) 6165 7 151 2, "

123 5, 115 2. 61 5. 57 1,.14 l exact mass,;m/z 282 1106 d 

‘e i '

(calcd for C14H1806, m/z 282 1103) Anal calcd fOr LJH\_L
c14H1806.'y 59 57-' 6. 43 Fbund ‘C$*59!47;‘H T

‘ '

hp 'v . ! T

oxy 1 2- benzenedlcarboxylate (79)3.:

Ac1d 65 155 3 mg, 0 2875 mmol) 1n THF (2 0 mL plus

1 0 mL rlnse) was added dropwise over ca. 2 m1n to a coldl{

( 78°C) solut1on of LDA (0 70 mL, 1 OHM\etock solutlo

vy

0. 722 g,‘7 112 5

Prepared from d1asopropy1am1ne.11; .
‘ 1 55 M in; hexane,a

- mmal); and: n~buty111th1um (4 00 'mL
mmol) and THP (1 2 mL)3
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qulckly and the mlxture was stlrred at*—78 C for 20 mxn,

.'°‘ . \ o ot

at 0°C for 30 mln, and at room temperature for 1 5 h

d“

o mL) were added and'the mxxture was stlrred at room %:J‘n”ﬁyh”'

e e e
,v-.. R

temperature overnxght.. Dxlute hydrochlorlc acxd (ca. 15 - Lhﬁﬁ

mL, 1 M) was added and the aqueous layer was extracted

, wlth ether (2 x ca. 15 mL) The combxned extracts were\ﬁﬁvf

washed thh brxne (1 x ca. 10 mL), drxed, and
-. \J ' ‘ o, : . ‘
evaporated Flash chromatography of the resxdue over




\ TR, & :'-\\‘_,‘, S o . e : A ot

AR

’u'ﬁj:y; 9.5 Hz', lH).»ﬁ 95 (d,»q 9 o Hz, lH), 3 92 (s, 3H),‘“¢
3. es (s, 3H),;13C NMR (CDCI3, 22 63 an) 6164, 154.1,

153, o,‘122 5, 118.3, 113.7, 56.6, 56.0; low resolutlon¢5”'
mass spectrum'" m/z 200 (M ,‘ ‘2ﬁ$.>4%mof 1p_’ase_ \peak),v»;202

Vv

‘j".‘(f‘M--,",.‘{'.-" 8 3& of base peak)




.q.n1244 3 1226 0 1219 l, 1115 4, l085 5, 1039 2, 1 17 3

‘”'.%“3'1 8. 9 Hz,}lH), 6,84 (dd o

."‘.

ﬁ:saiidl Thms solld was washed w1th“ether (ca. 10 mL) and

B f . l

B

'_drled to glve 82 (214 mg) The ether washlhgs were
’ . . -‘/ R

.ﬂfacxlltate crysta111zat10n and a: second partlon f

f'*chxlled t
( yof 82 (107 mg) was collected (321 mg 1n all 81%) *mp”f“xh

,121 124°C FTIR (CCl4,»cast) 1722 7 1659 5, 1497 7

l
4’

| "995 1, 828 4, 774 3 o 15;

L RRY
o R

, ;jd J 3 1 Hz, lH), 7 £20!

;H7NMR (cuc13, 4oo an) 6; 28

748 Hz, lH). 6f97 (dd

fn«',

o <=;. . /

go 5 7 4 Hz, lH), 6. vsv““"

(d J = 8 9 HZ'

lH)' 3 78 (

3H),,3 68 (‘%‘3H),_3 65 (s),;

i

i (m, lH), 2 65 (m,jrnj

together have an'




”f;ﬁmmol) in benzene (5 0 mL) and the mlxture was stlrred

*"  under reflux for 41$an11 startxng materlal_was no.,

oy .

‘added "to a- solutlon of g ketoester 82 (114 2 mg,;o 308

Sy
longer

Lk

'”detectable (TLC, 51llca, 2‘1 hgxane - ethyl acetate)N_"“‘\F

Water (ca. 15 mL) was added and‘the mlxture was extracte‘ ‘ﬁ’

ca.

‘drxed,’and evaporated.f
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reaotlon mxxture (TLC, sxhca, 2 1 héxane ethyl acetate)

".'A




3absorbances at 1765 and 1685 cm'}1 The materxa& waf nét

',.‘ Ve

“L'ﬁ*characterlzed but from the IR spectrum 1t was clearly

.|,"‘
\

'“Qf_nezther startlng mater1a1 nor the deslted product. ﬁF\}fQ e

,"‘\‘ ‘1""‘“."‘;2 55 D'imethoxxbenzaldehyde (85) 3 ' ;‘ S R
V\”M“f. PyrldlnlUm chlorochromate (3 00 Qr 13 9 mmol) was
"Lfadded 1n small portlons over ca. 15 m1n to a cold (0°C3
Q[TSQIutlon of 2 5 dxmethoxybenzyl alcohoL‘(SBS mg, 3 48_{VH
'Q;fmnol) ;n drchloromethane4(10 mL) The mxxture was stlrrea
: At  ¥f§mPerature for 2 h and thenwgéuréd 1nto cold. ‘ﬁfTW
‘;ﬁTAé(O°C)l2 1 hexane = ethyl a;e£été (ca. ZO?WLSI The mixtureéﬁgj

y Njf;was fxltered through a column oﬂ.Florxsxl ( v 2 5 cm) and

'“fthe flltrabeﬂh

' evaporated:w'Flash ch:omaqography of the

es1due 0ver s lgch gel



v . r._.‘.” . '4_‘-‘
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Methyl 2 3 dihydro-l [hydroxy(z 5 d1methoxxpheny1)methy1]-ﬁ,

ﬂ_?ﬂu]?-methoxy 1H indene-l carboxylate (86) ‘ijﬂﬂfngff W

Ve

Ester 70 (197 mg, 0 955 mmol) in. THF (2 O,mL plus 2 0
,‘\_:‘ e ~ ) .
"H mL rlnse) was added dropwlse over 10 m1n to a cold'4‘78°c)

l

solutlon of LDA (2 71 mL,‘O 42 M stock~solut10n, 1 14 ‘dﬁddﬁ

.‘_“‘v

mmol) under argon.llThe mlxture was stlrred at‘-78 C for

| .
’

30 m1n an then at —20°C for 5 mln. Z1nc chlorxde}

etherate96 xo 78 mL,:O 69‘M, o 54 mmol)‘was added and

\‘,..

stlrrxng was contlnued for 15 mln before ‘a solution of

\|

2 5 dlmethoxybenzaldehyde (171 mg, 1 03 mmol) 1n THP (2 0 Lﬂﬂ\

I v

‘d: mL plus 1 0 mL rlnse) was 1n3ected qu1ck1y. The mlxture‘{wnv
% “ 5 ‘i ,’ ‘\' o . '

X  ‘ was st1rred at 0°C for 1 h and then at r00m temperatuxe '12;

.\w"

aqueous ammonlum chlorlde (ca.,S mL) Water was added and @fw

a3 10 mL), drled,




““"ca, 2 l hexane —'ethyl acetate) wthh are lhé&

“Tfr§§ﬁ{éhfo@5£og£abhykg Low Rf

{1someb (0 22 8111ca, 2 l hexane - ethyl acetate) p?
qu39 143° c;l IR (CCl ) 3580,\2950 1722 1490 1475. 1465

linjé; 1300;'1253,‘1215, 1170, 1160 1085, 1050 on” -1, ln

";'-'.”NMR $§0C13. 400 MHz) 67 23 3 J 7 S Hzr m), 6. 83 ‘d' \J

3j“§—~s 0 Hz,.lH) .6.78 (m; 3H), 6. 15 (d '2 5 Hz,‘lH),

| ‘(s,‘3h),, '( 3H), a 77 %s,‘BH), 3 38 (sj 3H),‘2 53

/\ (ddd -3 = 1 o ~9 o 15.osz, lH), 2. 41 (ddd; J z. ‘;.OAL
'r~‘ Suh } F. S ‘ o f"
13 o Hz,;lH),_Z 25 (m, IH), 1 69 (m 1H),113c NMR (Cnc13,

|
™

100 61 an) Rl?6 7 156 s 153 0, 150,9, 148 7 129 6 !g{ s

129 s xz9 3 117 5, 115 1 113 3,M1TI”4, 109 o, 69 e,

64 4, 56 1, ESQS, 55 3 52 3 ; 31 2 eXact mass,um/z
372 1563 @Ealcd for C21H24O6,:m/2 372 1573). Anal.5calcd

k) "\ ]

N , ; P '\1"
for C21H2406.‘3 <-;*J, 5 6 )0., Found'”“C 67 77 H, :N;,

;_(d 33*-5111ca, 2 1 hexane - ethyl‘hwwb

;"“Ag‘o77 0,1052g3'




'

| and them DAGk extracted wlth ether (2 x g

129 I,

‘‘‘‘‘‘

\ methoxy IH 1ndene l carboxxllc ac1d (87)
- mg, 0 188 mmol) and the mxxture was stirny
aqueous 5% sodlum hydroxxde

-’_aqueous solution ‘was extracted with. éther]

";;combxned extracts were washed W1th brlne

\

2. 64‘(m}

CIPEECEE S

), 2528”(m;'1n)} 2.06 (m, ‘1H)

100 61 an) 6178.8, 156.8, 153.4, 150.9,

128 8, 1;5,5,‘114 6, 113. 5,‘110,1

63.1, 56 0, 55.3, 55.1, 52 2, 32 2, 30.7

24 3 D1hydro—-—(hydroxy(2 5- d1methoxyphen 1

11

"107.4, -

46.7, 131.1,

67.7,

"

2 h.

‘.TKTfﬁEJ

An aqueous solutlon of pota551um hyd
\

"2 mL of Hzo, 0. 53 mmol) was

The solutlon was cooled t room tem

S added

g

acxdlfxed to’ pH 1 by addltlon of 1 M ‘hydr

A - .

(

The re51due was r

fld

25%) as a w

drled ‘and evaporated.

from‘ether to glve 87 (47 ng,

2930,

190 205°C, IR (CC14) 3580, 2970 ‘?8

1695,fl475, 1462, 1260, 1215, 1115 1082,

8 0 Hz;

‘NMR (CDCI3, 200 MHz) $7.23 (t. J~=

= 8. 0 Hz, IH), 6. 73 (m, 3H). 6 27 (s, br,

IH) ’,
P

(m, IH), 2.40 (m, 2H)” l 85 (m, IH). The

63 91 ahd 3 90 together have an area wh1c

1. P Y

S e

(ca-

a.
ecrystalllzed

hxte solxd

95;

Jmethyl]-7- -

! '
. s

roxide (30 mg,

perature and

10 mL) .

ea. 15 mL

ochlorlc acid

15 mL),

ca; iddmL),k‘

Y

2860

1045 o’ 1# 1y

iH); 5 96 (s,

in

droxyester QQ'Q7O

ed at reflux for

The»

3¢ wr (coely, |

,

A

Y.

The .

mp .

2830,

-

Jh'J

s1nglets at S

. corresponds to‘

.

.@1 (s), 3 90 (), 3. 72 (s, 3a), 3.h3 (s, 31, 2. eo’



\ ' | .
4H. 'Low .resolution naSSVSpectrum; m/z.BSB‘(Mf‘,hlrl% of,
Treatment of 87;with diazomethane'qave a compoudd"
whose spectxa (IR; 1y NMR MS) proved to "be identicai"witn

those of the lower Rf dlastereolsomer of 86.

0

)

. Attempted methylatxon of. hydroxyester 86

r..a

Compound 86 (24 8 Mg, 0 0665 mnol) in DMF (1 0 mL

plus 0.5 mL rlnse) was added to a cold ~(0°C) suspensxon of‘

sodxum hydrlde (4 mg, 0.15 mmol) in DMF (1 0 mL) under”
o

argon. The m1xture was slowly warmed to rOOm temperature

over "1 'h w1th st1rr1ng, and then cooled to 0°C.A.Methy1

iodide. (0. o ‘a» 11.4 mg, 0. 0803 'mmol) 1n DMF (o 1 mL)

'-“w ;
was - added andﬁﬁrlrrlng was contxnued for 4 h before the

.,reactloﬁ was quenched by addltlon of saturated aqueous
‘ammonlum chlorlde (ca. 2 mL) Water (ca. 10 mL) was addedv

and the mlxture was extracted w1th ether (1 ca. 15 mL)

‘ andvdlchloromethaner(l x’ ca.-lS mL) . The comblned

-'f.(l X ca. 10 mL), dr1ed and evaporated Analys1s of theA

9xtracts were washed wlth water (1 x ca. 10 mL) and . brlne‘;

,"crude re51due [TLG 5111ca, 2 1 hexane - ethyl acetate,

N

;and 1H NMR (CDC13, 80 MHz)] showed the presence of retro-'

!‘ aldol products 70 and 85

RN



Yo
» .

(E) 2 3 thydro-?-methoxy 1—[3 (trxmethylsxlyl) 2— '

Agropenyll-lﬂ 1ndene 1 carboxy11c ac1d (91) .
;

‘Acid 65 (311.4 mg, 1.62 mmol) in THF (4:0 mL plus 2.0

mLirfﬁ§’)‘uas‘added drooWise doéf_ggi 10 min to a cold (-
78°C) solut1on of ‘LDA [orepareddfrom‘diisopronylaminei
\(0.57 mL, 41.1 mg, 4.07‘mmoi3.in THF (6.0 mL) and g;'
.;bhtyllidhlUN-(Z.?ImL, 1.39 ﬁ!in hexane;'3:75;mmol)] under\
argon. The solution was'stirred’aty—789Cufortl h;‘at}room‘
temperature for 20 min, and at 5p°C for I h. Tt was'then"
"cooled to -78°C and the v1ny1 s11ane 9034 (410 mq, 2. 12
mmol) 1n THF (3. 0 mL plus 2 0 mL r1nse) -was’ 1nJected

. qulckly. 9t1rr1nq was cont1nued at -78°C for 1.5 h the‘
,coollng bath was removed and,.after 15 mln the reactlon f‘~‘
‘was quenched by addltlon of . saturated aqueous ammonlum .
.chlorlde‘(ca. 10 mL) ' Water (ca..lO mL) was added and thew
.o'mixture”was extracted‘w1th ether (2 X' ca. 30 mL) The
comblned extracts were washed w1th water (1 x ca. 20 mL)“
'and brxne (1 X ca. 20 mL), drled. and evaporated ‘ ﬁlash”'
chromatography of the re51due over 5111ca gel (3 ; 15 cm)
thh 5 2 hexane-—ethyl acetate followed by 1: 1 hexane -

ethyl acetate gave 91 (363 6 mg, 73%) as a whlte sol1d

‘mp 123 129°C-'FTIR (cu2c12. ¢ast) 1693 s, 1481 14 1264 6.? o

;uw

‘124, 1, 835 8 cn” -1, Iy NMR (cnc13; 400 an) 67 21 (t,u

7 5 Hz. 1H), 6 84 (dd, J : 1 o, 7. 5 Hz, IH), 6. 71 (d., -

8 0 Hz, IH),35 78 (dt,.:‘ 18 0 7 0 Hz,~1H), Sa 62 (dt,

&= 18 5. 1 0 Hz, lH), 3 86 (s, 3H), 2 99 (ddd,iJ = 5 0,



9.0, 1S§0”Hz) in), 2. 92-—2 76 (m, 3H), 2.56 (ddd;vd |
"6.5, 9.9) 13.0 Hz, 1H),.2.19 (dddy B s s, 9'6, 14.0 nzf
1w, o 03 (s, 9H); 13c NMR (CDC13, 50.3 MH2) 6182.0. (s},
1562 (s), 126.4 (), 142, 77 (), 139.0 (), 131‘.6 (s),. "
129, s (d),‘117 2 -(d), '108.%, (d),»57 6 (s);l5§ §:(Q), 42‘7
I(t),'35 9. (t),,31 9 (t), -1.27 (q), exact mass, m/z T

304. 1499 (calcd for C17H240391, m/z 304, 1495).; Anal
'calcd for C17H2403Q1 c, 67'06. H, 7:945 Found Cf""‘

66, 987 W, 7.93. o e d'.jﬁ"‘

‘y

- 2 3 D1hydro- -methoxy lH 1ndene l-qg}ro-l'—(B‘-cyclo-7f'

Lo TN

-Qenten 2'—one) (92) ;'QZf”  ,;3_@gif,|‘}yxwf"

Thxonyl chlorlde (0 a4 mL, 71 8 mg' 6 03 mmol) wasfn,ﬂf

,added to ‘a. solutlon of ac1d 91 (183 5 mg; 0 6026*mm01)

1

‘ tether (10 mL) under argon, and the mlxture was stlrred at:‘ '

U 1 -.-.»- “

P

"'nroom temperature for 14 h f The 501vent and excess of

jfreagent were evaporated and the re51due was drxed under
N o ) 'v‘ el ~”‘V”“Z”r‘"ﬁuﬁﬁz.”‘h

: ,011—pump vacuum for 18 h g

B iplus 1 0 mL §1nse) was added to a‘coldl(D°C) suspen51on&o£5ﬁ

(‘alum1num chlorlde35 57 (194 3 mq, 1 457 mmol) 1n

A

20 mL).'

The«eombxned extracts Were washed w1th;water R




' (1'x_ca. 20 mL) and brine (1 * ca. 20 mL), dr1ed,,and ﬁ:‘j”;

,‘;hg‘evaporated. Flash chromatography of the res1due thce-iji‘

' ?ver s1110a qel (2 x. 15 Cm) w1th 3 1 hexane - ethyl : Je}{$i%gn

s acetate gave the spxrocyclopentenone 92 (85 8 mg,,%hﬁﬁff?ffffff
' 66. 3%);» Recrystalllzaf§\hN1;om hexane ~ ethyl aCetate “ﬂfﬂff

o

\! provxded an analytlcal sample.‘ mp 93—96,.. FTIR (nu;ol) &ﬁ

~(1695 9 1585 6, 1305.5, 1264. 3,.1080 8,,787 3 en” 1 1n NMR

(coc13, 200 MHz) 67 71 (dt, J - 2 5, 6 0 Hz,._ 1H),’_7 18 (t,

‘ .

715‘Hz,‘1H), 6 ee (a a 7 5 pz.

N

‘m), 6«31 (dr.\

b'

3H), 2 81 (dt,

12 o, 8 5 Hz, lH), 1: 97 (m, lH)‘ f
6 31'




\vﬂ‘
"."

d1chloromethane (4 mL) uhder arqon.”‘- The mixture‘ was

RN
N







nued- at; 3




.»'\v NN "-, . LS P T PN B L o T e

i

and‘c,l‘s“isomer‘s were present 1n a ratlo of ca. 19 1.,.,13C P (

o “e

. ‘ N

‘1003 61 an) 6194 3, 158 1, 144 2 ‘—2 o :"!@S,S?




L ' ‘

‘\‘:.‘t-"iand evaporated.‘ Flash chromatography of the resxdue ove'r

1

"_,“Sllxca gel (2 x 15 cm) Wlth 1 2 hexane --~ethy1 acetate

i

'.":‘,.:‘L",‘gave B hYdroxyacxd 97 (35 5 mgn 24 5%) as a v1scous yellow ‘
jf".'c;.l IR (cc14) 3550 3080 2840. 1690. 1465 1305. 1260.,.7”" i

.‘.:--“.1.245' .117”5' 1085 lem” 1 IH NMR (ch13,,200 MHz) showed the




wlth ether (1 X ca-;

washpd w1th dilute hydrochlor1c ac1dr(1 * ca

-‘10 mL, \1 M),

5% aqqeous sodlum bxcarbonate (2 x ca. 10 mL), and brlne

SR

(1 x c%;‘lo mL),Wdried,\and evaporated.w Flash blfﬂ ‘q .
Ry (1 15 cm)

‘fchrOmatoqraphy of the re51due over 51l1ca gel

thh l l hexané féthyl acetate followed by neat ethyl .fﬁﬁxﬂ

acetate gave 98 (16 5 mq, 78%) as a. mlxture of Q:fjfffgf*

o

dlastereo1somers from wh1ch only the lower Rf 1somer (TLC, R

5111ca,"a‘_hexane - ethyl acetate,vjfﬁ 0 16) was cleahly




o . o T
Gl : .
R

-'f‘stlrred at room temperature for l& h. 

”Qexcess of reagent were;evaporaced and

ﬁfﬁfdrled under 011 pump vacuum”for 2 h. },;3~ ,;;jQ;ﬂg'”
e \ L pel - T Lot T sy
U The crude acxd chlorlde 1n dlchloromethane (1 0 mL‘j'fzg

v

;_flﬁtplus 0 5 mL rlnse) was added to a cold (0°C) suSpen51on of b

~

‘nggjalumlnum chlorlde (2 43 mg, 0 182 mmol) xn dlchloromethane.

Fw s stirred at 0°C fér 1 5

“V(Z 0 mL) The yellow solutlen

'h and then at room temperature overnlght.‘,Water (ca. 10

| "o

'U,fme) was added and'the m;xture was extracted w1th ether (2




’ 4”,was d;luted w1th watq‘.(cap 10 mL) and extracted w1th

‘;ffﬁether (2 x ca. 15 mL) The comblned extracts were Mashed

- Au‘
'

- w‘ . .
¥ ' ‘ N

r LI

“vz},wlth water (1 x cau‘lo mL) and brlne (1 ca. lo mL)'«“‘”EJﬂ?

M"ﬂ}drled, and evaporated. Flash chromatography of theﬂﬁye““J

Yeoa

:"ijre51due over 5111ca gel (1 % 15 cm) WIth 3 1 hexane o

"jrethyl acetate followed by 1 l hexane-—ethyl acetatef{”fﬂrrﬂf

Ix,‘

?fallowed separatlon of startlng materlal (5 3 mg,.22.v_

'recovery) frOm the oxldlzed,product 99 (3 5 mg,,13 7%)
"ﬂiu NQS (CDC13,.4OO MHz) 7. 56 (m, 1H),»7 27 (t,‘ 8 o

lH),‘6 o3, (d g8 Hz,‘lH), 6. 72 (d 8 0 az47]7“

Pffgln), 6 40 (dd J‘= 6 o 1 8 Hz,,ln),,s 24 (m._lH),v3 74

) 2 50 (m. 1H), 2 20 (m, lH),‘2 oofﬂ”ffw

)




| R Ly . AV Lo o
' ac1d (ca. 15 mL, 1 M) Wfs added and the m1xture was .. SRR R
. “‘ v ' .. A'\ . ' .:" ;"; o o :

extracted w1th dlchloromethane (2 x ca. 15 mL)._‘Thé‘>‘“

. . .
v, o X

combxned extracts were washed w1th water (1 x ca. 10 mL).; o

ifand brxne (1 X ca.,IO mL), drled ‘and evaporated : Flash

.‘chromatography.of the resxdue over s111ca gel (l‘x.IS cm)
| gave 100 (4 8., mg;‘34 7%) as “a pale yellow sblxd-hwiﬁ’ﬁiﬂﬂ‘
(cc14) 1752, 1478 1262,‘1082 cm-l 1H NMR (c0c13,‘266ftu“x

an) 57 20 (th,”, 7 s Hz, 1H), 6 85 ldd J = 1.0 a o uz,h

1H), 6 69 (d, 3% 8. o Hz, lH), 3 97 (dt,:b‘%,2i (1.0 Hz% o

1H),‘3 76 ( 3H),.3 sg (d J 2 5 Hz, 4&),-2 97, ( 2H),\

A "‘“‘

z 38 [m, contalnxng *s(br) at 62 as, 3H]. 2 10 (ddd, J(—LVQ_‘T;}l

Cog

"his; 6 5, 11 .0 Hz, IH) ‘ Irradlatlon at 53 97 caused thef

sxgnal at 63 56 to collapse to a s1hc1et.s Updn }ﬁy..
1rrad1at10n at 62 97 the sxgnals at &3 38 and 62 1& wereby°
51mp11f1ed.‘ Exact mass, m/z 230 0942 (calcd for C14H1403,&hgﬁh.t

m/z 230 0942)

el

Attemnted deprotonat1on and deuterat1on of 92

Yoo 'n,
[

"‘ .‘,



‘chlorlde (ca\ 2 mL) and water (ca 10 mL) were: added and
the mlxture was extracted with ether (2 x'ca. 15 mL) The .
‘comblned ‘extracts were washed Wlth water (1 x ca. lQ mL)

‘and brine (1 x ca. 10 mL), drled and'eyaporated'

i

|
Analy81s [TLC (s111ca, 2:1 hexane = éthy1 acetate), IR,

LI

and 1H NMR (CDC13, 400 MHz)] of the crude resxdue showed ‘

. ,the presence of at least three~§ompound$ with the- major

RPN

component belng theann deuterated star 1ng mater1a1 92.
N . ‘ . v . B R

Attemgted D1els—Alder reactlon of 92 and (E:E)-1,4-

"Jdlacetoxybuta 1,3- dlene (103)

) The geheral procedure oﬁ reference 66 was used
e A o
a: solutlon of spirocyclopentenone 92 (32.8° mg, 0 153‘mmol)y'd
. [ .
1n toluene. (O 5 mL plus 0.2 mL"rlnse) was added to

halumlnum chlorlde (17 1 mg,,O 128 mmol) at 10 C and thel

mlxture was stlrred at room temperature for 40 m1n. T
. n N B

(E E) 1 45D1acetoxybutadgene 103 {88.3 mg, 0 519 mmol) 1n ‘;'l

"toluene (0 5 ‘mL, plus 1. O mL r;nse‘ Q”s added and the

mlxture was stlrred at 70 C for 19 h. The muxture waS‘“

' ‘I

nfoured 1nto 1ce—water (ca.’20 mL) and the flask was rlnsed

b DA . ..«-,‘ N T a

with- acetone (ca. 4 mL) The mlxture was extracted w1th

e
. E o . . "y f B v
. - . . e N '

L ; .?L
oo ;J*‘,
'S Lo



‘
’

h':hg, 0. 394 mmol) 1n toluene (l 6 mL) was added and stxrrlnq '”fV

washedwwlth,sﬁ aqueocus sodium‘bicarbonate (1 ?'caQ'go hL)‘;

and brine (l‘i ca. 20 mL),'dried and evaporated Frash'

_chromatoqraphy of the re51d@e over. sxlxca qel (1 x lS cm)

with '5: l hexane - ethyl acetate followed by 2 1 hexane -
ethyl acetate allowed recovery of startlng material
[ldentlfled by Iy NMR (coc13,' 200 MHz)] 92, (29.4 mg, 89%)

b

as a sllghtly 1mpure sample (contaminatéd thh an - ‘

‘ unldentlfxed product from decomposxtxon of dxene 103).

. Thls was the Only major component of thn reactlon mlxture.

:bl‘ A solutlon of . splrocyclopentenone 92 (15 0. mqg,

0 070 mmol) and d1ene 103 (22 a4 mg, 0.132 mmol) in toluene

"

‘gt,oluener 0. 099 mmol) was added to a cold (ca. 10°C)

(l 0 mL) was stlrred at 100°C under argon for 30 h "The
solvent was evaporated and flash chromatoqraphy of the'

resxdue OVer 5111ca qel (1 x_lS cm) w1th 2:3 hexane -

ethyl acetate qave several mlxed fract1ons. Analysxs [TLC ‘_f

(5111ca, 1 2 hexane - ethyl acetate) and 1H NMR (CDC13,1
200 MHz)] of the fractlons showgﬁ the major c0mponent to
be unreacted startlng materxal 92’7 , - ‘p 4 |

| "C)‘,Ethylalumlnum.dlchlorlde (0 055 mL,_l 8 M 1n

soluQ1on of. Splrocyclopentenone 92 (23 2 mg, 0, 108 mmol)

in toluene (0 3 mL) under argon.. The solutxon was st1rred

at room temperature for 30 mm66 before dlehe 103 (67 l

?,

N V"
P . T

PR

i

IO

LA




D‘” to room temperature, Qater (ca. 10 mL) was added and the"
m1xture was extracted wlth ether (3 x ca. 15 mL). The»r
comblned extracts were washed w1th 5% aqueous sodlum
bicarbonate (h ca..lO mL), water (1 x ca.‘IO mL), and f\ﬁ
brine (1 x ca 10 mL), ‘dried; and evaborated.l Flash o ‘
Vchromatography ot the residue over silica gel (1 15 cm)
w1th 2z 1 ‘hexane —-ethyl acetate alIowed separatlon‘of two

'ImaJor components.? These were shown [1H NMR (CDCI;. 200
1 MHz)] to be unreacted startlnq materlals 103 (63 O mq, 94%

recovery) and 92 (14 8 ma, 64 recovery\

' ' . ! “..‘ Y . o o ".

(E E) 1 4- Bls[(tert butyldlmethy1s1;yl)oxy]buta 1, 3 dxene,“‘

(104) o | -‘., R o RN ;}"-;,:
The general procedure of reference 67 was/followed
usmg d1acetate 103 (341 7 mg,,z 001 mmol) and methyl-':;t“.
lxthlum (6 4 mL,‘l 56 M 1n%d1ethy1 ether, 10 0 mmol) 1n
THF (4 0 mL),‘ahd tert butyld1methylch10r051lane (1 52 g,l;:
10 1 mmol) 1n THF (5 0 mL) A dlfferent work up was used.

though" water (ca, 10 mL) was added and the m1xture was)

-”-@_»extracted WIth etherffz_x ca.;LS mﬂ_,‘¢The.combLned




3gAttempted D1els Alder ‘reactions’ of 92 and (E E) -1, 4-

”'j»Bxs[(terthbutyldxmethylsxlyl)oxy}buta l 3 d1ene (104)

‘itoluene (l 0 mL) was stlrred at 100°C under argon for 67

ﬂh 47 ) A solutxon of splrocyclopentenone 92 (19 7. mq,'q*l

o, 0919 mmol) and dxene 104 (64 8 mg, 0. 206 mmol) "

s

_ h.h The mlxture was cooled to room temperature, dlluted '

<'w1th ether (ca. 15 mL) and washed thh brxne (1 x ca. 5{‘ &

fha . N ) o

mL)‘ The organlc extract was drled and evaporated.c Flash

i

' chromatography of the resxdue over 5111ca gel (2 x 15 gm)

v

f,thh 5 1 hexane - ethyl acetate allowed separatlon of

A‘

,start;ng mater1als [1dent1f1ed by 1H NMR (CDC13, 200 MHz)]

.-\

';104 (37\5 mq as an 1mpure sample contamlnated WIth




‘1
[

'l
sy
v

' ar90n.J\The pale yellow"solutlon was stlrred.at —78 C fo'

.‘ij,

‘intemperature for 20 mln, and was then quenched by addltlon

d”ff(ca;

indene-l carboxylate (105)

_at —78 C fqr 30 m1n. at,O C for 15 mln,,and at rOOm

Ester 70 (155 7 mg, o 7549 mmol) in THF (1 o m plus .
0 5 mL r1nse) was added dropw1se over ca. 5 mln to a cold

( 78 C) solution of LDA [prepared from dllsopropylamlne iﬁ“t

(O 16 mL, 115 mg, 1 14 mmol) Ln THF (3 0 mL) and n-butyl—

lithlum (O 75 mL,zl 4 M 1n hexane. 1 06 mmdl)] underd;

- N

240 mg. l 89 mmal)

-

5 mL) was added and the m;xfure wadif:f;i”f;f'”tf”



‘*i47”2; 130 5. 128 2

55 6r*52 5,‘41 9, 38 9,

‘ gl'ycol (0 15 mL, ‘166' mg, "2A‘ 68 mmol) 3 trlethyl o"‘;t.hoformate,

g




R

e

f : et ‘ Ly , : AL A I
p3-dihydro-7-imeth6xy-1-[3-(phénylthio)-l-oxo= . =

Wt ¥
S

H-'indene~

i
ALY




\-D> -ml- - . " TR Sy an e T T RS

7 o Hz, m),

RESR L —--', \‘.v-a”_\\.a,"\.)'._
. T \ : - ‘f”, SO

,6 70 (d J"“' 3 73 (s, GH), 3 11‘-_‘.;.-_;.13-"
|  ;‘ ( 3H)._2 91 (m,










aiff";“'i_’z 4‘3“‘(m, 2H), 1 02 (c, J \-f7 0’ Hz” 3u)
RSP U
"5262 1207 (calcd for C15H1804, m/z 262“}205)
T DR ST BRI

exact maSS. m/iT

fGB (4 Methylgpe;ylsulfoqyllprqpanal dxethyl acetal (ll3r

W

‘ Vfﬁ:h water &ca. 30 mL)fffﬁ



\..-

aqueous solutlon of oxalxc acxd (10% w/‘v, 1 mL) was added




._lg;,O 606 mmol)

\1 0 mL rxnse) was added dropwlse over‘ba.

R , S

v

0 91 mmol prepared hexane,;Gu

:7asolut10n was st1rred atv-78°C for 50 m1n and then aldehyde

? “H

1n THF (2 0 mL plus

;0 mmol] under argon.f’Thé

Cd
"

10 m1n to a cold

( 78 C) solutlon of LDA ll S.mL, O 60 M stbck so].ut:,on.L

[

by
3 /

/v."

114 (227 1 mg, 1 07 mmol) 1n THF (2 0 mL plus 1 0 mL

‘4".




’ sulfonyl) ~1= [(trlmethy151lyl)oxy]pr0py1] 1H 1ndene 1—“"f”ﬁaf‘f

Cu S

‘E”carboxylate (115)

TRI SIL71 [(1 1 hexamethyldlsllazane - chlorotrl—q_l“

\

‘A,methy151lane) from HMDS (O 2 mL 0 78 mmol). TMCS (O 2 mL

‘Lo 49 mmol)] was added to a, solutlon of B—hydroxyester llfﬂ

e

'(60 0 mg,‘O 145 mmol) 1n DMSO (1 5 mL) at room tempe;ature

ﬂ'under argon°‘and the mlxture was. stlrred for '3 h.w Water-w‘w

U N " "
, o AL

j:j&aL lO mL) was added and the aqueous solutlon was

.v i ~,'

f;extracted thh ether (2 x,.ca. 20 mL) The comblned ether‘tw;v h

. extracts were washed wlth dllute hydrochlorlc ac1d (l;Qf‘ .
Ve PRI ‘,‘\“l ',‘,“'/'. ,\\ ‘l- o -

2 mL 1 M), 5% aqueous sodaum blcarbonate (1 X ca lO""ﬂ‘

flmL) and brlne (l x c‘ OLTE7 drled and eVaporated

..*" - . \

,.“ w

fﬁFlash chromatography of the re51due over 3111ca gel (2 x

'\"; ‘4

BN

) “745Re¢rys€ailizatlon fr3m hexane -‘ethyl




{54 (s, 2.35H), 3. 25 - 3. oe (m,‘IKBSH), 3 06 =2, 84 (m,gl
2. 10H),f2.45{($, 1. 98H), 2 44 (s, O, 99H), 2 35 (r, 1 ssn),
‘2y2} (m, o. 99H) 1 82 (m, o 74u), 1151”(m, 0<43H).,, o 076
@(’é, 2 13H), ‘-O 325 (s, 6 BOH) Irradlatlon at‘62 35

collapsed the multlplet at 63 06 - 2 84 to a broad

w*' !

sihglet.i Irradlation at 54 71 resulted in 51mp1151cat10n!
gﬁthevmeltlplet ;t 62.21. l3c NMR (coc13, 100. 61 Mﬁz)‘
5174 7,.156.5, 1147.9,° 144 a, 136.5, 130.6, 129.8, 120.7.
129,5, ;28;1.'128 0, 117.6, 117.3, 108;7,‘109;4;,7223,~ee'\:x
72 s, 64,10 55.2, 54 9, ‘54.7;'54}6v»51(8,"51*5"3234;5#;¢' |
31 8, 50‘4j‘29'8 8. 4,,26 8, 26, L, ‘6;62; 0.020: " inass . .

‘ spectrum (CI),'m/z 508 (M+18) Anal-'calcd for‘

Vel

C25H340631S~ cy, 61 19 "H, 6 98 6 53.3 Eogyd:‘ig,.,
. 61.22; H, 6.98;" 6 go ;~h "yffJ'f‘ Lo
S *,‘,:p,e "‘p.’~ S L ,

2, 3-Dlhydro-:-methoxy IH-Lndene-l splro-l';[3 r(4—methy1v

EpenylsulfOnyl) 5‘-(tr1methy151111)oXy} cyclopentan 2--one {:f

o

(116) 5“45,fxv :V,:;gxgkyuﬁ;Qj;,~-;u;ﬁ I,v;j jg';l”

The general pqqcedure of reference 68 was used-f“

| ester suifone 115 (130 2 mg,VO 2653 mmol) An’ THF (2 o mL

Not all carbon s;gnals of both dlastere01somers were"
resolved 1n thls spectrum.ﬁﬁ“;kz.,A RN :




~solution, 0.66 mmol) under argon. - The brlght yellow R

,‘reaction mlxture was stlrred at -78°C for l h and then at'

[N

‘0° C for 1. h. It was then quenched w1th saturated aqueous5

*

‘ammonlum chlorlde (ca.‘5 mL) ;»Water (Ca 5 mL) waS‘added,:V

and th mlxture was extracted thh ether (2 x ca..20

,\T- :

mL) The combxned ether extracts were washed wlth water

A

f(l'x ca. 10 mL) and brgne:{l'& ca. 10 ML), drled and f“f'e

evaporated ‘ Flash)ehromatography of the reSLdue over

g salica gel (2;x;15 cm) w1th 3 by hexane - ethyl acetate

A

‘ gave compound 116 as a mlxtute [ca. 15 5 3 2 2 9 1 H

IS c e . -

NMR)] oc*diastere01somers (104 mq, 85%) o mp 47 55°c, FTIR

‘CCl4r C&St) 17505 '

”1430,'1315, 126A 2, 1251 6, 1149 9

1128 6, 1084 2, 879 4 843 2, 775,‘574 5 cm.?, 1H NMR

(coc13, 400 an) 57 82 1 88 H), .36 (m, leBH),T7 16‘5}

‘l1 oon), 6 78 (dd u o s, 7 5 Hz, 0, e?u), 6 69 (d J

8 o Hz,.O 133), 6: 60 [ ‘o.gbﬁg“eéncain1ng a, doublet ax;

Lo ng, o 13H).

;3 5 Hz)}, 5 01 (dd A 9; 0,
‘ l - “

q1o 5 6 5 Hz, o 70H),‘A 45 ec,_ , 9‘0 nz,fgif

;2 01n>,
”1zn),




146'9, 145 1,' :

129 5, 129 4‘,'._1'29 2, 7y
67 1, SS '3."'

2 3v-D1 ":-IH 1ndene l spxro-*l'-cyclopent 3'

»v
o vv

Iu ‘, N ) ) Lot
'_‘, gt . . -r. R ' AR

en-2‘

.’.




wlth 2:1 hexane ethyl acetate then gave 89 (35 6 mg,

88 5%) N mp 103'57105°c-'FT1R (cc14, cast) 2858 1700 s, .

1260,.1077 o cm 1-

7 22 (e, ”ij

.

lu MR (cnc13, 200 an) 57 33 (s{ 2H)wl<<

-7@75;1 lH) 6,91 (dd . 1 o,,7 5 Hz, '1H),

>JL

6 61 (d f 8.0 Hz, lH), 3 62 (s, 3H), 3 18 ( 3;=37g55'“'

ZH), 2 34 1,*:J 2 7 s, Hz 2H). 13c NMR (coc13.,1oo 3%

ot

an) 6206 o 155 2, 1‘8 3, 148 o,‘13o 4 127 7, 17, 5,«*‘5;~

108 6, 61 3, 55 3, 34" 32 2 :exact mass,‘m/a 228 0790

¢

(calcd for C14H1203, m/ 228 0787) ﬂ Anal ‘calcd for

'

:ao,r pound.,,j, 73.71~.n, 5 21 |

i S ey . N
. ¢ L -

P . . "\,;. . o )
kS Co o v . N I
. . S

2 3 Dlhydro-.-methOxy 1H—1ndene-1 spiro-2f-[2H]-1nden—”:ijl

1

, ”gdv 3 -dione (113) ;fﬁ,;Q’;lqﬁff ,T,iﬂt,Q yﬂ3;g;jr

‘,‘ Lt

D1ene 104 (32 6 mq,.O 1 36 mmol) and enedlone 89

}‘ (13 5 mg,\O 0591 mmol) were st1rred at 140 C, under an

te N

r\'
i

a:gon atmosphereffor 16 h. The reactlon mlxture was

c001ed to r00m 'emperature




«ﬁ_yy J =7, s, o 75 Hz, lH), 6 57 (d, 8. 0, Hz,.lH), 3 42 (s,
3u),A3 28 (t,; | 7 25 Hz, ZH),‘Z 46 (t,.a = 7 25 Hz,72H>-~ﬂu

‘“ f"]exact mass, m/z 278 0938 (calcd for C18H1403. m/z

278, 0942) R “f\A\Am“;i,.ﬂﬁ'*$ﬁ13df

TR v,
RN

f 2, -D1hydro—7—methoxy 1H“1ndene-1 sp1r0-2'-[4' —bls— mw'f{Vg

v

””«(tert butyld1meth1151ly1)ogy 3a ,4'”71,7a*—tetrahydro]-[2—fﬂ;

1-1nden—1'”37-dlone (117)

v

"vff  ' A solutlon of 89 (10”0 mg N :
3 (60 0 mg, 0 191 mmol) 1n dlchlorometh{hel(lyz mL) was ff :

"

-‘1  bellows.x The bellows was complewely,f lled w1th the

,' ‘j'so1ut1on, so as to remove all

v




“ﬂvmlxture of 1somers. Three 1somers Qere detected by TLC Q:;ﬂf
. \" ’

?5;(sxllca, 5 1 hexane - ethyl acetate, Rf,f O 60 0 22 f?j;£”<

f@hfio 42) and one of these (Rf = 0 42) was cleanly separated

1

’fﬂqurom the others (3 4 mg)"t FTIR (CC14,

,cast) 2952 4 ;Jﬁf”
”f{‘2928 8,,2856 o, 1726 7,\1479 9 1255 8, 1082 4,‘1052 1,

“.1377 1, 837 0, 776 4 ‘en” ‘4 lu NMR (coc13, 400 Mitz ) 67 16
‘4 J = 7 5 Hz,‘ln), 6 as (d J :

8 0 Hz,_lH), 6 00 (s, br,

VV;f3n),f”J (dd,

.H,Z O,HZ,.ZH)‘;'?1<-“



6’7 22 and 7"?’20 togéther have an area that correspOnds to

1, os a; tHOSe at '62.'38 ‘and ‘2"35,, to 1 9‘m, and those at

0 06,' 0 053 "and 0 048 to 12Hq=‘







2 ISH)' 7 02 (dt' J by 1 0' 7 5 HZ, 0 65”)1 6 81 (d' J _,1-“' ‘ ‘:"';v

E s7n). 6. 73 (dv _._Q;'= 7.5 Hz,, K 57H), 6 67 (t.
"-5 Hz,‘ 0 43H), 6 21 (s,

*gonl. "‘6 (d,‘

St

1f86n),ﬂ3 47 (s, 1 43H).M 7g

'“~=5‘98 (s, 0. 43H),

3 84 (s,

1 15H), 2 23



'“”ﬂ113z 5. 132 39:

0071 60 143, f132 26,:132 15
‘.132»11, 132 &, 130 4, 130 2;3129 4u, 129 3&, 129, 26,

'“ﬁ‘129 18, 129 06,‘ “128 04 ;27 97 124 7,

&

'118 1, 217, 4r-“§fﬂ \,_o9 8. 94“6,




""",f'f;34ao, 1724 2;:‘1478 0,1,1261 l: 1081 2'-757 8\°m~‘




1224 2, 34 6,

31. 7, 31, 2- ' _xact mass, m/z 412 1574 (calcd

lH 1ndene—1 carboxylate (126).’

Chromlc a01d53 (ca: 




123 9, 128 6,”128 4, 12% 3, 127 o

'123 2, 117‘3,u109 2, 32 6, 87 2, 71 2, 55 z,‘

120 9,

:T‘3108

exact mass, m/z 410 1521 (calcd for




"

1t

i

'"‘room temperature and stxrred for 3 h

Al
PR

C

‘7$3-7 cme‘

2 (Phenylethynyl)ben201c a01d (128)

a). Chromlc ac1d53 (ca=hf.5 mL, 2 7 M) was added

drOpwlse to a cold (OQC) solutlon of aldehyde 12275 (297

l : ' Y

4

mg, l 44 mmol) 1n acetone (8 0. mL) untxl an orange ﬁfﬁw‘,,,f

e

. -,‘.‘ ol

colouratlon persxsted ‘ The reactxon m1kture was warmed t

_\ R : l;‘\m“
.Y

was added and the aqueous solutlon was extracted w1th

Y

thh water (1 . ca. 30 mL) and brxne (1 % ca. 30 mL), R

y

drled and evaporated.w Flash chromatography of the

res1due over s111ca gel (B x 15 cm) w1th 2 1 hexane “j‘t{;pfﬂ

\

ethyl acetate:gave ac1d 128 (246 9 mg, 76%)~: mp'128-tvo#'

\ N

130°C- FTIR (CC14, cast) 1696¢5 1679 0 1301 5, 1272 0\

“1H NMR (CDc13,,200 MHz) 610 1 " 9 6 (br s,r,@

o 8. o Hz, lH)h 7 70 (dd, 1 o,

k|

7H)

(m, exact mass,

O

;‘ B '
‘ether (2 x-ca.:30 mL) « The combxned extracts were washed

s
ot

. ¢
]

m/z 222 0677

)

Water (ca. 10 mLL S



L3N .
V3 A N

"was bubbled through the mlxture for 5, mln.( water'(ga;'lO

Y ~at

:VmL) and ether (ca. 30 mL) were added and the mlxture was o

extracted Wlth 4% aqueous sodlum hydroxide (2 x ca. 20

:'mL).\ The comblned aqueous extracts were acxdlfled to pH l

‘

. with. concentrated hydrochlorlc acxd and the resultlng

‘suspension was cooled to —S°C overnlqht to allow the‘Vu

prec1p1tate to settle. The yellrw solld was collected and

AU R . ‘y{

purlfled by flash chromatography over sxlxca gel {4 x. 15
cm) w1th 2 l hexane —-ethyl acetate to glve 128 (519 8 mg,
54%), thls materlal was identxcal to that made by

oﬁldatlon'oﬁ_the correeondlng aldehyde 12gt~“’

o . A e

K . . A
) \ LS
\

2 (Phenylethynyl)benzoyl chlorlde (130)

1

Oxalyl chlorlde (o 65 mL, o 946 'q, 7 is mmql) was

s added‘to a solutlon of ac1d 128 (536 8 mg, 2. 415 mnol)

benzene (6 0 mL) under argon. The solutlon was st1rred at

. Lo
‘Toom temperature for 13 h and the solveht and excess of

8 (]

‘reagent were evaporated ‘Kugelrohr dlstlllatlon [123° .
(0 200 mm)] of the re51due proVidéd ac1d chlorlde 130

[

(371 2 mg,_63 8%) as a yellow llquxd-' IR (f11m) 2220,

1780. 1755,;1195,.385, 825 ~§70,’760 745, 708, 695.'665,"

sso cm 11 1u NMR (cnc13. 2oo iz ) 58. 21 (d, 3= 8. 0 Hz,

“1

1a), 7 74-a7 3o (m, an), RENS NMR (coc13:‘so 32 MHz)
6134 5, 134 o, 133, 6, 13341,‘132 0, 129 b 128 4, 128 1,

¥} \

124 4. 1;2,7, 96 2, 87

s
D .‘4‘,,

i3 exact mass. m/z 242 0311 (19 30%



. of base. oeak lcalcd for clsugo cl, m/z 242 0312) and m/a qf@ :
240, 0337 (58 518 of base peak calcd far C15H9035C1, m/z |

240, 0342) Anal calcd for c15H90c1.‘ucf 74. 35

A . . v
N . t . ) [

.,3;77.[ Found" c, 74 54 -3,96. ‘
"«2*3énihydr5-7Lmé£hbky41—(2fxphé¢yiétnynyinénéoyld—1h4 R
, 1ndene (127) ft&g”:.‘;f;‘ vdﬂfnfif T'dn;;,‘;T‘”? fff; f',;“'a

Carboxyllc ac1d 65 (207 4 mg,ll 079 mmol) 1n THF (3 0'

V'mL plus 2 X'O S mL rlnse) was. added dropw1se over 2 ‘min to 3]

[

a cold (= 78°C) solutlon of LDA (4 4 mL, 0 60 M stock

sqlutlon, 2 64 mmoi) under argon. The brxght yellow;  f{

S

}

N x
'1'm1xture was stlrred at —78°C for 1 h and then kept at SdVC"f‘b
. ot " .o

1
1
|
i
|

for 1 h., It was then cooled to -78 C and a solutxon of}‘«

i
8

'-acxd chlorlde 130 (371 2 mg, 1. 54 mmol) in THF (2 o mL

. o
plus 1. 0 mL rlnSe) was anected rapldly.- The reactlon"

- "‘

mlxture was st1rred at —78°C for 20 m1n and then at 0° “wliffﬁf
for 20 mln. At th1s stage 1t WaS brought to room éﬁfsh .
'i.‘temperature (over about 10 pxn) and guenched w1th ifllgg;jff
saturated aqueous.ammonlum chlorlde (ca. 4 mL) Water 5Q~n‘\

8

(ca. 2 mL) and ether (ca. 4 mL) were added and st1rr1nglf‘fm‘” 

"-.v- . ' ‘i

',Y was contlnued for 2 h The aqueOus phase was extracted

wlth ether (2 x ca. 30 mL) and the comb1ned ether extracts‘1h
. 40 . -HA‘_"'}‘,X

” were washed w1th water (1 x: ca. 30 mL) and br1ne (1 x ca”"

;..,-.- N

30 mL), dr1ed, and evaporated. Prepatat1ve‘thr,_” i

chromatography (S‘i hexane—fethyl acetate)*qf?the resrdue‘




\"

.f for thxs compound.-;\f;[\@lf_}gf[;Q};vR-:{'j»fQ]

”f,xs; 3H), 3 16 (m,,xn),_z 95 tm, 1n),,2 50 (m, lH), 13c NMRﬁ‘

‘ i RS . C
St . : o L ‘ f . Lo
IR AR g SO IR I NN et o
O P . L . o Wiy . Y N [
N L S \ . SN TR St Vo !
o .

AR

‘7$W,on‘sxllca gel,‘followed by extraction cf the sxlxca wlth

dxchloromethahe,,ane ketone 127 (211 8 mq, 55%) FTIR

5

(cc14.,cast) 1688' yﬁ1590 3 1480 3, 1265 3. 1077 o, 756 6”“

 ﬂ¢mv1 1H NMR (coc13g7;oo MHz) 57 6%§(m,.2H), 7 40 (m; 7H),15T;;

7120 (c, J =8,0 Hz,ﬁiﬂ). 6 89 (4, 3= 4. 0. Hz, IH), 6.65.

(d, J = 8 o Hz, 1n),;s 30 (dd, 3 -7 Ms, 6 o Hz,,lH), 3. 62

(coc13, 1oo 61 MHz) 6205 o\ 155 9, 146 9, 142 6, 133 4, f*~j"”
131 6, 130 7 130 4, 129 1, 128 S,~128 39, 128A37 128;0/LT‘N
123 2.A121 3,‘117 0, 108 z, 94 2 és 2, 55 op‘s3 4, '32.6,.
30 7, exact mass,,m/z 352 1461 (calcd for C25H2002..m/z  ﬁ.@L

352 1463) A satlsfactory analy51s could not be obtalned




[ :

. . IR .

to “ FERTERS K . i \
. . L " -, N

‘V(ca. 5 mL) was added and the aqueous layer was extracted

I w1th ether (2 X ca. 20 mL) The comblned extracts were

\.‘l

‘washed wlth water (1 x ca.wlo mL) and brlne (1 x" ca.‘loi
'3mL), drxed and evaporated 1'Flash chromatography of the
:crude re51due cver sxllca gel (1 x 15 cm) w1th 5 1 hexane
f— ethyl acetate gave 131 (28 0 mg, 76%) as :an unstable
“b;l{f ln NMR' (coc13,.4oo MHz) 87.50 (n;‘3H), 7. 29 (m,‘SH), t
1.6 (m, 2H),‘7 og'mt,;q 7.8 Hz, 2H), 6.60 (d, J‘# 7. 3
““nz), 6. se (d, ERERE Hz), 3 55 (s, 3u), 2. 91 (m, 1H),,'“I ‘
h_2 66 (m, 2H), 2 32 (m, lH) The 51gnals at 66 60 and 6.58 ‘fi

"ttogether have an area wh1ch rorresponds to 2H.: Bxact

}
. NN

"*;Qfmasg, m/z 508 0942 (calcd for c31n24028°$ } m/z 503 0942)

lf?*benzylldene)-IZH] 1nden~1'-one (132) }'jwf7fl:‘

'f2 3—Dinydro- —methoxy 1H 1ndene-1 splro-Z'—(B' i¥»3“{'ﬁﬁ“*" )
1 A » ‘; »".‘:‘~_~' N

[ N

o ,
T

‘ff A refluxing solutlon (12 mL) of ketone 131 (110 6 mg,

“0 2179 mmol) 1n benzene was malnealned under a sllght

¥ :\»'
e

Jiﬁﬁstatlc pressure of argon.f AIBN (8 JQ

’”’ﬁ?benzene“(S O.mL) and trlpheﬂyltln hydrlde (122 3 mg'tﬁin;dfT

'g" o osos mmol) 1n{*5”?"



from ethyl acetate." mp 183 190°c, FTIR (cc14, cast)

1715 0,51479 7,\1266 3, 765 5 e _;'ln NMR (cnc13, 409

MHzY

howed the presence‘of two diasteﬁ601somars 1n a ffﬁ

o~

'1;;1; 57, 90 (d, 3 ; 8.0 Hz, o 40H), 7. 85 (dt,

"f'ratxo of ca

)

J = 5 s,;f}o Hz,-p 69H), 7 81 (d 3= 8.0 Hz, 0. 30H), 7 6£

1 o 7 0 Hz, 0. AQH), 7 44 (t,\J = 7 5 Hz,fo 54H).

N I .
e

qﬁ\? 33 (m, 4 4H), 7 22 (t,iJ‘—“7 s Hz, o 89H), 7 16 (t, 3=

v,
'

7 5. Hz, o 4on), 7106 (m,_i san), 6 94 (d J = 7 5 Hz,_ ~w“
0 S9H), 6 77 (m, 1 48H), 6 62 (d J = 8. o Hz, 0 54u), 6. 5¢
(d J e e o Hz, o 49n>, e 44 (s, 0. 49H), 3 54 (s,‘l 38H),
| 3 a1 ( Be 33u), 3 25 (m, o 99H), 3 10 - 0. 54H),‘2 61
‘if §f;* ( o 49n), 2 38’ (m,fl 48H), 2 26 (m, 0. 495); 13c NMR

(CDCl}. 100 61 MHz) 6206 5, 155 6":f ‘j”'" ~

1475 S 147 1, 144 4.,143 4, 137 9;.f;‘

| vnv¥¢§4f4',134 05 133 oﬁf129 e,fj:j*-~
+128.5, 127, a,,127 4if126 8. 125;

7, 2;5409 1,’1081&;'.’ 0y

35 6, exact ma,s,;”

,g.fyaégs, 32 4, 32, 3,




chloroform (4 0 mL),'untll a blue-grey colourat;on,}‘f
‘per51sted (ca. 5 mxn) The flask was removed from the

fﬂcoollng bath and argon Was bubbled through the solwtxon ﬁl”ﬁ

g" for 10 mln“ Dlmethyl sulflde (1 mL) was added and the

'-ReorYStalllzatlon frOm ethyl acetate provxded anhif*f
f&analytlcal samplezF
‘:131705 4,

.‘,2H), 7. 88




. ,s‘.
‘\". v

"}46 mmol) and iodo-

cod

¢

aldehyde78 139 (530 1 mg, 1 815 mmol) under argon.  fhé$f*Q"

mixture was stlrred under reflux for 17 h,‘cooled to room jff

temperature,.ac1d1f1ed wlth dllute hydrochlorlc ac1d (ca.; ”

SO mL, 1 M), and extracted wlth ether (2 x ca

\“




Attempted oxldatxon of aldehyde 140

‘._’..'\ 1 q‘




".“_‘."ether (3 x ca. 20 mL)

[

\




y

0.mE); Was added

'.“:ahd ‘the:

By




1482'2, 1231 1




,HIH). 3 774 (s),"a 768

149 3

AN lﬂ .9', k F

LY

imethoxy 2= fphe







S BN A ‘i “ VYRR .“, Loerat

72#i,.1 23 (t,‘J‘ 7 0 Hz, 3H),‘1 08 (t ek =7 o Hz, 'F Q'§;

Nfﬁ3u$ 13c NMR 0tDc13, 1oo 61 an) 6166 5 154 7 149 7,

I\?E,131 7, 131 2, 128 23, 128 15, 123 5,'112 8, 111 9, 111, s,;, .

96,8, 83 2 56 8, 56 6, 42 .8, 33 9, 1378, 13 0: exéct‘” f

e

\

‘fmass, m/z 337 1671 (calcd for c21H23o3N,—m/z 337 1678)
| c,574 75- 6. 87 VN, AN

6 67~ N, . 12..:a:P4w‘~ |

. tyo N .
K H‘ u.\w‘_¢m¢,~,m o
;~|A o ! ' ! o 1 N . l 'k,.
. B

: .

8o
,o

.|\

utylllthlum (0 447‘mL, 1 5 M 1n cyclohexane, O 66

1n THF (3 0 mL)

o “.'\., ,

‘6 mmol)

n.d_xamlne (0 10 mL,




o N \ N
9.0 Hz, 1H), '3.98 — 3.80 [m (sxnglet at 63 84), 4H]d3;77
(s, 3H), 3.36 (h,iau)}‘3.14-(q, 3% 7.0 Hz,‘ZH),’1.29 (t,

J = 7.0 Hz, 3H); 1,08 (v, 3 = 7.0 Hz/, 3u); 12c NMR (cpely,
.'~1oo 61 MHz) 6167 6, 152‘8,[150.2; 153\5 111. 8, rlo;s,dfﬂ_
87.0,.57.1, 56. L4042, 6, 38:7, 13.6; 12.4; “exdct mass,dm/zf'
363.0345. (cand for C13H18NO3I, n/z 363,0332). Anal. "
ﬁalcd for c13a18No31 C, 42.99; H, 5.00; N, 3.86.

Found.; 'c, 43 26; H, 5.02; N, 3.76. - S

R R

U'Attempted.reaetioniof 71 with 146

-

i

Carhoxylxc acid 6S. (27 8 mg,40 1446 mmol) in THF (2 0
- mL plus 1 0 mL rlnse) was added dropw1se over 2‘m1n to a .

':cold (:78%¢C) solutlon of LDA 40:50 mL, 0.69. M stack
' ‘

. solutlon,.O 347 mmol) under argon.f The resultant brlght

yellow mxxture w stxrred at —78°C for 1.25 h and then

The

'kept‘at~50°c for '1. h. It was cboled to-—78°C and then
¢ . ' 1 '

transferred under argon to a éold ( 78°C) suspens1on cm CZ:V

- amlde 146" (59 5 mg, o 1763 mmol) in THF (2 o mL)

hé'

'mlxture’was stlrred at: —78°C for 20 m1n and then at Oj'“

-
A

“ffor 40 m1n and, flnaldy, at .room temperature for 1.5 h'

“}before belng quenched thh saturated aqueous ammon1um.‘
. p ‘

"Q.chloride (ca. 2 mL).. Water ca. 2 mL) and ether ca. 4 mL)
"". K ) ’ \‘4 ’ PN
wtwere added and st1rring was eontinued for 4 h. “IThe \d,

~ mlxture wes extracted w1th ether (2 x: ca. 30 mL)'andt

l,‘ T L. o
. '/ N . - . s .. .
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. were ' washed w1th brine (l x ca. 15 mL), dried} add‘,

»hevaporated.' Flash chromatography o the resxdue over
T " \\ T

“[f,slllca qel (2 x 15 cm) w1th 1 1 hexane - ethyl acetate‘

“1fqave unreacted amxde 146 (50 5 ma, 85% recovery) as’ the

o
'

only maJor reaqtlon component. -
‘ . !I' I

—(2 ﬂydroxy 1 1- d1methylethy1) 2,5- dxmethoxybenzamxde |
(1472 D {ui ~v,ff' B |
S The general procedure of reference‘88 was used | 2,$;§,

| 7d1me£hoxybenzoy1 chlormde 80 (455 9 mg, 2,27 mmol) Yh" -

lldlchlorOmethane (1. 0 mL plus 0. 5 mL rxnse) was added |
‘droﬁwlse over ca. 2 min to a cold (0°C) solutlon of 2—.
amlno 2-methyl propan 1 ol (570 0 mg, 6. 39 mmol) \n
dlchloromethane (1 5 mL) and the mlxture was stdrred at
roam temperature for 24 h | The whlte solld was . collected :

f'and washed succe551ve1va1th water (ca. 10 mL), 5% aqueous‘;

hydrochlorlc ac1d (ca.;10 mL), S% aqueous sodlum hydrox1de"‘

e ®

(ca. 10 mL) and water (ca. 10 mL) : Recgystallxzatxon fromfhf
‘ ether prov1ded hydroxyamlde 147 [203 1 mg, 35 3% (notlf
R optlmxzed){ias smaLl whlte crystals- .mp 112—113 5°C4 Fifh:
(nu301) 3398-9, 3371 9y 81642,v1637 0,,1605 7, 1552 O,ﬂu“t

1497. 8, 1215 7,‘1182 5, 1067.2; 1046 9; 831 9, 727 1 em7l;

e NMR (coc13, 200 an) 58,28 [br (W1/z = 8. o Hz).,1n1,5J~ '

774 (d..,- = 3.0 Hz, 1n). 7. 03 (da, 3 < 3. 0 9. 0 Bz, 1"" el




Lo

e 3H), 3.83 (s, 3H), 3. 69 ta”?J'=76 O‘Hz,.zn), 1140 (;}hfh
"CHS. Upon Dzo exchanqe the doublet at 63. 69 d1sappeared .
Iland the trxplet at 65 18 s1mp11f1ed to a broad slnglet.f‘ﬂ;ﬁ

‘,"_13c NMR (100 61 MHz) 6165 5,-154 1, 151 6,_122 L3, 119, 7, o

'v.f115 3, 113 3,71 0, 56. 7, 6. 1, 55. a, 24..9; exact rass, -

'“ﬁfm/z 253 1311 (calcd for C13H1904N, m/z 253 1314) »Analnfgf

ﬁcalcd for. 013H1904N C,,61.64, _,;7.56,. ‘5 53,<’ffi L;. a
Found c, 61.49; H, 7,56;‘N, 5.47. . o e iri'imfw..ju
.3.‘r . . -“‘ i ‘v. . v . . .‘ ‘.. . ' . . . ‘I‘,‘ . . y‘ .l‘,‘

”f-iZ—(Z 5- Dlmethoxyphenyl) -4, 5= dxhydro-4 4 dlmethilovaOIe:tri‘
. . The qeneral procedure oE reference bg was‘used°:}ehf‘fi
"h,solutlon of hydroxyamlde 147 (203 mg,‘O 802 mmol) -iw”lt
‘-fthxonyl chlorlde (0 50 mL, 815 mg, 6 éS mmol) was stxrred ﬁ;
riﬁat room temperature for 30‘m1n. Ether (9 mL) was added l‘
Hitand the resultxng pale yellow SOlld was collected,.washedm -
"'WIth ether (1 mL),. and dxssolved ‘in- water (15 mL);ﬁe:‘ o
G'tAqueous sodlum hydroxlde (25% w/v, 2 mL) was added;and:thef“

ﬁimlxture was extracted w1th ether (2 X 20 mL) Thel;@j&ﬁf;.V

?fjcombxned extracts were washed WIth water (1 X ca. lD mL), {

"and evaporated., Flash chromatography_ofﬁthe

“fresxdue{over 8111ca gel (2 x‘15 cm) wtth 1 1 hexane

’ 7fethy1 acetate gave 2-(2ﬁ5-d1methoxyphenyl) 4 5-d1hydro- j5

.;'f;4 4-d1methyloxazale 148 (156 ot mg', 82, 'm ' Kugelrohr

. w3




E sample' mp 32 36°C, FTIR: (cc14. cast) 1500 8, 1225 a, :
1043 4 em7l; Ly NMR (coc13, 200 MHz) 7. 27 (m’ (overlaps
w1th CHC13 51gna1), lH], 6 97 (dd, J = 9 0, 3 0 Hz, lH),

6. 89 (a, 3 —.9 0. Hz, lH), 410 (s 2H). 3. 84 ( } 3H), 3.79

s 3“)' 1.3 ‘ﬁﬂ 6“)' 13C NMR (CDC13' 100. 614 MHz) oo
6161 1, 153 2, 152, 7, 118 2 115 7, 113 7 79 0' 67 5,‘

”57;9; $5.9, 28. 45 exact. mass,'m/z 235 1209 (calcd for,‘

C13H 703N, n/z 235 1209) . Anal, - calcd for c13H1703N;- c,
66 36 Hl 7.28;‘N; 5.9‘5‘.:, FOUnd.'; 66 51 H, 7 26

. ! ' ot . . :
I [ . , ' T o
o A . - P L v ‘ v ' A I
R h e v i e . Yoo e
N . . [P
o, B T i

2 (3 6 Dlmetho;y—Z—xonphenyl)—4 5 d1hydro—4 4-=

dxmethyloxazole (149)

ﬂ@fj'{‘ The_general procedure of reference 87 wasueedrlwﬁg(f?r’j

\ butylllthli;’(o 17'mL,,1 55 i hexane,‘ .264 mmof) was. o

‘added dropw1se over ca.l2 m1n to a’ cold ( 78°C) solutlon »
of dlhydrooxazole 14%2(55 4 mg, 0 2354 mmol) in.bME (2 O‘ENHW

mL) under argon and the solutlon‘uas s€1rred at —78°C forf

1 5 h 1 ChlorQ 2-1odoethane78 (0 030 m;, 64 mg, 0 334

O

'"3 ether (2 xica.

20rmL).




l%tchromatography of the rg51due over slllca gel (1 X 15 cm)
l;;wlth 2:1 hexane T ethyl acetate followed by 1 1 hexane - ;;‘
: f;ethyl acetate,eallowed separatlon of unreacted startlng o‘
.:;}materxal (17 6 mg, 31 8% reCOvery) ffom the product 149 L
‘&(16 4 mg, 19 3%) Recrysta111zatlon from ethyl acetate
‘;prov1ded an analytlcal samgie e‘mp 119 120 'C: FTIR :
-7;(CH2c12, cast) 2966 a, 1673 4,‘1476 3 1435 5, 1415 o
?_Q‘13ooh8 1291 a, 1260 9,.1095 2, 1038.2 cm” 1: 1H NMR |
ﬁ_;(cnc13, 2oo MHz) 66 92 (d J ; 8 o Hz, IH), 6 84 (d, '.gQT
fiAB 0. Hz, 1H).\4 17 (s,v2H), 3 84 (s,,3H),‘3 80 (s, 3H), g
;ffl 46 (s” 63);,13e NMR (coci3,.1oo;61 MHz) 5160 7 152 9, ;7”

W;"152 7 126 8,»112 8 112 3 90 4= 79 s 68 3 57 3, | hlﬁng

;ﬁfﬁ28 2 lexact maSS, m/z 361 0170 (Calcd for C13H1603NL, ﬁ/?j@g
"§Q4 465 N 3 88 o. 13 29., Found 42 86 H 4 42‘;N;?ff§

I:'."'. /
»‘~_3_~.“ 3 83 Q. 13‘0 37. v




\ '1000 910 810 d

10 mL) Water (ca. 40 mL) was added and the mwlture was

exracted with ether (2‘x¢ca.-40 mL) The comblned ‘lﬂ f‘fff{
. ) ORI S
extracts wefe washed W1th water (l X ca. 30 mL) and brlne“7*

&

(1 x Ca. 30 mL),‘drled and evaporated.. The re51due wasx

v
v_ L] h

dlssolved 1n ether (ca. 20 mL) and the solutlon was cooled :u

-
o

to 0 C. An excess of diazomethane was added ' Slllca gel

y

,'x

was flltered and evaporated.‘ Flash chromatography of the |

.,»’.

¢

ﬂ resxdue over slllca gel (4 o 15 cm) w1th 10 1 hexane —fdﬁ'

‘*i ethyl acetate gave methyl (Z) 3-1odopropenoate 150 (l 0896“ﬁ

gu 20 7%) IR (fllm) 1715 1595 l430

"
p
-

‘? ln MR (cuc13.l4oo an) 57 a8 (d,_

9 o Hz\\}H), 6. 93 (d 3.




B \ ; .

ff‘of t:he resxdue 0\\er sihca gel (2 x.. 15 Cm) with 10 1 L

"‘h_exane- ethyl acetate gave 151 (110 0 mq, 56 2%).

Kugelrohr dlstlllatmn [100°C (0 02 mm)] prov1ded an

~¢ana1ytlcal sample._ IR (cc14) 2200, 1725,,1712, 1608,5; 

‘“ﬁf1435,.120 3 690 eml; ?H NMR (cnc13, 200 an) 57 sejﬁfﬁ




15 cm),.ﬁlrst w1th 3 1 hexéne —ethyl acetate and secondly

l4%>.~l152 FTIR (cc14,‘cast) 3490, 1672 4, 4

“ZYH;;¢3§53 1349 9, 1330 8,




.Aﬁﬁjnxtrated ptoducts from the des1red methylv3 6 d1methoxyiz_;.ﬁ

‘ ‘-fnitrobenzoate 153 (1 2741, 73%)

“"365 7 1304 9, 1291"8 . ‘ |

145 5.i139 9




56 3, 51 7~. exact







solutlon‘of"pota551um 1od1de (2 6 g, 15 7 mmol) 1n “ater'wx]

o

fL) was then added.. Stlrring,,at room temperature, ﬂ”




.‘\“'(“

were“added to a mlxture Qf ester 142 (?1 l mg,‘0'3074 {Qf“f

‘“”mmol)‘and potasslum t—butoxlde84 (380 mg, 3 393 mmol) o

K

“The i.mi:'i.t‘b‘r‘fe.‘ -T.wés' | Btf'i’.r‘"r.éd' “ﬁiﬁ‘de‘{f : ‘r'fe“,fflﬁi‘x - fér;f“ 4'8} ‘h‘«"”ﬁéo}fiiéﬁi to

‘aroom temperature, dlluted w1th water (caJ,IS mL),‘ana”'”

;The aqueous 1aye'

ot Y

';extracted with ether,(z x ca..ls,mL)

“fJWas a01d1f1ed to pH l by addltlon of dllute hydrochlor.cfﬂ"

. -

tcac1d and back extracted wlth ether (2 x ca. 20 mL) \efj

l\ g s H;,.

&“fCOmblned extracts were washed w1th brlne (l x caf'ﬁo mL),Hv'

‘*‘ 5 m"" !

" x‘w,
r ‘~

:“'drled, and evaporated ‘ Flash chromatography oﬁ the ﬁ,f%

Uy

'
“~

' re51due over 8111ca gel (1 xLIS cm) w1th 1 Z”hexane -55 Q*~:V

';
oy \“

'”]ethyl acetate gave acxd 133 (45 9 mg, 52 9%) as ‘a pale 1:;ff

1481 3, 1294‘“



'}Ac1d 55 (88 8 mq, 0. 4619 mmol) 1n THF (2 o mL f;”jﬁf”

plus 2 x 0 5 mL rlnse) was added dropwxse over\ca.

“\pcold ( 78°C) solutlon‘of LDA (lu65 mL, 0 68’ M stqck

T

solutlon, 1 12 mmol) underLargon.”'The solutlon was .f‘ﬁ%gﬁW"

2 mxn ”u.\”

‘ stlrred at -78°C for l h and at 50 C for 1 h.; It was then e
-'.é"«""i'-‘ \‘ PR \.'_.‘;

;f ooled to -78°c and ester 142 (168 7 mg,\O 5693 mmol)

. Vot
%

THF (2 O mL plus 1 0 mL r1nse)@was 1n3ected qulckly The

mlxture was stxrred at —78°C for 15 mln, at ofc ﬁor 1 25
. u . n; ' ‘ \ : ‘,*"" “‘.‘
and at room temperature for 30 mln."Saturated aqueoua~~ﬁ,3,v‘
MM "( ‘.\. ..‘ '~v',> ‘ I RN g |‘

ammonlum chlorlde (ca. 10 mL) and ether (cauilo mL) wero’

.»'

i) a'

addedland stlrrhng was,contlnued at room temperature for 2

S

10 mL),‘drled,




N ' | o ‘- ;’\“ ) . VoL, \‘ “\ \ “,‘ 13 e
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' G e ! . . ., ; ..
N . . ; . oo . P ’ . ““_\- f K ‘.
NI - - 'h\": U AR o : I ‘.\l . o D
o argon.«-The mxxtqre was stxrred at room tempekature for, 1 L ;
S v S }~.'wugﬂ‘;u
. h, and at SO°C for 2 h and Jas then cooled;tb room PR R
\ \ .. 3-.\ S X . . s 5 ;.‘\, “"“.' v i e
‘ tempecature. Saturated agueous ammonlum chlorxde (éa.*_wy R
N ) ‘, ' \V. h‘l;; ‘n .l‘>
mh) was added and the mlxture was transferred to an HW(“"‘W'Q
. RN oo . ; . PR ' ““ L ,..‘““
. i Lo ' L
rlenmeyer»flask Water (ca.;ﬁ% L);and ether (ca 5 mL) L
| wepe added The mlxture was Stxrred at voom temperature fj7 T
T
T overnrqht and then dllﬁted thh water (ca..lO mL) and vggg 73 e
B -~s AR TR N
o extracted{wlth ether (2 x‘ca._20 m%) The cthlned T o
B ! . N o
N extTaLts were washed thh brxne (1 ca,. 10 mL),,dr1ed, .
R N " : . A o
L and evaporated.‘ Plash ehromatography oﬁ the - resxdue R N R
‘ o ' s \ s .
u} .g allowed part1al separatlon of the reactxon c0mponents. R
R The lH NMR (200 MHz) spectrum of the mlxed fractlons h“ﬁf;""v““
lﬂ; showed st%rtxng materlal 142 to be the maJor componentL
Slgnals\correspondlng to the dllsqﬁroﬁyT‘amrdé decaved
9 I Ve P3vs . . ' \_ ( ‘ .
&‘1‘ from ester 142 weve alqo presenth RPN 8 A.-[-d
TN - : e . S SRR
Ay e L '7v ‘. ot ‘.._“ ‘ S D TR ATAE N
\ : BRI 3ls5373’n.“:~ ~“:ﬁ-“;7"'f£-“‘"" BN

2 3 Dlhydro-'—(z 5 d1methd&ybenzoy1)- -methoxy 1H 1ﬁdene

Y]

. ’; T ey o R e e PRI
(l 58) "‘ 'l,‘ 8 :““- : e e R . ‘, \ . c o . l»:‘; o
. VL S . X

'\‘. " “ ," \ : - v "‘w‘v.
Acad 55 (24 8 mg, 0. 129 mmol) 1n THF (1 0 mL plus 2 x:‘?

b S mL rlnse) was added dronase over ca.v2 mxn to a céld

Wx‘st8°C for 1 h and at 50°C for l”h befbre being cooledﬁto
. —78°C.‘




T

v

r‘added and the m1kture was' extracted thh ether (2 X ca. 20'\/§»ﬁ?'

M o " Cone) - HAN Tl W
N ’ A B Y N . N ' S . .
A ) \ e e e . ‘e . ' ‘:‘ o o > * ! v ! N \ .‘. . 18'5
l Pl . FIRRERN I ‘ LI REERER .
) by ‘ RN e v Tt . N .
\ " ' ¢ RIS ie [N l *
v N I” " . \ " \:‘ .‘I" \’\ K ! '
v . I?‘ i : ] { I‘ “ L
o ‘ : 8 "\' s B ol K ‘ e “” o Rl '
was stxrred At 0°C ﬁor‘L h, aqd at 70°C for 3 H. ”The
‘ BETAS fnj.:._ R : \‘."“i. .
v~‘mixture was cooled to room temperahure, quenched thh SR
' . P ! ‘. | e v . ‘.,‘.m‘_'-." ’
' saturated aqueOus ammonluﬂ chlorxde (ca. 5 mL), and then‘ A g?
I' \ : . TP \f . ;. L \, ‘ : ; .l .‘ P . : s . “ v“‘v‘\..‘lv
stirred for an add1t1bna1 I h.l Waxer (ca, 10 mL) waS“f‘;Y‘ﬁbﬂ‘
P "'-;'-' — ‘ ‘t' AV c e N A

. R g W T O
o mL) i The combxned exgracts were washed thh brlne LL;Q“ Vi
RURTARN . « : ‘ ’ !
ca, 10 mL), drled,_and evaporated 'Fl chromatography B
o ‘ "y:‘ r\ iy * -' A\ . .
Qf che resxdue thce over 511ch gel (2 la ém and i 15 _f$'j*xf
PO PR e e i o

cm) w1th 5*1 hexane - ethylva*etate allowed separatxon oﬁ, ﬂT‘j

1

';'unreacted startxng materlal 141 (131 8 mg,r91$ recovery) Ve

T from Retone 158 (4 7 mg, 11. 7%).” 158-' FTfﬁ (CH2c12, i‘:,.ff
casti 2952~ 294é 9, 2835 .8/ 1679.. 7, 1603 4, 1588 5 ‘ .‘ ee  -
1495 6, ~T478 9,,1464 3,{1455 QU 1439 5, 1419 9, 1335 2,  'f'€‘
1305m6, 1280 0,_1262f2 1225 1, 119u 2, 1167 6 1147 3,,f7h;fﬂfi,f»

1076 5 1051 6»«1026 3 1018 8 880 2 811 s 778 e emtl U

ln NMR (c0013,”2oolnnz) 57 18 (m, 2H), 7 03 (dd, '}335;3aﬁj:r ,

9 0 "2' 1”" a:‘Aiffff fxf 3 77u],~" B»O'Hz. 1H), 5 oaf*i*“V" ’




) I 4 o ' ’ . rn' r . . ‘. ‘a"..

-

'[g:‘ cooled to room temperature.\ The mxxture was transferred"'
to a small flask and the reactlon vessel was rlnsed thhf
carbon tetrachlorxde (cau l mL) The solvent and excess

s - o

of reagent were evaporated to glve acxd chlorlde 156
. (191 5 mg{ 97%) as a brown 5011d IR (QC14) 2960 2940Fwi51 ii;L;
2840 1790 1460,'1430 1410 1300 1260, 1190 1175 SR S
”f 1145 1073, 1035 940, JOO 675 cm” | 1H 'NMR (coc13, 400 ﬁ awjﬁﬂ"
MHz) 56. 93’ (d 3 = 9.0 HZy‘lH), 6. 85 (d EES 9.0 Hz, IH),,nt': |
3.86 (s s ETTIRES 85 (s, 3n); lic NMR (coc13,_1oo 61 an)
6167.7, 152 6.1 Téo. 5 135 em/112 7, 112 6 82.6, 57 3, ‘ §f3lf

.'56.9; exaet mass, m/z 327.9180 (calcd for C9H8033 CJ

327 9177) and 325 9207 (calcd for C9H8033SC1 m/z

‘“[ 325 9207),7sv7r ”:33f7 ("\«‘F’ o S DL
| | | hf.ﬁj . 3,} R T AT A TR LR
T o T e e T ey
. o . L v L [ e e
N : B ratkqn of 83 ,i &'1 ..v ‘*;-gh_y,gx.,g-e
L ESter%'g*<42 6. mg, 0. 2065 mmol) in THF (.o L plus 2

”'?» 0 5 mL. Ejh €) was added dropwlse over ca. 2 m1n, to a S
B ,,' @?0 .- . o .‘ :/"v ..
-':'cold (- 7§%C) solutlon oﬁ LDA (0 35 mL, 0 71 M stock LR

l . .-.\
901Ut10n: 0. 248 mmol) under arng., The~solublon was

st1rred at--78°c for 45 m1n and}ac1d chlorlde 156 (79 7]"

_ mg, O 244 mmol) 1n THr (1 0 L Plus e, :r rlnse) was theniaﬁf-*ﬂ

iy

o f1n3ected qulckly. The mlxture'wa

stirr’d at‘-78°c for 10‘

“Wlm1n, at 0°C for 30 m1n, and then cooledAto

(0 35 mL, 0 71 M stock solutlon, 0 248 mmol) was added and
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, 0vernlght.. Saturated aquéous ammonlum chlorlde (ca. 2 mL)

and water (ca. 8 mLY were added and the mlxture was o @H%fF;‘“
. ‘ oo Lo
extracted w1th dlchLoromethane (2 x ca.\ls mL) The . ‘ B
' comblned extracts were washed w1th brine (1 x. ca. 10 mL), R lﬂ
- e S

‘ drxed, and evaporated.‘ Analysxs of the crudé{resxdue [TLC~~‘

x (5111ca' 3 1 hexane ~\ethy1 acetate) and lH NMR (CDCIB'“f‘g. e
400 MHz)] showed a . compléx mlxture of COmpoundg." ;
'””L- R O L 0 A o ‘1_, S
[ o o .o R '.1‘ [ \“’;‘ . . ‘ \" Ry “.A‘:‘f\ . . L M‘, N . L ~

2 3 Dzhydro-‘-[hydroxy(B 6~d1methoAy 2+ 1°dQPheeYI)‘f‘”'~'\ﬁ//f}fﬁi
methylene] 7-methogy IH 1ndene (160) o ‘ hk.ér

.‘h-‘\,<'._ l FERC \

1(1,91 s mg, \o %864 mmol) 1n THF‘ (1 o
gﬂ,”‘ : ®
"ﬂ mL plus 1 O mL rlnse) was added to a cold ( 78°C) solutlon.\;

o

Aq1d chlorxde 156

of dxanlon 71 {2 43 mL, 0. 216 M stock solutlon, [prepared

from n~buty111th1um (O 83 mL, 1 SS M 1n hexane, 1 284 P
mmol) and ac1d 65 (117 5 mg“%'g‘,; .mmol) 1n THF 2. 0 mL) ‘




’ \C} B N LR Y I
w1th 6 1 hexane - ethyl acetate gave 160 (62 3 mé 27%) as o
a. sllghtly 1mpure (TLC) sample.u (Attempts to further
purlfy 160 by preparatlve thln layer chromatography were fﬂ“_““
 iunsuccessfu1).. IR (c014) 3410 2960, 2940 2910 2340 ;

1735, 1705,-16587 4465 1430 1310 1260 1065, 1035 cm 1

,\;.

1H NMR.(CDC13,.4OO MHz) 69 22 (s, 1H),‘7 13 (t, din 7. 5
lH), 6 91 (d Jyé 8 S/Hz, 2H), 6. 78 (m, zu), 4 02 '5 ‘(*"‘-

3H), 3 as (s, §n 3 79 (s, 3H), 2 85 (m, ZH), 2. 36 (m,

ﬂ

lH), 2 26 (m, lH) hexact\nass, m/z 438 0325 (calcd for

R N '-.”‘ :::l h ; 'E ‘.'v‘.:
C19H19041, m/z 438 0328) '>4f?~<9?~‘WV¥ ”"“f“‘

 'TLC, 5111ca,"

" m9)




‘:<' ; ‘.T 8 189
. ol 4 RTINS
.“ ! L .&4 ! ‘. ‘
".to a solﬁtloh of aldehyde 139 (18 6 mgr ‘0. 0636 mmol) and‘_Fi" &
‘trimethyl orthoformate (o 10 mL. 97 mg, o 914 mmol) 1n,;\f
S methanol (1. O mL) The mlxture was stlrred at room 3 ‘g-;k[f;,u
ffrtemperature for 7 h and flltered., The r951n was washed j" 'e
' hwlth ether (ca. 2 mL) and the comb1ned flltrates were :_f'f”{fﬂgruk

S

hfﬁevaporated.: The crude re31due was‘dr1ed under pll-pump,wa'
h,vacuum for 2 h (17 8 mg) The 1H NMR spectrum (CDC13, 400 . jﬁ;

faMHz) of the re51due show he presence of both the

.ﬁ.de51red dlmethyl acetal 161 [56 92 (d J —»9 O Hz, 0 85H),‘;u
.79 (d, J = 9 o Hz.,o ssn), 5 81 (s, o 73H), 3 833 (s),

‘“13 829 (s), 3. 48 (s, 5 on) The slgnals at’ 53 833 5nq§

’ /w . . - .
ch corresponds to 64 OH] _5M‘ﬂw1w

-

h"63 829‘together have an area wh
: :'L

x‘and the unreacte§ aIdehyde 133~{67 OO (d, J = 9 0 Hz, O 15

6. 96 e g s 9.0 Hz, o 153), 3 874 (s), 3 870 (s) f;;ﬂ?fizd

t~“)?
éiThe 51gna1s at 53 874 and 63’870 together have an area ;ﬁfjfg;uif




“”3mL), and extracted wlth ether (2 15 mL} The comblned_f

"f(Rf = 0 31) from phenylacetylene (Rf ‘= O 87)

u*solutlon of the’d

%T17 cm) wath 2 1 hexane -'ethyl acetate allowed separatxon

'";of the mlxed fractlons of d1methy1 acetar 162 (Rf = 0 27
\ S

"TLC ,5111ca, 2 1 hexane-— ethyl acetate) and*aldehyde 140

.y“
4

Hydrolysls of the aeetal was completed by addltlon of

“10% aqueous oxallc‘ac1d (l 0 mL) to a dloxane (1 0 mL)

=eat room temperature for 3 h dlluted w1th water (ca.‘lO

'*jextracts were washed W1th S%Iaqueous sodlum blcarbonate (1

\. : W '
ca.;10 mL) and brlne (1 x ca. 10 mL), dr1ed and

’ ﬂdevaporated._ Flash chromatography of the re51due over

i d fractlons.; The mlxture was stlrred ‘Lf

190 |



‘.THF (1:0 mL. plus 2 x| 0 5 mL.rlnse) was f‘jected qulckly. ldﬁthf

Lo
The m1xture was st1rted at!—78°C for 1 h and at room PR

O 1r s . St T s £

.temperature fqr 30 m1n. It‘was then quenhed by add1t1onfﬁngT\3.

“y

. of: saturated aqueous amno ium chlorlde (ca. 5 mL) and ;an)

\
\'4\.-

d1lute hydrochlorlc ac1d* ca.. 15 mL,_l M) The mlxture.‘wjﬁﬁlqﬁa

'

Hwas extracted w1th d1ch1vYomethane (2 X ca. 40 mL) and the5~ .

'comb1ned extracts were drled and evaporated,, Ethyl d:f\fff°'m

Jacetate (ca.<10 mL) and methanol (3 drops) were added, and

k

ffa hydroxyaoxd 153 (31 4 mq, 29t2%y was collected as, an

N

hflnsaluble pale yellow solld mp 233 240°C-*IR,(nu301)

73550, 1685, 1480, 1440, 1265, 1243, 1oso,ﬂ,df_;v»
{760 enl; 1H MR, (coc13,,4oo“




The ethyl acetate—methanol flltrate was evaporated

;7and flash chromatoqraphy of the resxdue over 5111ca gel (2

A R )

15 cm) w1th 1 l hexane = ethyl acetate allowed recovery

vfof aldehyde 140 (25 4 ng) as a sllghtly 1mpure (TLC)

s

\

lﬁsampleQ Several polar mlxed fractlons were also

xfmlxed fractlons were not con51stent w1t

Gy e .
o .\ oA

h the presence of_:?'

‘.,.

arrled

«-,.,‘ st ‘,‘-

hﬂthe de31red B hydroxyac1ds and no further‘work was c




. . - | o .y s
o P .
. i o . I . HTE
v‘ PR . \‘ o » . v K
. . oy L 1
. P . | "193
N Y ! *
. . . .. oo
vy " . N
. N Ll . N i it
0 i . o M -
: \ AT P N celvy
ey :
" ; L . i ! At v
* 4 .‘ ]
¢ &,

Kfea«mmol) and manganese dlox;de‘(sz 6 @g, 0 605 mmol) in Veﬁf-y

". \.'-

Y

v‘chloroform (1 S.mL) was st;rred atlroom temperature under Fefjﬂ5“

-Methyl 2.3 d1h§dro-7—methoxy—l [hydroxy[B 6 dlmethoxy 2—
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ethy% acetate‘allowed separatlon of unreacted startan *Wﬁ

Co ) B L ' . o ' :b'."' . .“
oty mater1a1 165 (7 3 mq, 50% recovery) from ﬁ ketoester 166 j\;

(4 4 mgﬂ 30%) ; The. latter had-‘ IR (nu;ol) 1730 Alsgs,u ﬂ;é‘”\;

1260 cm 1 Ln NMRDQCDC13, 400 an) 57 51 {m zn), 7 30 ‘m'i}f;§j
S 3”":7 17 ‘t' 9=7.8 He, IH), 6.82 (d 35 8.5 Hz), 681
;'”w”“ IR 7 s Hz),‘6 63 (d - = 9. ‘o Hz}]la\/\6154 (d,J‘#;;fﬂ ;be?
347 5 Hz, lH), 3 86£§s' 3H), 3 53 (s,/ju),_3 51 (S' 3n);, PRI A

. : ' “’\

V‘*QQa 46 (s,-3n),,3 oo (m, 3H)*

fz 78 (m,:lng-

\&

mi66 82 and 66 81 togéther have an area whlch‘correspondsnto fé

5150 2, 147 8 131 9 130 o, 129 o

116 6, 112.1
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acetonef(da. 150 mL) and the comblned flltrates were

diluted thh dlchloromethane (ca. 400 mL), washed w;th "

A

water (ca.-400 mL) and brxne (ca. 400‘mL), dried and

) A

evaporated to glve 171 as a pale yellow oil (36 65 g,
93%)‘ A portLon was recrystallxzed from 95% ethanol tos
give whxte_Frystals: mp 45 51°C (11t 91 52~ 53°C), I§
(film) 16Q8, 1580, 1520 ia7s, 1455, 1438, 1365, 1282
1085, 1070, 850, '7“75- em™!; 14 NMR" {acetone-dg (1% D20,
200 Mz) 57.38 (t, J = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz,
1H), 6.93 (d, J = 8.0 Hz, 1H), 3.87 (s, 3H), 2.94 (s, 3H);
13¢ ‘N;‘lﬁ (faceton.e—ds', 50.32 MHz) 6151.9, 132.1, 131.5, .
123.7, 111.7, 57.2, 17.0; exact mass, m/z 167.0581 (caled
for CgHgO3N, m/z 167.0583). -

-
. . i
[) - N '
' : .. . . ) . c .

3—Hethoxyé2-nitrobenzoic}acid (172)

| ‘The procedure of reference 94 was used to prepare
.172- 3—methoxy -2~ n1trotoluene lgl (3 10 g, 18. 5 mmol),'
vpotassium permanganate (8 2 g, 51 9 mmol) and water (325
'mL),-were stlrred under reflux for 24 h. The mlxture was
cooled to @oom temperature, made bas1c w1th aqueous sodlumf
hydroxlde (ca. 150 mL, 6 M) and extraceed wlth ether (2 x‘
‘33%_200 mL). The aqueous layer ;was f1$tered to remove |
manganese dxox1de and the. filtrate was a01d1f1ed,kto PH 1,

/..

Y



._-._.,- Sreivae Lyiiediea ana dr,xed

(2.30 g, 638): 1IR. (nugol) 1685 1575, 1535 1435 1295
1275, 1050 .cm™}; Ly NMR [acetone-d6 (1% D20), 200, Muz]
55.60"(5,”2H), 7.44 (ad, J = 3.0, 7.5 Hz, 1H) 3,96 (s,;V'
3H): 13C NMR (acetone d6; lOO 61 MHz) 6164 3 ‘151 8 B

. 131.9, 124 8 122.9, 118 5 57 4; exact mass, m/zgl97r0326‘.
(calcd for CgHy0N, m/z, 197 0324) d*f}ﬂd‘u'.ﬁ;go{h R

4

Voo
..

3—Hydroxy—2-nitrboenzoic acid (173)"

.

The general procedure of reference\9l wlth some
modlflcatlons, was used to prepare°173 N a‘mlxture of 3~‘
methoxy 2- nltroben201c acld (3 94 g, 20 O mmol) and
"pyrldlne hydrochlorlde (16.2 g, 140 mmol) was heated at
.180 200 C for 12 h and then’ cooled to room temperature.'
Aqueous sodlum hydrodee (ca. 300 mL 1 M) was added aﬂd
the mlxture was extracted w1th ether (2 x ca* 150 mL)

i

‘ The aqueous layer was ac1d1f1ed to’ pH 1 and back extracted
wlth _ether (3 x ca '200 mL) The comb1ned extracts wereA :
‘drled .and evaporated Recrystalllzatlon froh uater gave.;
173. (3.23 g,'78%) as\yellow crystals. “mp 159 -166° c '
(it 91 178- 180°C); IR (nu;ol) 1690, 1610 1520, 1330 S
Cem™l; 1H NMR [acetone-dG (l% D20), 400 MHz] 57 51“(d 3 %:i;;
7. S Hz)ﬁ 7 50 (s), 7. 48 (d, J = 7 5 Hz). 7 38 (m,,lH) -

'The 51gnals at 67 51 7. 50 and 7 48 together have an area ‘f}



~
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the hydroxyl proton w1th D20 present 1n the solvent is

ocourrlng ) 13C NMR (acetone d6' lOO.Qg‘MWZ) 6164f8,

150“ 'u131 5, ‘125 7 122, 5, 122 0; exact mass, n/z

”\l

7.183 0168 (calcd for CYHSOSN, m/z 183" 0168)

Benzyl 3 ben;yloxy -2~ nltrobgnzoate/(l74) and 3 benzyloAy—

52 nxtroben201c acxd (175)

2ob B

The procedure of reference 95 was used to, prepare

PIS ' 3 hydroxy 2- nltrobenzoxc ac1d (433 8 mg, 2. 37 mmoP)

I !

;‘1n ethanol (2 0 mL plus l 0 mL rlnse) was: added to a

ffreshly prepared solutlon of sodlum ethoxxde 1n ethanol

,50 mL) . The COmblned extracts were drxed and

fevaporated. Flash chromatography of the re51due over

fr[prepared from sodlum (143 g, 6. 22 mmol) ‘and absolute

»“ethanol (4 0 mL)] The mlxture was stlrred under reflux,,

a

:‘under arqon for 75 m1n and benzyl chlorlde (l 40 mL, l 54:'

12 2 mmol) ~Was. then added.; St1rr1ng under reflux was‘”

dcontinued for 36 h. The m1xture was cooled to room

ftemperature,‘ac1d1f1ed by addltlon of dllute hydrochlorlc‘
e L ’

.acxd“(ca.§50~ 1. M), and extracted wath ether (2 X ca.".'

i
\.

v
LI

r

‘benzoate (197 mg, 30%) a‘ unr‘ac ed start1ng mater1al

f(not 1solated) from benzyl 3-benzyloxy 2-n1trobenzoate 174

“sxlxca gel allowed separatxon of benzyl 3 hydroxy .'Z--n1tro-T

,4,97 3 mg, ETRCISE ‘The latter héﬁ" mp’, 70= 80°C,_IR (cc14)

- ! e




riav, ;gru,-xgqa, 1365, 1285, 1185 1160 1120 '1050
1025, €95 aﬁ’I; 1H NMR [acetone~16 (1%, Dzo>, 400 MHz] _
v‘~85.63‘km, 3H),.7 49 —.7 30 ( ' 1OH), 5 34 KSJ 4H) ‘exact
mass, m/z 363 1080 (caPtd for C21H1705N,_m/z 363 1107)
A mlxture of ben"yl ester 174 (840 9 mg,’2 314 mmol)
| and pota951um hydroxxde (550 mq, 9. 80 mmol) 1n ethanoli',f"
(. 0 mL, 98%) was stxrred under reflux for 2.5 n, cooled. -
'to room temperature,_dlluted wlth water (ca 30 mL), aud'
4extracted w1th ether (2 xvca 30 mL) and the comblned |
| ether extracts Were washed w1th aqueous sodlum hydroxldr
(lgx Ca._ 30 mL, l 2 M) ] The combxned aqueous extracts
fwere ac1d1fxed to pH 1 and back extracted w1tb”ether.t2i?uﬁn
7¢a‘ 100 mL) These comblned ether extracts were drled and
.evaporated Recrystalllzatlon of the re51due Erom 98%

N

ethanol gave 175 (569 1 mg, 90%) as ‘a pale yellow solxd
mp 198 2o3°c (11c,95 192 193°C), IR (nu301) 1680’ g.;s,
- 1535, 1305, 760" ¢ 1} lu NMR (acetone dﬁ, 400 an) 57 64
Cm, 3n),,7 48 — 7 31 (m,.sn), 5 34 (s; 2H),‘exact mass,‘;'
’L m/z 167 0217 (calcd for C7H504N (M C7H60), m/z 167 02191
an¢,91 0531 [calcd for C7H7 (M C7H405N), m/z 91 0548]

.‘-‘, L

2 Amlno-3 benzyloxyben201c ac1d (176)

The procedure of reference 91 was used to prepare :}?foj,

,l‘”
e

176.; sodlum d1th1on1te (9 1 g, 52 3nmmol) 1n water (50
‘ / T

mL) was added drOPWISe over 20 m1n to a solutlon of nltro-g;ngf

DS S

: TR AN . A
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¥ ‘A”__ \»..,' St 3 B S

\
'acid 175 (1 4156 g,‘S 18 mmol) 1n aqueous sod;um hydroxlde
1(25 mL, 2 M) The m1xt$re ‘was then stlrred under reflux‘la

for 12 h and cooled to room temperature. The solut1on Was;i

A,. ; N

‘ W¥carefu11y neutralized to pH 7 by addltlon of dllute

v

._hydrochlorlc ac1d (1 M) and extracted w1th ether (2 x‘ca..{

l‘fIOO mL) The comblned extracte were drled and-evaporated
?to leave 176 (993 mg, 78 8%) as ‘a pale yellow solld- -méj"
1655 170 c (11t.91 173 175°c) IR . (nuJol) 3500 3375, »1665,"

“9L1315, 1278, 1245, 1220 1210 1025 745,.740, 7oo cm“l Iu-

NMR [acetone d6 (1% 020), 200 MHz] 57 58 -7. 25 (m, GH),'

. os (dd, J --1 S 8 o Hz, 1H),;e;52 (c, J = 8.0 nz; lH),

',

\‘F 16 (s,~2H) exact mass, m/z‘243 0894 (calcd for

C14 1303N, N/Z 243 0896);

PN

bemzyloxy 2 1odoben201c a01d“3'sodLum nltr te (95 mg, 1‘38

. mmoll in water (1 0 mL) was added over ca. 30 mln to a\

cold (0°C) solutlon of 2-amxno-3 benzyloxy'enzoic ac1d9l .

(293 mg, 1 204 mmol) 1n ac1d1c methanol [co c HZSO4 (530

mg) 1n MeOH (8 mL)I The mlxture wa;”stl redﬁat 0°C for a

"7 further 30 mlnvand a cbld (0°C) aqueous solutl_,‘?

potass1um 1od1de [1 IZﬁg;

“e 5 mmol 1n Hzo‘xe'mt)] was

added. Stlrrlng»was“then«cont1nued overn1:h”

hydrochlorl

B

"iac1d.(ca.



»-\y“ k.".

NN mlxture was extracted w1th ether (2 x ca. 50 mL)

‘ The comb;ned extracts were drled dl"
. , . \ . R F

:v20 mL) and cooled to 0 C An exces

 1ved 1n ether (ca :fﬁ,
’ of ethereal | | o
‘chdlazomethane was added and the 1xcess was destroyed by
faddltxon of slllca gel.‘ The m;xture was flltered and
)'fwevaporated.w Fﬁash chromatoqraphy of the resmdue ch} |
,df:51llca gel (3 x 15 Cm) wlth 20 l hexane-—ethyl acetate ﬂf&,f
:jfgave methyl 3-benzyloxy 2 1odobenzoate (250 4'mg, 56 S%)

| 3,
q\as a’ yellow 011 IR (fllm)”1720 1560 1430, 1295 1265

’”1045 1025 758 .#3 7oo en=ls

“1;57 51 (d,;J

'f7 5 Hz, 2H), . 40 (dt,k 7 5 Hz, 2H),;¢?

1H), 5 19

557 37-— 7 23 (m, 4H), 6 95 (dd J‘ 1‘5, 8 0 Hzg

128 6 128 f




-,J‘V””Q,fg,}‘ﬁnvgﬁxlﬁdtfg§ “f'k1_:;‘ L 3f,-g3“u

"‘J‘w1th dilJte hydrochlor1c acrd {1, % 50 mL, 1 M) and'br1ne.
\,'._'.(1 X 50 mL), dned, and evaporated. F‘lash chromatography
’ otl the \residue thce over sxlica gel (2 x 15 cm) w1th 5 1
.“""“-‘hexane-—ethyl acetate gave 178 (191 9 mg, 90%) as a B

: 'ﬁ-\.".‘.‘iyellow 011 Kugélrohr dxstlllatlon pr0v1ded an analytlcal

“ “?;sample. bp 147°c (o 025 mm), FTIR (cc14; cast) 1729 o,_,‘ﬂ

{j‘7314so o, 1304 9 1270 2,.1054 s, 755 7, 692 1 ‘em™ ln NMR

i

"ng(coc13, 400 MHz) 67 53 (m, SH). T 34 (N: 73), 7 09 (d

“aﬁéﬂb Hz, lH), s, 17 ié; ZH), 3 95 (s, 3H),‘13C NMR ( Dc13,'

‘iunglgo 61 an) 6166 9, 160 3 136 9, 134 1 h31 8.'128 8

128 3, rze o 127 1, 124?0

4122 9, 116 4, 114‘3;e% ‘

_71 3 52 17 exact mass;”m/z 342 1257,(ca1cd

g




”Tﬂ4eo MHz) 57 75 (dd {J L. o, a o nzflln), 7 ss (m, 4H)ﬁ‘”

‘ﬁ%,dllute hydrochlor1c ac1d, and‘back-extracted thh ether (l

15 mL) The organlc extract was drled and evaporated

Vf,Flash chromatography of the resxdue over 51&Aca gel (1”’
‘”‘15 cm) w1th 1 1 hexane on! ethyl aqetate gave 179 (6 1 mg. ,

'35%) as, avwhlte sollq\‘.mp 120~ 130°c FTIR (CHC13, cast)

?1‘
;1695 1,‘1301 7, 1289 2, 1271 2, 754 3 eriL 1H NMR (coc13,k}~

7 44 - 7 28‘Cm,17H), 7 19 (dd




e RS PR '

";faqueous ammonlum_chlorxde (ca. 4 mL) Water (Ca. 10 mL)
,ﬂfand ether (ca. 10 mL) were added and stirrlng was jfﬁf# o
o SRR A

’es extracted wlth etheq (2 x ca._20 mL)..Wdf

vgg__The comb;ned extracts were washed WIth 10% aqueous copper;%

—

(2 x Ca. 20 mL) and brlne (1 % ca, 20 mL), drled,fx

ﬁ”fand evaporated F'aéhdchromatography of the resxdue overﬁ@







V",Zso (dd 3 =N7 s, 3 o'az,“”“

3H), 2 94 (ml lH), 2 66‘(m"
01 8, 159¢~,

Viss 9 146 7 144 o,

(coc13, 100‘61_an);3
_131 8
127,

131 o *130 2 128 52, 128 49 128 24,.‘

119 6;rfg7]“ ,413 7, 111 9,‘

138 o 136'9
127 9f

123 7,

b‘

- 128 19

103 7 97‘9,:84llf 70 9, 69 0., 31 8’ exact
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”ﬁfjéd, 49 6%) Recrystallxza;xon frOm ether —~ethy1 acetate

prov1ded an’ analyt1cal sample-' mp 246 248°C with

// decomp051t10n noted at 230°C~ PTIR (CHZCIZ, cast) 1718 S

1605 7 1590 7 1478 8, 1454 9, 1263 7, 1080 7 763 4 \fﬂ”

738 7 698 5 cmfl 1H NMR (coc13, 400 an) 57 41 (m 2H), B

7 16 (m, 4H), 7 04 ( 3H), 6 93 (t, J _,7 5 Hz, lH), 6. 80

J

'”f&@lj“'.7 5 Hz, 23), 6 66 (d J L 8 0 Hz,le). 6 53 ( br

\ » . r LN

.»16[Hz), Ti= 6 0 Hz, 2n), 6 41 (d J = 7 5. Hz, 1n),- *;,j,i

(+n

flo o Hz, lH), 4 49 (d J 7‘12 0 Hz,‘lH), 3.7% R

'fﬁ 3H),:3 19 (dd,lJ 4,10 o 12 o Hz, 1H),l”iSéfxgaa,;q*gﬁf[;ﬁ;; ’

,'* 9 o, 11 5 Hz, 13) §ﬂf\L"*;




‘ e ! ! 209H
. \ » .- ot \.X.
+ . i ‘P' il -~

! '(CH2c12::cast) 1720 o; 1606 2, 1587 2 1498ﬁ:ﬁ 1477 1, 'V'V{:“f'f
\”}§14so 2- 1267. s 1110 6, 10830, 1045 2, “1033.5,. 792 rple
';13758 9, 746 5, 698 o cm 5, 1ﬁ NMR (CDCl}a 400 MHZ) 67 38
l‘.*%( 1on). 6. 92 (t,v,' 1.0, Hz. IH), 6:76. (t,,J = 7 s “2'T7ffe77i

\

.' 25), 6 68 (d, J——-7 0" Hz, 2H), 5 62 (dAH J; 8. o Hz, 1H)

\'eeis 46 (br s, 1H),.3 56 (d J 5 5 Hz,hIH),‘3 39 (dd,_g‘;;ﬁ;:jf,“
<. 1.0, 6 o Hz,.lﬁ), 3. 01 (ddd 3. 9. o 9. 5 nz,,1\);f\ﬁf~
"jz 84 (s). 2. 85 (dd 3 9 0, 15 0 Hz), 2. 69 (m,vIH), 1. sajﬁ:ﬂfx“

»(dd g 6. o 12 o Hz, lH) *“The slgnals at 52 84 and”

'. l'
’

v

}62 85 together h@we an area Whlch correeponds to 4H..‘J~{ fWe,f;,

o

‘;ﬂIrradlatlon at 55 62 resulted 1n 51mp11f1cat10n of the

N
o

. ‘4

7:“"319'“31 at 66 76 Il‘t‘adlatlon at 53 39 resulted 1n
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" chromatoqraphy of the resxdue over 51llca qel (2 X. 15 cm)

c ““,

"

lﬁwlth 8: 1 hexane - ethyl acetate allowed separatxon of two ﬂfjfﬂk”x

'?dlastereOLSomers of 187.‘ The 1§bmer wlth lower Rf (Rf
; .

30 36,< TLC, s111ca, 5 l hexane - ethyl acetate) was thelfV _ jfﬁfif

fmajor component (22 9 mg, 89%) f The 1somer wmth hlgher Rf~

‘,(Rf 0 42) was the mlnor product (l 5 mg, 5.8%).vahesel
‘ ‘ o _

i
ERIEN

%compounds proved to be 1dent1cal (TLC 1H NMR) w1tﬁ nhose ”‘;f“f

f' I YL

.rdesCrlbed“ln the prev1ous exper1ment..h;3w , “3-"fuw¢3
s L T T PRI PR R B ‘
R " e L I e BT T R .
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